Department of Environment Systems

Graduate School of Frontier Sciences

The University of Tokyo

2019

Master’s Thesis

Measuring Barriers to the Widely Implementation of Energy-
efficient Appliances: An Estimation of Subjective Discount

Function

Submitted February 25, 2020

Adviser: Professor Yoshikuni Yoshida

Co-Adviser: Associate Professor Tomohiko Thara

Zhaoying Zhou



ACKNOWLEDGEMENTS

I received countless support during my master research. Having this

opportunity, I would like to thank to everyone who had helped me.

I would like to show my best appreciations to Professor Yoshikuni Yoshida at

first. Without all the supports and advice given by him, it would be a hard time for me

doing research and dealing with all kinds of problems. Thanks for all the time

Professor Yoshida spent on my work.

In laboratory, I would thank for the support provided by Sunbin Yoo on my

academic research.

Finally, I would give my gratitude to my family and an important individual

who support me all the time.

1



TABLE OF CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF FORUMULAS AND EQUATIONS
LIST OF ABBREVIATIONS

LIST OF UNITS OF MEASUREMENT

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8

2.1
2.2
23
24

3.1
3.2
33

4.1
4.2

INTRODUCTION......uttiiteiieiteieetett ettt sttt nae e nseeneas 1
Residential Energy-efficient Appliances and Sustainability.............cccceeeenneee. 1
Energy policy & Energy Structure........cccoecveeeeiiieiiiieeiieeeie e 4
Current EE-appliances & Subsidies..........cceeveeriiiriieniieniieiieeieeeeeeesee e 8
Barriers of implementation...........cc.ecocvierciieeiiieeeciee e 12
Subjective discount rate (SDR) & purchase behavior............cocceeviiniienns 16
Green Deal and Pay as you save (PAYS)....ccccoieniinininiiniinicecceeee, 19
Health Benefit.........occooiiiiiiii e 22
Research ODBJECtIVES. .......ovuiiiiiiiriiiieieeeccecce e 23
METHODS. ...ttt se e neeneas 25

Structure of QUEStIONNAITE SUIVEY.......cocviruiirieriiriiiiieieeieeie et 25
Environment awareness and health awareness...........ccccooceeviiiiieniieneenen. 30
Subjective discount rate (SDR) and discount functions.............ccceeueeneennee. 32

Purchase Decision ObServation............cecueriereeienieneenienieneeeeseesieeeenieene 44

RESULTS ...ttt ettt 49

QUESHIONNAITE SUIVEY......uiiiiiieiiieiiietieriieeiee et tee et e siee st esiee e bt e seeesteesaeeens 49
Binary logistic regression analysis.........ccoceevueriererrienienenienieenieeneeeeeeeee 58

Comparison between groups & COUNLIIES. ......ueeviereierierriieneeeieenresieenieens 64
DISCUSSION. ...ttt ettt 65
New variables measuring energy-efficient purchase behaviors.................... 65
The effect of health benefit.........ccccooiriiiiiiiniii 66
CONCLUSIONS ..ttt sttt ettt sttt 67

REFERENCES ...ttt 69

APPENDIX: Questionnaire SUIVEY........cccueeeveeruierieeniienieenieeieeseeeieeneeeenne 74

111



LIST OF TABLES

Table 1 Change of the Energy Efficiency of EE-appliances............ccccoceevieniienvennnnnn. 9

Table 2 Change of average use years of 4 household appliances between 2008 and

2018, with replacemMent TRASONS. ......eevieruieeiieiieeieeeieerteeeteesteeeteeseeesbeeseesseessneeseens 13

Table 3 Average use years for 4 appliances before and after the implementation of the

SUDSTIAY ...ttt ettt ettt et e et e e te e e b e e ta e et e e taeenbe e taeenbeennreenns 15
Table 4 Summary of SDR studies related to EE-appliances.............................. 18
Table 5 A combination of equal and unequal interval of delay........................... 40
Table 6 A multiple price list used to measure SDR................coociiiiiiiiiiiin.n. 42

Table 7 Summary of gender, age and samples in each group in China and Japan.....51

Table 8 Occupations of respondents in China and Japan.........................oeel 52
Table 9 Education level, dwellings, families and loan in China and Japan............. 53
Table 10 Average income, illness, sports time and sleep time....................ceeeeen 54
Table 11 Principal components of Chinese respondents............c..ccoeveiiiininne... 56
Table 12 Principal components of Japanese respondents..............c..ccoovieiiinen. 58

Table 13 Mean value of a, B/a, net present value and the subjective discount rate....59

Table 14 Purchase decisions of respondents from China and Japan, when different

information for each question was provided..............ccoooiiiiiiiiiiiii i 61

v



Table 15 Result of binary 10gistic 1e€gresSion..........vvuviitiiieiiiiiiiieiiieeeannnnn. 61

Table 16 A control group for Table 15.........cooiiiiiiii e 62

Table 17 Binary logistic regression of China. Purchase decisions based on different

0214 101 0L 63

Table 18 Binary logistic regression of China. Purchase decisions based on different

payment method were separately studied...............coooiiiiiiiiiiiiii 64
Table 19 t-test between lottery rewards group and investment rewards group..........65
Table 20 t-test result of NPV comparing groups between China and Japan............ 66



LIST OF FIGURES

Figure 1 Change of the Energy Structure in Japan 1965-2017......................

Figure 2 Available thermal insulation retrofits for a dwelling
Figure 3 The usage of subsidies in buying EE-appliances
Figure 4 The scheme of pay as you save (PAYS)
Figure 5 A summary of how respondents were distributed, with a flow chart
explaining differences among groups

Figure 6 An Exponential discount function

Figure 7 A Hyperbolic discount function.................coooiiiiiiiiiiiiiiiiinan..

Figure 8 Hyperboloid discount functions with the change of f/a and a
Figure 9 Flow chart of 6 sub-questions
Figure 10 Geographic information of the source of samples in Japan

Figure 11 Geographic information of the source of samples in China

V1



LIST OF FORUMULAS AND EQUATIONS

Equation 1 Exponential function...............cooviiiiiiiiiiiiiiii e, 32
Equation 2 Hyperbolic function...............oouiiiiiiiiii i 34
Equation 3 Hyperboloid function.................ooiiiiiiiiiiiiiii i 35
Equation 4 Subjective current value............coouiiiiiiiiiiiiiiii i 43
Equation 5 Least square method..............cooiiiiiiiiii i 43
Equation 6 Net present value...........oouiiiiiiiiiiiii e 44
Equation 7 Net present value of 10 years..........ccooiiiiiiiiiiiiiiiiiiiiieeennen. 44
Equation 8 Mean value of subjective discount rate...............cooeviiiiiiiniiinenninnnn 44
Equation 9 Net present value of pay as you Save.........ccoovvviiiiiiiiiiiiinniiinennannn. 47
Equation 10 Binary 10giStiC T€ZIreSSION. . ...vvutt ittt eeeneeeaanes 48

vii



LIST OF ABBREVIATIONS

SDR Subjective discount rate

PAYS Pay as you save

EE-appliance Energy-efficient appliance

NEB Non-energy benefit

PV Photovoltaic

PCA Principal component analysis

AC Air conditioner

TPES Total primary energy supply

OECD Organization for Economic Co-operation and Development
GHG Greenhouse gas

NDC Nationally Determined Contribution
GDP Gross domestic product

FIT Fit-in tarifft

MPL Multiple price list

viil



LIST OF UNITS OF MEASUREMENT

°C Celsius degree

Mtoe Millions of tonnes of oil equivalent
GW Gigawatt

kW kilowatt

JP¥ Japanese Yen

kWh kilowatt hour

CN¥ Chinese Yuan

USS$ United States Dollar



1 INTRODUCTION

1.1 Residential Energy-efficient Appliances and Sustainability

The enormous consumption of energy is threatening our living circumstances.

Global temperature, compared to the pre-industrial level, has increased for

approximately 1.0°C, and human activities are believed to be the main reason for that

(IPCC, 2018). In order to maintain our influence on nature in a retrievable level, Paris

Agreement suggested to actively avoid the increase of average temperature to less than

2°C compared to the pre-industrial level. 3 years after the Paris agreement, however, it

seemed even more difficult to achieve this goal. More emission reduction strategies,

considering the development of the world, should be adapted to catch up with the

growing emission.

1.1.1 Household department’s global potential

The residential sector, referring to household use of energy, shows great

potential in reducing emissions. Globally, the residential sector represented 25% of the

total final energy use among all sectors and was responsible for 17% of CO2 emission

(IEA, 2018). In some developed countries and areas, for example, the residential sector

produced 25% of emissions in the EU and 21% in the United States (EIA, 2019).

Emissions from the residential sector are about half of the total energy use of the



industrial sector, which represents 54% of global total final energy consumption (IEA,

2018), but the potential of voluntary actions from the residential sector cannot be

ignored.

One of the differences between industrial and residential sectors when talking

about emission reduction is whether it can be regulated mandatorily or not. Examples

like the Clean Air Act passed in 1963 in the United States and emission standards

published in each country are efforts that governments have tried to set a minimum

standard to mitigate emission. Pablo-Romero et al. (2017) summarized two major

reasons that the residential sector has great potentials. The first reason was based on the

statistical data from IEA. 480 Mtoe of energy use, which was 3.4% of global total

energy use, could be saved globally in the residential sector. The second reason was that

the emission of residential energy use could hardly displace cross-boundary, therefore

it is easier to observe compare to industrial use.

Besides reasons proposed by Pablo-Romero et al. (2017), a third reason that the

residential sector has great potential lies in the differences between mandatory

regulations and voluntary behaviors. Actions from governments and industries can

ensure customers to buy appliances at least reach the minimum requirement, but there

still have gaps between outdated and latest appliances and between appliances with



minimum efficiency level and those with top efficiency. Depending on consumers’

subjective purchase decisions, the amount of energy use can vary enormously. The

government may use encouragement policies like subsidies or loans to promote the

consumption of appliances with better energy efficiency. Carlsmith et al. (1990)

estimated that for the United States, energy efficiency would increase by 12% in 1990-

2010 if no policies related to energy were introduced. With a full promotion of energy-

efficient policies, the increase would rise to 26%. Yet, the failure of the Green Deal in

the UK indicates that policies focusing on monetary incentives are insufficient to

greatly enhance the purchase of energy-saving products. More studies on consumer

behaviors should be conducted.

1.1.2 Energy-efficient household appliances (EE-appliances)

In this research, energy-efticient household appliances (EE-appliances) refer to

all appliances that help reducing energy consumptions for residential use. When talking

about the E-home appliance, major electronic appliances appeared in the residential

scenario such as refrigerators, air conditioners, heating systems, lighting systems, boiler

fall into this definition. Besides these frequently mentioned electronic appliances,

appliances that help reduce the energy consumption of a house, such as thermal

insulation windows, floors and materials are also included as E-home appliances. The



adoption condition of mentioned E-home appliances in China and Japan will be
discussed in the next section. Questions related to the purchase of E-home appliances
will be asked in the questionnaire, but a specific type of E-home appliance won’t be
mentioned. Details for the given conditions of E-home appliances will be specified in
Chapter 2.3.
1.2 Energy policy & Energy structure
1.2.1 Energy policy
1.2.1.1 Japan

Japan is one of the Organization for Economic Co-operation and Development
(OECD) member countries, representing 3% of the world total primary energy supply
(TPES) and is responsible for 2.7% of the global greenhouse gas (GHG) emissions (IEA,
2018). In 2013, the total GHG emission in Japan is 1.48 billion tons of CO» equivalent.
It 1s the fifth-largest energy-consuming country after China, United States, India and
Russia. Japan submitted its Nationally Determined Contribution (NDC) after the Paris
Agreement and set its target to reduce GHG emissions 26% in 2030 compared with the
2013 level. The government set the target to reduce around 40% based on 2013 emission
level in residential sector till 2030 (&R E, 2016). The residential sector generated

0.19 billion tons of CO2 equivalent GHG in 2017 and counted for 14.9% of total energy



use (METI, 2019). Compared with the EU and the United States, the proportion of

energy use in the residential sector was relatively small in Japan. However, residential

energy use in Japan has doubled since the oil shock happened in 1973. To achieve the

ambitious goal proposed by the Japanese government, more possible solutions in the

residential sector should be discussed.

1.2.1.2 China

China produces the most GHG emission in the world due to its large population

and fast-speed development in the past 4 decades. It accounted for 21.5% of the world's

TPES and consumed 21% of global total final energy use (IEA, 2018). Although the

energy consumption per capita in China is relatively lower than many of OCED

countries, the rapid industrialization and urbanization inevitably generated a huge

amount of emissions. China submitted its NDC, setting its targets to reduce CO>

emission per unit of GDP by 60%-65% in 2030 from the 2005 level (Department of

Climate Change, 2015). Based on the data provided by China Energy Statistical

Yearbook 2017, the residential sector in China consumed 379.5 Mtoe of energy and

counted for 13.4% of total energy use (NBS, 2017). With industrialization, residential

consumption tripled since 1995. It is 7 times higher than the consumption in 1980, the

year after the economic reform. Emission reduction of China, considering its magnitude,



will have an enormous effect on global climate change.

1.2.2 Energy structure

1.2.2.1 Japan

Revising the current energy structure to increase more clean energy use is one

of the major adaptation strategies to prevent global warmings. The energy composition

in Japan changed after the 2011 Tohoku earthquake. In 2010, nuclear power provided

11.2% of domestic total energy supply, and the ratio of energy self-sufficiency reached

to a 20.2% level (METI, 2019). After the disaster, a dramatic decline in nuclear power

has led to a rebound reliance on fossil fuel energy. In 2017, 87.7% of energy supply in

Japan relied on fossil fuels, 6.5% higher than 2010, as showed in Figure 1 (METI, 2019).

Renewable energy use increased from 4.4% to
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7.6% of total energy supply but failed to fully cover the gap of nuclear power.

In 2017, Japan has installed 7 GW of photovoltaic systems, counting both
commercial and residential sectors (IEA PVPS, 2018). For all types of residential
dwellings, 7.5% adopted photovoltaic systems (METI, 2019). For the target set by the
Japanese government in 2030, nuclear power and renewable energy will provide 20%
and 24% powers for the electricity, respectively. Oshiro et al. (2017) assessed Japan’s
2030 targets, and the result showed it is feasible to achieve those targets even if nuclear
power remains constrained. The NDC targets of Japan itself, on the other hand, are
criticized by researchers as insufficient to control global warming under 2° C
(Kuramochi et al., 2017). Mitigation strategy such as energy saving in the residential
sector, considering its potential, should be strengthened.
1.2.2.2 China

In 2016, around 83.2% of primary energy supply in China was produced by
fossil fuels. The use of raw coal and crude oil as sources of energy continued to decrease
in the past decade and the reliance on natural gas increased (NBS, 2017). China is one
of the world-leading contributors to renewable energy and installed the largest amount
of photovoltaic systems in the world. In 2017, China installed 53 GW of photovoltaic

systems and counted for 54% of the global market. For the total capacity of installation,



China has installed 131 GW of PV systems, 2 times higher than the second-largest

contributor (IEA PVPS, 2018). This also surpassed China’s NDC target to produce 100

GW of PV power by the end of 2020. Nevertheless, the PV per capita, considering its

large population, was still relatively small.

As a developing country still in the process of industrialization and urbanization,

there is a gap in living conditions, as well as energy structure, between rural and urban

areas of China. In 2011, rural area residential energy consumption represented 40.4%

of total residential consumption (NADS RUC, 2016). Besides fossil fuels, renewable

biofuels were widely used in rural compared to urban areas. Firewood, straw and marsh

gas are the main resources for rural biofuels. Private straw burning caused a huge

amount of GHG emissions and received more constrained from the government since

2015. Such biofuels generated as the byproducts of agricultural activities provided a

new clean energy source for rural China.

1.3 Current EE-appliances & Subsidies

The energy efficiency of household appliances has greatly increased from 2000 to

2010, and gradually slowed down between 2010 and 2018. Table 1 (Agency for Natural

Resource and Energy, 2011, 2019a) shows the energy efficiency and energy cost change

of several electronic appliances over time in Japan. Appliances bought in 2010



compared to those in 2000, can save about 36% of energy use. The latest version of

listed appliances saved 8% more energy use than those did in 2010.

Table 1 Change of the Energy Efficiency of EE-appliances. Electricity price is set to JP3¥24/kWh

Energy efficiency (kWH/ year) Anuual Cost ( ¥ /year)
Appliance 2000 2010 2018 2000 2010 2018
Refrigerator (401-450L) 760 306 312 18240 7344 7488
Refrigerator (501L~) - 378 302 - 9072 7248
Ar Conditioner 1017 872 801 24408 20928 19224
Lignting system 108 24 18.8 2592 576 4512
Colar TV 120 87 55 2880 2088 1320

Retrofit of the thermal insulation of dwellings also showed energy-saving potential.
The retrofit includes replacement of windows, floors, ceilings, walls, etc. to more
thermal insulated materials based on needs. A complete retrofit, shown in Figure 2 (#&

R, 2011), can reduce 50% of energy consumption heating and cooling.
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9



The installation of residential PV systems generates powers that can either sell to

power companies or save for own use. Typical residential PV systems are under 10 kW

and are set on rooftops. In Japan, residential PV systems have generated over 54,000

GW of energy, worthen JP¥ 2.2 trillion (Agency for Natural Resource and Energy,

2019b).

1.3.1 Japan

Currently, various subsidy policies can apply to residential appliances

replacement and retrofits. Replacement of appliances such as air conditioner and

refrigerator with a five-star energy label certified by Energy Conservation Center Japan

(ECCJ) were subsidized. Subsidy for a five-star label refrigerator and an air conditioner,

respectively, are JP¥ 7,000 and JP¥ 4,000 (EIC, 2019).

Subsidies for newly built dwellings and retrofit of old buildings are separated.

Zero Energy House program (ZEH) provides JP¥ 0.7 million subsidies for both newly

built detached houses and apartments. The program for retrofit subsidized existing

dwellings for thermal insulation retrofit. It provided a subsidy equivalent to one-third

of the retrofit cost, with a maximum of JP¥ 120,000 and JP¥ 15,000 for detached house

and apartment, respectively (SII, 2019).

Japan applied the Feed-in-Tariff (FIT) policy for 10 years since 2009. With this

10



policy, power companies had to set a contract with residential PV users to buy powers

from residents at a fixed price. This policy has terminated in 2019. Subsidies for PV

systems were JP¥ 70,000/kWh in 2009 and were JP¥ 20,000/kWh in 2019 (SII, 2019).

1.3.2 China

China launched a new round of appliances replacement campaign in 2019. The

campaign encouraged consumers to replace the latest EE-appliances including

refrigerator, air conditioner, TVs and other 12 kinds of appliances. Based on the energy

efficiency level of the chosen product, 8%-13% of the product price will be subsidized,

with a maximum of CN¥ 800 (around JP¥ 12,000) per product (Huang, 2019).

For the rural areas in China, the government provided a one-time subsidy per

house since 2012 to help rural areas constructing thermal insulation reform, but reports

specifying the subsidy level were not found (NADS RUC, 2016). The retrofit subsidy

in urban areas was designed in a different standard. Depending on the floor size of the

dwelling, a CN¥ 20/m2 (around JP¥ 300/m2) was available for urban residents

(Ministry of Finance, 2012).

Residential PV received a CN¥ 0.2/kWh subsidy (JP¥ 3/kWh) from the Ministry

of Finance in 2019 (National Energy Administration, 2019). The purchase and

installation of residential PV systems received no subsidies.

11



1.4 Barriers of implementation

1.41 Japan

The effectiveness of Japan's current subsidy policies should be discussed

separately. A subsidy policy called Eco-point has been introduced during 2009-2011.

Consumers were rewarded by Eco-point, a credit that could use as cash, to replace their

outdated appliances. The government stated that 2.7 Mtoe of CO2 emission was

reduced during 2009-2011 due to the adoption of Eco-point. Nevertheless, the later

result from the Board of Audit of Japan (2012) suggested that the emission eventually

increased by 1.7 Mtoe. Mito et al. (2014) simulated the increase of new refrigerators

and found the introduction of eco-point was not a significant reason. With more people

replacing their appliances, the average year of use for these appliances should decrease.

However, an investigation held in 2018 (AEHA, 2018) found that the average use years

for 4 appliances in Table 2 were longer compared to 2008.

Table 2 Change of average use years of 4 household appliances between 2008 and 2018, with

replacement reasons.

Reason for replacement (%)

Appliance Average use years Fora better Malfimction  Moving to new place  Others
product
) 2008 10.4 14.6 68.2 8.6 8.6
Refrigerator 2018 122 116 6.7 74 183
. . 2008 87 84 76.8 6.9 7.9
Washing Machine
2018 10.9 7.5 771 47 10.1
. . 2008 10.5 13.9 59.2 14.2 12.7
Arr Conditioner
2018 13.6 115 69.1 4.5 148
2008 9.5 204 69.1 33 72
Color TV
2018 9.6 334 56.7 49 5

12



The energy efficiency standard for buildings was revised in 2015 to replace the
previous version designed in 1999. Buildings with better energy efficiency increased.
53% of residential dwellings under 300m? fulfilled the energy-efficient standard in 2018.
It is not sure whether the increase of certified buildings was caused by subsidies or by
the revision of the standard. For those dwelling under 300m? and failed to fulfill the
standard, the retrofit cost was over JP¥ 0.8 million. Taking the subsidy program into
consideration, the payment for each household is still very high. This may become a
major obstacle that prevents more dwellings from retrofits.

While commercial use of PV increased in 40% of annual growth since 2012, the
adoption of residential PV systems slowly increased from 5.9% in 2013 to 7.5% in 2018
(METTI, 2019), with a 5% increase per year. The expensive installation fee is one of the
reasons that prevent more household for adoption. With the termination of FIT, the
residential PV sector will face more challenges to increase its energy supply. New
incentives for the residential market should be found to cope with Japan’s 2030 targets.

The adoption of EE-appliances including residential PV systems in Japan has
encountered barriers considering the low adoption rate of residential PVs and long use
years of household appliances, Efficiency of residential dwellings, with higher

efficiency standard, may continue to increase. However, the cost of retrofit may prevent

13



residents to take actions.

1.4.2 China

In 2009-2011, China proposed a subsidy policy for rural areas and a replacement

policy for the whole country. The subsidy for rural areas was 13% of the purchase price,

and the subsidy for all residents was 10% of the purchase price (NADS RUC, 2016).

100% S N N E
90%
80%
70%
60% [
50% r
40% |
30%
20%
10% |
0%
Fridge Washing machine TV Computer Video appliance
m NoSubsidy g Replacement m  Energy efficiency Subsidy for rural M Others
subsidy for all subsidy area

Figure 3 The usage of subsidies in buying EE-appliances

Residents in a rural area could use both policies if applied. Figure 3 shows that

only 10%-20% of respondents utilized at least one subsidy in rural areas (NADS RUC,

2016). Data about the utilization in the urban area was not found. Research on the

effectiveness of replacement subsidy suggested that the average use years for 4

appliances shown in Table 3 would decrease (Lu and Matsumoto, 2012). Yet, no

statistical data in recent years could be found to examine Lu and Matsumoto’s result.

14



Table 3 Average use years for 4 appliances before and after the implementation of the subsidy.

figure translated from Japanese.

Average year of use after subsidy Average year of use before subsidy

implemented (years) implemented (years)
Refrigerator 10.5 13
Washing Machine 10.5 13
Air Conditoner 11.5 14
Color TV 9.5 12

There is a gap in thermal insulation retrofit between urban and rural areas. The

official document reported that 40% of urban residential dwellings have achieved

energy efficiency standard in China, 2017 (MOHURD, 2017). On the other hand, the

research on rural areas showed that 80% of respondents have never changed windows

in their households, and 80% of using windows were single layer glasses. Most of the

household didn’t have thermal insulation retrofit, and only 3% of the retrofit was

subsidized by the government (NADS RUC, 2016). In general, the adoption rate of

residential retrofit in China is still low compared to that in Japan.

Residential PV has experienced quick development in the past 5 years. In 2015,

only 20,000 households installed an on-grid PV system. The number increased to

500,000 households in the next 2 years (CPIA, 2018). In 2019, 40% of newly installed

PV systems were residential PVs. Despite the quick development, the adoption rate

among all residential households is still very small.

15



1.5 Subjective discount rate (SDR) & purchase behavior

Investment in EE-appliances seems to be a cost-effective decision for consumers

considering the potential of energy savings. However, the low adoption rate of EE-

appliances indicates the existence of the barrier, called the energy efficiency gap that

inhibited consumers from taking energy-efficient actions (Elgar, 2006, Qiu et al., 2014).

Socioeconomics believed that misplaced incentives, referring to fewer alternatives

provided by manufacturers, and the insufficient and inaccurate information are some

reasons for the gap (Brown, 2001). However, such situations were less likely to happen

over time, since more alternative appliances were provided on the market, with the

energy-efficient label and more strict efficiency standards.

Behavioral economics explains this gap by evaluating the subjective discount rate

(SDR) of individuals. The subjective discount rate also refers to time-preference, and it

represents the change of the monetary value of an individual over time (Wilson and

Dowlatabadi, 2007). Given an example for SDR, if one is receiving rewards in the

future, assumed as JP¥ 10,000 after 2 years, the equivalent current value of this reward

accepted by this person is the subjective monetary value of the future reward, and the

discount ratio of the value change between now and future is called SDR (Doyle, 2013).

Some demographic characteristics, such as income, education, and race were reported

16



to have a significant influence on SDR (Hausman, 1979, Newell and Siikamaki, 2015).

1.5.1 Discount function and purchase behavior

SDR was used to explain purchase behaviors related to energy-efficient

appliances, as the reward from energy-saving always comes in the future. Hausman

(1979) studied the individual discount rate for air conditioners and found the average

discount rate within the lifespan of ACs was 25%. Summarized by Train (1985) as a

literature review, studies were indicating an average SDR of 32% for thermal insulation

retrofit, 58% for refrigerator and 43% for blue-ray players (Dube et al., 2014). A study

focusing on consumers who already adopted residential PVs found that people who

bought PVs have a different SDR (7%) compare to those who rent PVs (21%) (Rai and

Sigrin, 2013). A summary of these studies can refer to Table 4 (Rai and Sigrin, 2013).

Table 4 Summary of SDR studies related to EE-appliances (Hausman, 1979; Newell and

17



Siikam&ki,2015; Coller and Williams, 1999; Dube et al., 2014; Rai and Sigrin, 2013; Train, 1985)

Author Year N Subjects  Method Average SDR Findings
Hausman 1979 1985 Us Re'fll dgta 25% Discount rate of ACs, and income substantially
estimation influence SDR
Newell Choice
and Sikkam 2015 1217 us 19% Education, race and house size affect SDR
o based
&i
Coller and us Choice Subjects have lower interest rate when delaing
i T 0,
Williams 1999 199 University based 17% with real reward than that of hypothetical
Students
Dube etal 2014 1000 US Choice 43% Discount rate of Blue-ray player. Impatient for
based delay
. Likert- Discount rate of PVs. People who buy PVs
R PV 7% of 21%
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Taking Hausman'’s result on ACs as an example, if an individual receives
JP¥1,000 as energy-saving one year later, the current worth of this savings will be
JP¥750 with a 25% discount rate. With the existence of SDR, an individual’s current
value of future rewards decreased over time, therefore future rewards are less preferred
compared to the high initial payment of EE-appliances.

Some studies, though not directly related to energy-efficient appliances, focused
on the measurement of discount function models. Differed from measuring SDR case
by case mentioned above, studies on the discount function suggested that there was a
“stable decision criterion” acted as the parameter of the individual's SDR (Doyle, 2013).
A traditional behavioral economic model for SDR suggested that people’s future value

discount at a constant rate, while many other models were suggested to better interpret
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consumer’s behavior. However, few studies about energy-saving behaviors have

attempted to apply these discount functions. More details about discount functions will

be touched in Chapter 2.

1.6 Green Deal and Pay as you save (PAYS)

People with high SDR, as mentioned above, will have less interest in spending the

high initial pay to purchase EE-appliances. To mitigate the gap between initial payment

and the long payback time, a policy called Green Deal was officially launched by the

UK government in 2013. The idea of the Green Deal is that users do not have to pay

the initial fee of EE-appliances while enjoyed the satisfaction of using more energy-

efficient products. This mechanism is called pay as you save, also referred to as on-bill

repayment. The Green Deal was inspired by the KfW Programmes for Energy Efficient

Refurbishment launched in 2009 in Germany (Schroder et al., 2011). A similar policy

called Property Assessed Clean Energy Now (PACEnow) started in 2008.

1.6.1 PAYS as energy benefits (EB)

Mechanisms of the Green Deal and pay as you save will be explained. The

institution from the UK government authorized certified business owners to provide

service. People who are interested in household retrofit contacted business owners to

assess the possible energy saving actions for their dwellings, and calculate the potential
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energy saving from the retrofit. A contract based on the level of energy-saving will be

signed between residents and business owners, and then retrofit will be conducted

funded by the government. After finishing the retrofit, residents pay their energy bills

in the same amount as they did before, and the exceeding part from energy saving will

be used to pay for the retrofit until all charges are paid (Figure 4). When finishing the

payment, residents can benefit from the reduction of energy costs. The content of

retrofit including a partial or complete revision of dwellings, implementation of new

boiler, lighting systems and temperature control systems, based on the needs of the

residents (Schroder et al., 2011).

Current Energy Bill +/- 0

No
Initial >
Pay

Contract Period Cheaper Energy Bill - x

End of Contract

Figure 4 The scheme of pay as you save (PAYS)

1.6.2 Failure of the Green Deal
The Green Deal was repealed in 2015 and was regarded as an inefficient policy
for energy saving. Contradictions focused on the “Golden Rule” that ensured the whole

policy. The “Golden Rule” set the maximum amount of loan based on the assessment
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of the dwelling’s energy-saving potential. However, such potential was measuring
under ideal conditions. For institutions like bank or energy companies that provide fund
support, there is no guarantee the contract dwelling will keep the original energy usage
level, so the payback time varies based on real situations (Chandler, 2015). There is
also a risk that residents escaped from the repayment duty, thus fund providers may
seek a higher interest rate for the loan considering these uncertainties. Consumers, on
the other hand, would certainly expect a low-interest rate to finish the payback faster.
The Green Deal eventually provided a 7% fixed interest rate for the loan contract, a
level that neither fund provider nor consumers felt convinced (Dowson et al. 2012). A
survey showed that only 7% of British people were interested in such a plan when the
interest rate of the loan was above 6% (Kloke, 2014).

The eventual participation rate for the Green Deal was 0.006%. PACEnow
launched in the United State had higher participation of 0.5% (Kloke, 2014). The low
adoption rate in both countries indicated these policies failed to be attractive to people.
Currently, Japan is considering the implementation of similar policies, while China has
no agenda on this. A revision to create more incentives for a PAY'S policy should be

studied to avoid the failure of the Green Deal.
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1.7 Health benefit

1.7.1 Health effect as non-energy benefits (NEB)

Non-energy benefits (NEB) refers to those indirect benefit that can be obtained

through the improvement of energy efficiency, additional to the direct monetary benefit

from energy-saving (Robbel, 2011). Health improvement is one major NEB of

introducing EE-appliances to the household. First, researches in both developed and

developing countries have shown that a better indoor thermal insulation condition can

significantly reduce the indoor mortality rate during extreme weather (Wilkinson et al.

2001, Onozuka and Hagihara, 2015). Improvement of thermal insulation can also

reduce the risk of respiratory disease and asthma (Ikaga et al., 2011). Such insulation

improvement can be reached by replacing windows and adding insulation materials to

ceilings and walls. An additional NEB of a retrofit is the reduction of noise exposure

from outdoor, which reduces stress and risks of mental illnesses (Guite et al., 2006).

Replacement of electronic appliances in developing countries, such as coal stoves, will

also reduce the risk of illness from indoor air pollutions.

1.7.2 Incentives to reduce payback time

While PAYS provides a direct benefit to users by avoiding high initial payment,

the uncertainty of PAYS and the long payback time make PAYS less attractive to
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potential users. Taking the NEB of health into account may better implement a policy

related to EE-appliances. The reduction of illness and mortality risk will make people

cost less on medical services and the loss due to absence from work (Ikaga et al., 2011).

With a simulation, Ikaga et al. predicted that the improvement of thermal insulation will

create NEB that reduced 40% of payback time when the retrofit was paid in a one-time

payment. A combination of PAYS and NEB will, by prediction, mitigate the subjective

discount of potential users, therefore penetrate the barrier of EE-appliances

implementation.

1.8 Research Objectives

1.8.1 Originality of this research

As discussed in the previous sections, studies on the time preference of EE-

appliances usually focused on the correlation between SDR and demographic

characteristics. The study of discount functions and applying existing discount

functions to EE-appliances purchase behavior are topics that few studies have been

touched. While studies on the PAYS and NEB have been conducted separately, no

researches have put them together to seek the possibility of their policy implications.

1.8.2 Research objectives

The main objective of this research is to use subjective discount rate, and
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parameters of discount function to predict respondents’ purchase behaviors on EE-

appliance. Additionally, this research also wants to measure changes in respondents’

purchase decisions when PAYS and NEB are introduced. More respondents are

assumed to purchase the given EE-appliances if options of PAYS and information of

NEB are provided. Whether PAYS and NEB are significant factors to the increment

remains unclear and will be analyzed in this research. The parameter generated from

the discount function can be a new indicator for us to predict consumers’ purchase

behaviors. Due to the difference in demographic characteristics, the result in Japan and

China can be different, and policy implications will be discussed based on their results.

This chapter has explained the reason why the potential of residential energy

saving in China and Japan is large, and what are those barriers that prevent wide

adoption of EE-appliances. The measurement of SDR will help us calculate the value

of PAYS and NEB of each respondent so that their impact on purchase decisions can be

quantified. Chapter 2 will explain the method of this research, following by the result

presented in Chapter 3. Discussions in Chapter 4 will look for the possible policy

indicated by the result, and conclusions will be made in Chapter 5.
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2. METHOD

2.1 Structure of questionnaire survey

2.1.1 Define research subjects

Questionnaire surveys were conducted for one time in China and Japan. A

research company, NTTCom Online Marketing Solutions Corporation, distributed

questionnaire as an online survey and ensured sample data were chosen in a random

way to reduce sample bias. Respondents who finished the survey got coupon tickets as

a compensation for cooperation. Contents of questionnaire surveys were designed and

arranged by Zhaoying Zhou and Prof. Yoshikuni Yoshida, while the layout of surveys

was adjusted by the research company. For both countries, each respondent will be

randomly placed in one of four groups. The difference between the four groups will be

explained in Section 2.1.3.

In both China and Japan, the gender of respondents was equally distributed.

There was no living area limitation for sample collection, so answers from any

prefecture in China and Japan will get an equal chance to be included as samples.

However, due to the geographic distribution of the population, there might be some

prefectures that recorded no samples. Age was an important variable for sample

screening. As the research contains questions related to purchasing decisions, young
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teenagers, who are usually regarded as financially dependent on their family and are
not able to make a big purchase decision for the whole family, were excluded from
sample collection. For the same reason, respondents who answered “student” for their
occupation were excluded from sample collection.

Also, questions were asked to check if respondents made rational choices for
their time preference. Those who made irrational choices for time preference,
considering the accuracy of analysis, were excluded from the sample. The definition of
“irrational choice” of time preference will be explained in detail in Section 2.2.3. The
predicted sample size for all four groups in each country was 1,000 respondents. We
eventually received 1,124 qualified samples for China and 1,053 samples for Japan.
2.1.2 Composition of questions

The questionnaire gave to respondents was divided into three sections:
demographic information, subjective discount rate, and purchase decisions. Each
section contained the following questions. Contents in the questionnaire for each group,
if not specifically mentioned, were the same. The questionnaire used in China was
translated from Japanese by Zhaoying Zhou. Details of each part and the layout of
questions can refer to appendix A.

Demographic information: respondents’ demographic information was
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collected as independent variables for analysis. We collect information including gender,
age, living prefecture, occupation, family member, education, household type, family
annual income, illness, sports time, sleeping condition, paying loan, environmental
awareness and health awareness. There were 34 questions related to demographic
information in this questionnaire.

Subjective discount rate (SDR): This part includes 5 sets of questions, with 6
sub-questions in each set. For each set of questions, the respondent needed to choose
between a near term reward with less money and a delayed reward with more money.
The 5 sets of questions provided 5 different delayed time. A set of questions contained
6 sub-questions with different given interest rates. The first sub-questions for each set
were asked as a test question. If a respondent gave an irrational answer to the first
question, the survey for this respondent would be terminated. In each set, values of
given rewards would change based on respondents’ answers. Such variation was
achieved by programming done by NTTcom. Respondent’s subjective discount value
of a given reward in a defined delay time can be calculated after finishing a set of sub-
questions. The total amount of questions related to time preference for each respondent
is 30. The parameter of each respondent’s subjective discount function will be elicited

using the result of SDR. Details related to SDR will be explained in section 2.2.
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Purchase decisions: Respondents would read a description text of a given

energy-efficient appliance. The price, energy efficiency level and service life were

specified in the text, while the product type of this appliance was intentionally

unspecified. Additional information about the payment method and non-energy benefit

(NEB) of the purchase decision were given to respondents. Respondents were required

to answer 4 questions with different additional information, and the different decisions

among questions will be observed. Details of purchase decisions will be explained in

section 2.3.

The whole questionnaire had 68 questions. Respondents were asked to finish all

given questions to be counted into samples. Given choices for each question can be

found in appendix A.

2.1.3 Differences among groups

Respondents in each country will be randomly placed into 1 of 4 groups. The

same questions related to demographic information will be asked to all groups.

Questions about the SDR were different among groups. Group 1 and Group 2 stated

that respondents received monetary rewards by winning a lottery, while Group 3 and

Group 4 received rewards by making wise investment decisions. Using Japan as an

example, Japanese respondents placed in Group 1 and Group 3 will make decisions
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between JP¥ 10,000 in Time A and an alternative choice in Time B. Respondents in

Group 2 and Group 4 did so in a JP¥ 100,000 level. Respondents from China received

payoffs in Chinese currency. For the convenience of calculation, the questionnaire used

in China didn’t equally exchange Japanese yen to Chinese yuan, instead CN¥ 1,000 and

CN¥ 10,000 were used. The amount of annual energy saving, and the price of EE-

appliances provided in purchase decision questions were based on the indicated reward

in SDR questions. The amount of annual energy saving equaled the indicated reward,

and the price of EE-appliances was five times the annual energy saving. Figure 5 is a

brief flow chart that also explains the differences among groups.

Data Collection Collected Samples
I
I
Random distribution Groupl Group2 Group3 Group4
Demograpihc Questions Gender, Age, Occupation, Education, etc.
SDR Questions Lottery Lottery Investment Investment
E JP¥ 10,000 JP¥ 100,000 JP¥ 10,000 JP¥ 100,000
Price Price Price Price
IP¥ JP¥ JpP¥ JP¥
50,000 500,000 50,000 500,000
Purchase Decision Annual Annual Annual Annual
Questions )
Energy Energy Energy Energy
Saving Saving Saving Saving
JP¥ 10,000 JP¥ 100,000 JP¥ 10,000 JP¥ 100,000

Figure 5 A summary of how respondents were distributed, with a flow chart explaining differences

among groups.
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2.2 Environment awareness and health awareness

Many previous studies used their questions to measure awareness. Schlegelmilch et
al. (1996) created questions from environmental knowledge, environmental attitudes,
and recycling behavior perspectives. Ham et al. (2015) reviewed previous studies
including Schlegelmilch et al., and measured environmental awareness from cognitive,
affective and conative perspectives. Some researchers (Dunlap et al., 2000) focused
more on people’s feelings of environments, and developed a measurement scale called
“New Environmental Paradigm”. Considering the balance of contents and the
comprehensiveness of the observation, Schlegelmilch’s idea was adopted to design
questions.

Questions related to environmental awareness, 12 in total, were asked to observe
the respondent’s knowledge, attitudes, and actions to various environmental issues. 4
questions were about their knowledge of environmental issues, from the cause of global
warming to their actual energy consumption. 2 questions were asked for their attitudes
toward environment conservation obligation, and 6 for the energy-saving behavior they
have conducted every day. There were 11 questions asking the respondent’s self-
evaluation of physical and mental health conditions, nutritional balance and health-

related behaviors.
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For each question, a statement (e.g. I know what is the Paris Agreement) will be

given to the respondent, and respondents need to answer a typical 5-items Likert scale

ranging from strongly agree to strongly disagree. Descriptions of these questions can

be found in Appendix A.

Most results related to demographic information obtained through the survey were

used directly or transformed into dummy variables, except for environmental and health

awareness. This research observed respondents change of purchase decisions on the

given energy-efficient appliance when introducing them additional non-energy, health

benefits. Therefore, an observation of respondent subjective understanding of

environment and health issues was conducted, and results were transformed to

numerical data by the principal component analysis (PCA).

2.2.1 Principle component analysis (PCA)

Principal Component Analysis was conducted to transform original variables.

Proposed by Karl Person (1901), principal component analysis is a widely used

statistical approach to reduce the dimension of correlated variables by creating a new

set of uncorrelated factors (Wold et al., 1987). Based on the research results, observation

may include a large number of variables and variables can be highly correlated with

each other. Such correlations among variables contain redundant information that can
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be sacrificed for the simplicity of the observed data. Principal components generated

through this analysis are new interpretations and a combination of original variables

and are uncorrelated with each other. The 1st principal component represents most of

the variation of the original data set and the first few principal components retain

important information of the original data.

Questions related to environmental and health awareness will be asked in the 5-

items Likert scale. Answers of strongly agree will be recorded as 1, and strongly

disagree will be valued as 5. An analysis add-in “Analyse-it” in Excel was used to

conduct PCA calculations.

2.3 Subjective discount rate (SDR) and discount functions

2.3.1 Literature Review & Calculation functions

As mentioned in Chapter 1, few studies have tried to use discount functions to

measure the purchase behaviors of energy-saving products. Traditional behavioral

economics assumes that individual’s discount rate is fixed over time. This assumes that

the individual is completely rational to make decisions. In that case, the discount

function of the individual will be an exponential function as Figure 6 shows. Any two

points on the exponential function will have the same ratio of change. The Equation 1

will be
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V=P “F(t)=P <exp - (—a-t) (1)

Where Vis the discounted value regarding the delayed reward P and discount

rate F(t). After the delayed period ¢ the delayed reward will be received. a is the

parameter that determines the discount function.

1.2

0.8

0.6

Subjective discounted value

1 3 5 7 9 11 13 15 17 19 21
Delayed time

Figure 6 Shape of an Exponential discount function.

Researchers then found out that in reality, people usually didn’t follow such

constant change of subjective values. For example, if people are asked to choose

between one apple today and two apples tomorrow, both answers are possible. However,

when people are asked to choose one apple a year later and two apple a year and one

day later, few people will choose to get one apple (Thaler, 1981). Harvey (1994), after

reviewing previous studies on both humans and animals, found that with the increase

of delayed time, the discount rate turned to be smaller, violate the traditional
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exponential discounting pattern. Ainslie (1974) proposed a hyperbolic function to

describe the decrease of SDR over time, said our behaviors and decision making, rather

than being rational, frequently involved impulsiveness. People always overvalue

current rewards, but not for the rewards happened long after. A hyperbolic function to

explain this phenomenon will be

1
1+at

V=F@{t)-P= 2)

Where ¥V is the discounted value regarding reward P and discount rate F(?).

F(?) is the discount rate regarding delayed time ¢ and parameter «. The shape of a

hyperbolic discount function is showed in Figure 7.

1.2
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0.6
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Subjective discounted value
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Figure 7 Shape of a hyperbolic discount function.

As Figure 7 shows, when using Equation 2, subjective value of a reward

declined quickly in the near future, and as delayed time increases, the decline of

subjective value slows down.
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Ainslie’s hyperbolic function explained the impulsiveness of human actions.
However, just like people are not always rational, they are not always impulsive
either. Besides, there is a possibility that some people hardly discount their future
value over time, which should also be represented. Green et al. (1994) introduced a
new function trying to cover as many possible behaviors as possible. This function,
called hyperboloid discount function, will be

V=F(t)-P=(1+a-t)_§-P 3)

Where V' is the discounted value regarding reward P and discount
rate F(¢). F(t) is the discount rate regarding delayed time . is the parameter indicating
the rate of discounting, explained by Green et al. (1994). When becomes larger, the
decrease of value overtime becomes larger. S/ a is the parameter indicating the
sensitivity of delay. By using Green’s function, when [/ a is close to 1, the function
turns to hyperbolic. When the value of 5/ a is larger than 1, the function gradually
turns to an exponential function. When S/ a is close to 0, then the function hardly
discounts. Figure 8 are examples of hyperboloid discount function with the change of

and f/a.
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B/u=0.005
a=0.1
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Figure 8 Hyperboloid discount functions with the change of /o and a

Kawashima (2008) compared among these three discount functions and found

that the hyperboloid discount function proposed by Green et al. (1994) had better fitness

to explain discounting behaviors. Few pieces of research related to the purchase

decision of EE-appliances used functions mentioned by Green et al. (1994) and

Kawashima (2008). Haq and Weiss (2018) used exponential functions to elicit SDR of

efficient energy but didn’t observe respondents’ purchase behavior. Hayashi (2010)

used hyperbolic function to estimated consumers’ SDR but didn’t apply it to purchase

behavior either. Kuga (2016) from Yoshida laboratory compared among discount

functions and used hyperboloid function to estimate SDR. The result of the individual’s

SDR was used by Kuga to simulate purchase decisions of residential PV systems,

refrigerators and LED lighting systems. This research, considering previous studies’

results on discount function, used the hyperboloid discount function proposed by Green

etal. (1994).
36



2.3.2 Source of monetary reward

Previous studies have changed types of given rewards to find how this will lead

to the change of respondents’ SDR. Johnson and Bickel (2002) compared the

differences of SDR between real rewards and hypothetical rewards. Respondents were

asked to answer questions with both hypothetical rewards and real rewards with a

different range of money (from US$ 10 to US$ 250). The sample size of this study is 6

participants. The result from Johnson and Bickel (2002) suggested that there was no

difference in SDR when providing real and hypothetical rewards. Coller and Williams

(1999) had a different result with larger rewards and more samples. Respondents were

distributed into 6 groups, while 5 were informed to receive real rewards and 1 group

was informed with hypothetical rewards. Each group had 35 respondents and the

indicated reward was US$ 500 or above. The result suggested that respondents who

chose between real rewards had a lower discount rate compared to those who choose

between hypothetical rewards.

As the questionnaire survey was conducted through an online survey this time,

it will be hard to provide real rewards to respondents. Therefore, instead of surveying

real and hypothetical rewards, this research observed the difference of SDR when the

stated rewards come from different sources. Two different sources of monetary rewards,
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lottery and investment payback, were used in this research. If groups given lottery

rewards had different SDR compared to those given investment rewards, then a

clarification of the source of rewards will be necessary when researching SDR in the

future.

Taking Group1 in Japan as an example, the description for lottery rewards was,

“By luckily winning a lottery, you will receive a reward of JP¥ 10,000 now.

Now you have another option to receive JP¥ x (different among questions) amount of

money y years (different among questions) later. Which one you will choose?”.

The description for investment rewards was, “By making wise investment

choice by yourself, you will receive a reward of JP¥ 10,000 now. Now you have another

option to receive JP¥ x (different among questions) amount of money y years (different

among questions) later. Which one you will choose?”.

This research assumed that respondents would value rewards earned by their

investment choice more than those earned by lottery since more individual efforts were

included in investment actions.

2.3.3 Delayed time between observations

When observing SDR, many previous studies related to EE-appliances only

observed one or two periods of delays to estimate SDR (Coller and Williams, 1999; Rai
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and Sigrin, 2013; Schleich et al., 2019; Enzler et al., 2014). Green et al. (2004)
suggested to use 8 periods of delays with unequal intervals of delays. Kuga (2016)
based on previous studies (Green et al., 2004; Fujita and Yoshida, 2013), suggested an
original design for the delayed time that combined delays with equal intervals and with
unequal intervals together. This research adopted the design propose by Kuga (2016),
and the design of delayed time is showed in Table 5. All respondents were asked to

finish all sets of questions related to SDR.

Table 5 A combination of equal and unequal interval of delay.

Questions Choice A Choice B Interval of delay
Setl Receive now Receive 1 year after 1 year

Set 2 Receivel year after Receive 1.5 years after 0.5 year

Set3 Receive 1 year later Receive 2 years after 1 year

Set4 Receive 3 years after Receive 4 years after 1 year

Set5 Receive 3 years after Receive 6 years after 3 years

2.3.4 Questionnaire design for SDR

By finishing 5 sets of questions related to SDR, discount rates of different
delayed time of each respondent can be elicited. This section will explain how the sub-
questions in each set look like.

A revision of the multiple price list (MPL) was conducted. Table 6 is an example
of MPL. The advantage of MPL is that MPL is clear and easy to understand by
respondents. However, this is also a disadvantage when researchers want to elicit SDR

as accurately as possible. By understanding the layout of MPL, respondents may report
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answers that are higher than their real SDR (Anderson et al., 2006). The revision of

MPL rearranged questions into 6 sub-questions, starts from a screening question. An

example of sub-questions in question set 1 is given here.

Sub-question 1: Respondents were asked to choose between A: JP¥ 10,000 now

and B: JP¥ 10,000 a year later. Respondents who chose answer B were regarded as

irrational, and the survey would be terminated.

Sub-question 2: Respondents were asked to choose on a 50% interest rate level.

If choice A at a 50% was preferred, then the SDR of this question was above 50%. An

additional question asking the respondent’s interest rate ranged from 100% to 500%

would be asked. If choice B was preferred, then the SDR of this question was below

50%. The interest rate given in sub-questions 3 — 6 would be adjusted based on the

previous answers. Figure 9 is a flow chart specifying adjustments that helps better

understanding this mechanism. If the final answer in sub-question 6 was JP¥ 14,500,

then the subjective value of the respondent would be the average of JP¥ 15,000 and

JP¥ 14,500.
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Table 6 A multiple price list used to measure SDR

No. of the question Receive it now (JP ¥ )

A

B

Receive it 1 year later (JP ¥) Interest rate (%)

Answer
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2.3.5 Calculation
For each respondent, 5 answers of subjective values regarding different delayed
time were observed through mentioned procedures. The hyperboloid function, Equation
(3), will be used for calculation. For each answer, the subjective current value was V;
regarding the accepted reward P; and the delayed time #,.
Vo= F(®) Pi=(l+a )P, 0
p/a and a can be estimated using least square method. The function will
be,
=1 Vi = L - V)? (5)
where V is the value respondents can receive now and V; is the value
respondents accepted to receive after a delay time of ¢.
An excel add-in “Solver” was used to find the minimum value of Equation (5).
Result of Equation (5) was defined as the object of the calculation and was set to
minimum. S/a and a were defined as variables regarding the result. As Equation (5)
get to its minimum, the output of B/a and a were parameters that determine
respondents SDR.
With the result of parameters 5/« and o, the change of subjective values

overtime can be measure using Equation (3). For example, if an EE-appliance’s service
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of life is 10 years, and respondent can save JP¥ 10,000 per year for energy bills. The
accumulation of subjective value will be the net present value (NPV) of the energy
saving in the next 10 years. The equation will be,
0,V =S PO P =T +a ) e P ©)
where P is the saved energy cost per year.
npv of 10yrs = [, V(t) — B (7)
where P; is the price of the EE-appliance.

If the result of Equation (7) is positive, then it means subjectively this
respondent values the save on energy bills over the price of the EE-appliance, therefore
subjectively the respondent gain benefit from this purchase decision. Contrarily, a
negative result of Equation (7) indicates that such purchase decision is subjectively a
loss of benefit for the respondent.

The average SDR can be elicited through the Equation (8),

SDR = (10P - %2, V()°' -1 ®)

Where P is the annual saved energy cost.

2.4 Purchase decision observation
2.4.1 NPV and real purchase decision

Net present value, in this research, measured the subjective feeling of monetary
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gain and loss over time. Comparing the net present value of each respondent with
observations of respondent’s purchase decision, the correlation between NPV and
purchase decision can be measured.

For each group, 4 questions were asked to observe respondents’ purchase
decisions of an energy-efficient appliance. Each question had different additional
information about payment methods and health benefits. The description of the energy-
efficient appliance kept the same in all questions.

Description of the appliance

“There is now a new energy-efficient product on sale. By introducing this
appliance, you can save x amount of money per year. The price of this appliance is 5x,
with no extra cost. The service life of this appliance is 10 years. All the information is
100% guaranteed.”

The product type of appliance was intentionally unspecified because of two
reasons. First, this research focused on respondent’s general purchase attitudes toward
all kinds of household appliances that reduce energy consumption. Specifying a certain
kind of appliance will substantially influence respondent’s purchase decision if the
respondent had already owned this appliance. Second, non-energy benefit was

introduced into this observation, while only part of existing appliances, such as thermal
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insulation floor and central air conditioning system, had a non-energy benefit effect.
Mentioning specific appliance with and without non-energy benefit, considering the
first reason, will generate unnecessary confusion to respondents.

As mentioned in Figure 5, the price and energy cost savings were different
among groups. Using a questionnaire in Japan as an example, in Group 1 and Group 3
this appliance cost 50,000 JPY, and the annual savings on energy cost is 10,000 JPY.
The appliance costs and savings are 10 times higher in Group 2 and group 4, which are
500,000 JPY and 100,000 JPY, respectively. Despite the differences in the product price
and amount of savings, the payback time for respondents in all groups is 5 years, which
means all respondents get extra benefits for this purchase action from the 6th to the 10th
year.

2.4.2 Payment method & Health Benefit (NEB)

The 1* question asked if the respondent would purchase this appliance by one-
time payment or not. No additional information about the health benefit was given in
the first question.

The 2™ question asked if the respondent would purchase this appliance by PAYS
or not. The mechanism of PAYS was fully explained to respondents. Interest for PAY'S

was set to 0 in the question. Same as the 1st question, there was no information about
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the health benefit.

The 3" question and the 4™ question used the same payment method as the 1st
and the 2nd, respectively. Health benefit was introduced in these questions.
Respondents would read additional information, telling them that the introduction of
this appliance improves the thermal insulation performance of the whole dwelling. This
improvement would help reduce the risk of hypertension, heart disease and other illness
caused by dramatic temperature change. With the prevention effect of such illnesses,
the mortality rate of related disease would decline from 1 in 1,000 people to 1 in 10,000
people.

When using PAYS instead of one-time payment as the payment method, the
NPV of PAYS should be calculated separately. With PAY'S, respondents would avoid
initial payment of the EE-appliance, and for the first five years there was no energy
benefit. The function for NPV of PAYS will be,

npv of PAYS = SV (t) = $i%(1+a-t)e - P ©)
Since there is no initial payment, the value of Equation (9) will always be
positive. The NPV of one-time payment, considering the initial pay of EE-appliances,

is equal to Equation (7).
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2.4.3 Calculation of purchase decisions
Binary logistic regression was used to measure the probability (y) of
respondents’ dichotomous purchase decisions. The parameter (5 ) of each predictor
represents the contribution of that independent variable (X) on the purchase decision,
as shown in Equation (10),
y =In[p/(1 —p)] = Bo + B1 X1 + B2 Xz + B3 X3+... +f; X; (10)
where y = 1 means a “yes” answer for the purchase decision questions, 0 means
a “no” answer. p is the probability that y = 1, and 1-p is the probability that y = 0. i is
the number of individual variables, and [, is the y-intercept. The calculation was done

by computer, using “Stata” as the calculation software.
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3. RESULT

3.1 Questionnaire survey

3.1.1 Demographic profile

This research collected 1124 and 1053 valid samples in China and Japan,

respectively. Table 7 is a summary of gender, age and sample size in China and Japan.

Gender of respondents tended to be equal, yet in China female respondents were slightly

more than males. Juveniles were excluded from samples, and people in 40s represented

the largest proportion (33.4% / 33.3%) of samples in both China and Japan. Regarding

respondents over the 70s, more samples were collected in Japan (65 samples) than in

China (18 samples). Age structure and the accessibility of technology in senior people

are believed to be reasons for this difference.

Groups 3 and 4 had a larger sample size compared to Groupl and 2 in both

countries because the main purpose of Groupl and 2 was to compare with Group3 and

4 to examine the difference between lottery reward and investment reward.

Figure 10 and Figure 11 indicate the geographic information of respondents. In

Japan, 37% of responses were collected from Tokyo (16%), Kanagawa (10%), Kyoto

(3%) and Osaka (8%). In China, 39% of responses were from Beijing (13%), Shanghai

(15%), Guangzhou (8%) and Shenzhen (3%), the top 4 cities as of economic
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development.

Table 7 Summary of gender, age and samples in each group in China and Japan

China Japan

Sample size 1124 1053
Gender(Male/Female) 49.6%/50.4 50%/50%

10s 0 0

20s 108 (9.6%) 48 (4.6%)
30s 263 (23.4%) 298 (28.3%)
40s 375 (33.4%) 351 (33.3%)
50s 286 (25.4%) 166 (15.8%)
60s 74 (6.6%) 125 (11.9%)
70s+ 18 (1.6%) 65 (6.2%)
Groupl 131 (11.7%) 109 (10.4%)
Group2 126 (11.2%) 108 (10.3%)
Group3 428 (38.1%) 417 (39.6%)
Group4 439 (39.1%) 419 (39.8%)

EEFEE D#HI)IE DREH

Figure 10 Geographic information of the source of samples in Japan.
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Figure 11 Geographic information of the source of samples in China.

Most respondents’ occupation was permanent employee (Table 8). There is a
significant difference on housewife/ house husband between Japan (20%) and China

2%).

Table 8 Occupations of respondents in China and Japan.

Occupation Japan % China %
Manager & Above 18 2% 39 3%
Permanent Employee 400 38% 748 67%

Part-time job 130 12% 23 2%
Permatemp 37 4% 112 10%
Temperary Employee 19 2% 5 0%
Freelancer 82 8% 53 5%

Side job 1 0% 4 0%
Housewife/House husband 213 20% 28 2%
Student 0 0% 0 0%
Unemployeed 141 13% 38 3%
Others 12 1% 74 7%
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Table 9 Education level, dwellings, families and loan in China and Japan.

China Japan
Groupl  Group2  Group3  Group4d  Groupl Group2  Group3  Group4
N 131 126 428 439 109 108 417 419
Education
High School unfinished 1% 4% 3% 3% 3% 1% 2% 3%
High School degree 9% 7% 12% 8% 27% 28% 23% 2%
vocational college 19% 25% 20% 25% 10% 10% 11% 13%
Associate degree / / / / 11% 11% 10% 11%
Undegraduate & Above 71% 64% 66% 65% 50% 50% 54% 47%
Dwelling type
Detached House (Owned) 18% 17% 19% 23% 50% 56% 55% 53%
Detached House (Rent) 2% 0% 2% 3% 5% 2% 3% 2%
Apartment (Owned) 69% 79% 73% 68% 17% 19% 18% 16%
Apartment (Rent) 11% 4% 6% 6% 28% 23% 24% 28%
Others 0% 1% 0% 0% 0% 0% 0% 0%
Family Type
By 15% 10% 9% 12% 20% 18% 19% 16%
Kim2A 24% 21% 23% 23% 17% 23% 20% 25%
RIFOBED LR EDAER T 4% % 5% 5% 20% 17% 21% 21%
BIEDBE S (XK t%z’t REm2Au Lt 20 3% 2% 4% 1% 206 2% 206
oo

B (CRiR) & FR DR BT 47% 48% 48% 48% 38% 35% 30% 31%
BO(RIF) & FHEFRE DMK

e 2% 2% 2% 2% 0% 0% 0% 1%

kel

AN =1 (H o

B (KR EHR &ﬂ% HE D3 6% 8% 8% 7% 3% 5% 6% 206

™
Z D 1% 0% 0% 0% 2% 1% 2% 1%

Loan

Paying Loan 24% 25% 20% 17% 23% 32% 22% 25%
Used to have loan 21% 16% 15% 12% 14% 18% 19% 16%
Never have loan 55% 60% 65% 71% 63% 50% 58% 59%

Data about education level, dwelling type, family type, and loan were collected,

and present in Table 9. There is no associate degree in China, and among groups,

respondents in China had higher education levels than respondents in Japan. 23%-28%

of respondents in Japan held a high school diploma, which many of them (19%-25%)

in China chose to finish a vocational college to learn some skills. The dwelling type

was also very different between China and Japan. More than half (50%-56%) of
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Japanese respondents bought their own detached house, while most (68%-73%) of
Chinese respondents lived in their own apartment. Such difference relies on the
difference in population density. The proportion of single respondents (16%-20%) and
single respondents living with parents (17%-21%) in Japan was much higher than in
China (9%-15%, 4%-7%, respectively). In both China and Japan, more than half of
respondents said they have never pay for a loan. Social cultures in China and Japan,

based on the differences in their results, were quite different.

Table 10 Average income, illness, sports time and sleep time.

China Japan
Groupl  Group2  Group3  Groupd  Groupl  Group2  Group3  Group4
N 131 126 428 439 109 108 417 419
Average Income (million JP¥)  3.06 3.02 3.19 3.25 4.68 5.15 4.96 4.66
Average lliness (%) 69% 61% 63% 63% 35% 39% 42% 42%

Average Sports time (h/week) 3.22 3.15 2.96 3.22 0.89 1.28 1.23 1.27
Average Sleep Time (Wday) 6.89 6.96 6.93 6.98 6.50 6.51 6.48 6.35

The mean value of income, illness, sports and sleep time are shown in Table
10. To avoid confusion, incomes in China have transformed into million JP¥. Illness
here is a subjective, self-diagnose result. A list of physical and mental illnesses was
given, and respondents chose all illnesses they believed applied. Among all groups,
respondents in Japan had a higher average income level than respondents in China.
While the average sports time and sleep time of Chinese respondents were higher, they

also self-diagnosed for a higher average proportion of illness, compared to respondents
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in Japan.

The principal component analysis was conducted to extract components with
a higher contribution to the variation. Table 11 and Table 12 shows principal
components of environmental awareness and health awareness in China and Japan. For
both environment and health awareness, the first component contributes the most to the
variation of results. Interpretation of Compl in both results will be a general
environment consciousness and a general health consciousness. In both countries, a
negative coefficient for Compl was observed. The Likert scale used in PCA analysis
valued “strongly agree” as 1 and “strongly disagree” as 5. Therefore, the bigger the
score respondents got for Compl, the higher their environment and health

consciousness were.
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Table 11 Principal components of Chinese respondents.

Principal Components

Environment
Compl Comp2 Comp3 Comp4 Comp5 Comp6

1. MR OV T L o TS 022 052 -022 020 -027 010
2. ZRURENREHDREN 2DO L OTIAREDS NANRERORR TH D Z Lk HoTWS - 028 041 014 037 028 -019
3. HERIERELAE L Lo BEICOV TS TS 020 055  -018 031 039 0.09
4 1L AOHENENHERXEREL TS 029 009 016 037 075 -0.02
5. BADE=RENITBIRLEOE N L%, bLAILVERLELERS 032 -004 038  -008 -004 -007
6. JElEEITA LR L) REVREAOHEZA) & LR 026 014 046 046 002 039
TR U=k LEITE, fiksy REEoLY | ERACEDIREALALIICLTVS 028 007 -037 036 011 064
8. BTADTOIIHHADEEZEZ DLERDHH LB 03 -015 002 014 -032  -0.08
9. A0, BEORERERBEXBRICL TS 025 016 -05 0.8 006 049
10. o THWRWEEDRAZEL TS 033 025 019 029  -003  -0.07
11 ERERSE, BRIV (23700 B L0 X EERBVEREZELT S 034 017 006 026 -014 -0.14
12. FTREZRIRY | AMERRIC B RO AR & ) 028 -030 013 018 011 034
Contribution 3% 11% 8% 6% 6% 5%

Cumulative contribution 37% 48% 57% 63% 69% 74%

Health
Compl Comp2 Comp3 Comp4 Comp5 Comp6

1 Bk, RENICILERTHS 031 042 012 012 033 013
2. Bk, BRNICILERTHS 033 022 015 047  -038 007
3, 1H3EBHIELCRERL TV 028 019 -037 030 036  -068
4 EBH. BE OBAEEYTERLELICLTVA 030  -034 028 037 016 030
5, RETHEBNTVREEZTWS 033 032 019 025 015 026
6. EHRIC, ALNOEHEToTVS 030 02 002 024 -053 -031
7. RERICHFRVETELIICLTVS 025 034 005 056 024 042
8, EREBEIENLLES 032 039  -000 020 039 005
9. BROBIHFVELES 03 043 004 022 021 002
10, EADABEOERICOVTHRE LB 026 -006 072 009 010 003
10, BEEZEAT, BREVOLEIICEELTLS 03 012 043 012 -003 029
Contribution 3% 14% 9% % 6% 6%

Cumulative contribution 3% 51% 59% 67% 73% 79%
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Table 12 Principal components of Japanese respondents.

Principal Components

Environment
Compl Comp2 Comp3 Comp4 Comp5 Comp6

1. HERERECEEIC OV T L o TS 034 037 000 003 008 -020
2. “FLRFEBBREHEAADOD L OTIAREBABNAREHORRTHH Z E&MoTWS <032 <037 009 020 020  -028
3. HIEREBLHE L LTORY BEICOVTHES TN D 030 050 006 010 006  -010
4 1y AOHEDENHERRELEEL TN D 025 004 023 001  -087 0.2
5. EAOETXBNIERCEEOE N RS, bLLLVERELLE) 035 004 002 030 007 037
6. EEEITE LEL ) REVREA~DBLEZH I REE LR 033 006 003 029 013 051
T X U—%fE9) L&, fik~y REfiokh, ERACEDICREZMLALIICLTVWS 027 0.34 015  -022 -008  -0.09
8. ATXDEDIIIAADERAEA D LERDD LD 033 035 001 02 018 010
9. ATA0Y, WEOFEREIBELXARICLTND 024 016 002 071 024 007
10, FoTWARVEBROBHEZHL TS 023 045 011 021 02  -060
11 FRERSE, BETV (2a70) B HORE T AR R A EET 031 -003 -016 -037 -010 019
12. WTRETRIRY | AMHREC BERECA LTI A 1 9 043 005 094 005 017 -019
Contribution 0% 1% 8% % 6% 6%

Cumulative contribution 41% 52% 60% 67% T4% 79%

Health
Compl Comp2 Comp3 Comp4 Comp5 Comp6

1 BE, ARBNICERETHS 028 040 030 -028 040 012
2. RE BROICERETHS 031 -042 025  -029 010 -016
3, 1HIEHFHELCRERL TS 028 002 04 003 -063 -001
4 BD, BEE BAEEVTERLLIICLTNS 037 02 012 028 017 013
5 BETHRENTVREZEZ TV 040 022 014 018  -008 -008
6, EHMIC, ASHDEEET-> TS 024 004 010 067 050 028
7. RERICEFRNETALIICLTWS 022 03 013  -04 005 081
8, ERBEEENELES 029 029 054 002 -024 016
9, BROBERZNEES 031 033 046 010 011 014
10, ZROSBEOEMICOVNTHER LR 026 040  -029 029 025 0.3
1. BEAEZT, BREZVOLEMICRELTWS 032 03 016 011 012 034
Contribution 3%  13%  10% 9% % %

Cumulative contribution 35% 48% 58% 66% 4% 81%
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3.1.2 Subjective discount rate

Each respondent's value of parameters, [/a, net present value, and the subjective
discount rate were elicited. Table 13 shows the average value of each group’s results.
All groups in China have a higher mean value of parameter /o than groups in Japan,
which means a higher proportion of respondents with exponential discounts. All groups
in China have a higher mean value of SDR than groups in Japan, thus the NPV of both

one-time payment and PAY'S have lower mean value than groups in Japan.

Table 13 Mean value of a, /0, net present value and the subjective discount rate.

China Japan
Mean value Growl Growp2 Growp3 Growp4 Growpl Growp2 Grow3  Groupd
B/a 40.80 25.09 15.54 22.08 5.63 9.13 13.06 7.43
a 2E+57  O9E+18  B8E+18  7E+18  B8E+18  8E+18  7E+18  B8E+18
NPV of One-time payment -0.95 -0.68 -1.19 -0.43 1.03 241 1.35 1.98
NPV of PAYS 1.68 1.79 1.53 1.89 2.83 351 2.93 3.27
SDR 18% 17% 18% 16% 7% 2% 7% 4%

3.1.3 Purchase decisions

Table 14 shows the purchase decisions made by respondents from China and
Japan. For all groups in China, the purchase willingness increased when PAYS was
provided as a payment method. However, when PAYS was provided to all groups in
Japan, the purchase willingness either remained unchanged or decreased. For
respondents in Japan, PAY'S didn’t seem like an attractive payment method. In general,

respondents in China had a higher intention to purchase the given EE-appliance in all
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given conditions.

Table 14 Purchase decisions of respondents from China and Japan, when different information for

each question was provided.

China Group 1 Group 2 Group 3 Group 4
Yes No Yes No Yes No Yes No
One-time payment 2% 28% 1% 29% 76% 24% 75% 25%
PAYS 86% 14% 83% 17% 84% 16% 83% 17%
One-time payment + NEB 73% 27% 75% 25% 76% 24% 71% 29%
PAYS + NEB 82% 18% 87% 13% 86% 14% 81% 19%
Japan Group 1 Group 2 Group 3 Group 4
Yes No Yes No Yes No Yes No
One-time payment 61% 39% 55% 45% 61% 39% 54% 46%
PAYS 52% 48% 56% 44% 54% 46% 52% 48%
One-time payment + NEB 56% 44% 52% 48% 61% 39% 55% 45%
PAYS + NEB 52% 48% 56% 44% 57% 43% 55% 45%

3.2 Binary logistic regression analysis

The correlation between purchase decision and independent variables including

discount parameter, discount rate, and demographic data was examined using binary

logistic regression. Table 15 is the regression result of Group 3 and Group 4 in both

countries. For all groups in China and Japan, B/a had a significant positive correlation

(p<0.01 in Japan Group 4, p< 0.05 in China Group 3, Japan Group 3, p< 0.1 in China

Group 4) with purchase decisions of EE-appliance. Also, the value of NPV-PAYS in all

groups, and NPV-Onetime in China Group3, Japan Group3 and Japan Group4 had a

significant positive correlation with purchase decisions. In China Group4 and Japan
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Group4, if the discount function of a respondent was a hyperbolic function, there was

a significant negative effect on purchase decisions. HealthDummy variables in the table

refer to purchase decision questions that contained information about NEB. Therefore,

the result of HealthDummy in all groups showed that when additional information about

health effects was provided, respondents were more willing to purchase the EE-

appliance. The payment method is a dummy variable, in which 0 represents a one-time

payment and 1 represents PAYS. In Japan Group3 and Group4, a negative coefficient

of PAYS was observed. When the payment method PAY'S was provided to respondents

in Japan, their purchase willingness decreased, consisted of the result in Table 14. Env-

Compl indicated that respondents in all groups with higher environmental

consciousness would have higher purchase willingness.

Regressions with fewer dependent variables included only NPV-PAYS, NPV-

One time, Payment method, Hyperbolic, f/a, and HealthDummy were conducted to

examine the fitness of Table 15. The significance of most variables was aligned with

Table 15. However, the pseudo r squares between the two regression results indicate

that the results in Table 15 had better model fitness than the results in Table 16.

An additional regression analysis analyzing purchase decisions with different

payment methods was conducted. NEB (HealthDummy) had positive correlations
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with the purchase decision in a one-time payment scenario but was not significant in

the PAYS scenario (Tables 17, 18).

Table 15 Result of binary logistic regression.

China China Japan Japan
VARIABLES Group3 Group4 Group3 Group4
NPV-PAYS 0.368*** 0.154*> 0.238*** 0.306***
(0.101) (0.0779) (0.0504) (0.0533)
NP\V-Onetime 0.128*** -0.0339 0.191*** 0.261***
(0.0439) (0.0359) (0.0284) (0.0312)
Payment method -0.0642 0.274 -0.718>*** -0.454>*>*
(0.207) (0.196) (0.186) (0.211)
Hyperbolic -0.174 -1.418**> 0.716 -0.935*
(0.289) 0.317) (0.528) (0.567)
B/ 0.00315** 0.00215* 0.00295** 0.00432***
(0.00151) (0.00115) (0.00119) (0.00136)
Age -0.0432*** -0.00719 O0.0199**>* -0.00755
(0.00947) (0.00933) (0.00681) (0.00697)
HealthDummy 0.404**>* 0.270*> 0.363*** 0.352***
©0.147) (0.137) (0.118) (0.116)
Gender -0.744*>> 0.321** 0.327>>* 0.850***
(©0.173) (0.158) (0.161) (0.168)
Income 0.0458 0.0306 0.0219 -0.00113
(0.0452) (0.0344) (0.0232) (0.0257)
INncomeDontwannaanswer 1.220 0.923 -0.470>* -0.689*>*>*
(0.976) (0.943) 0.224) (0.218)
Env-Comp 1 0.168*** 0.124>* 0.185*>* 0.183*>*
(0.0494) (0.0519) (0.0357) (0.0344)
Env-Comp 2 -0.0930 -0.170*> -0.0604 0.0231
(0.0783) (0.0794) (0.0556) (0.0542)
Env-Comp 3 0.240*** 0.354*** 0.00526 -0.0184
(0.0834) (0.0876) (0.0535) (0.0537)
Env-Comp 4 0.140 0.0370 -0.0729 0.0160
(0.103) (0.0955) (0.0600) (0.0616)
Env-Comp 5 -0.0855 0.165* -0.242**>* -0.128**
(0.102) (0.0959) (0.0659) (0.0639)
Env-Comp 6 0.241>* -0.253*** -0.164** -0.0839
(0.0984) (0.0932) (0.0774) (0.0727)
Health-Comp1 0.175*>* 0.106>* -0.0260 0.0401
(0.0573) (0.0556) (0.0391) (0.0375)
Health-Comp2 -0.161** -0.267**> 0.0883* 0.103*
(0.0731) (0.0726) (0.0530) (0.0580)
Health-Comp3 0.0302 -0.00814 -0.104* -0.129**
(0.0954) (0.0867) (0.0585) (0.0608)
Health-Comp4 0.0461 0.106 -0.193**>* -0.0448
(0.101) (0.0984) (0.0631) (0.0574)
Health-Comp5 0.343*** 0.150 -0.117* 0.169***
(0.102) (0.108) (0.0636) (0.0649)
Health-Comp6 -0.0659 0.195* 0.0344 0.00878
(0.108) (0.104) (0.0669) (0.0714)
Constant 5.758*** 3.206*** 1.772*> -1.382*
(1.125) (0.989) (0.731) (0.736)
Pseudo R2 0.2018 0.1511 0.1662 0.1735
Observations 1,588 1,556 1,528 1,548

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 16 A control group for Table 15.

VARIABLES China Group3 China Group4 Japan Group3 Japan Group4
NPVPAYSDummy 0.389*** 0.107 0.231*** 0.253***
(0.0940) (0.0682) (0.0437) (0.0450)
NPVOnetimeDummy 0.122*** -0.0423 0.181*** 0.219***
(0.0381) (0.0310) (0.0247) (0.0262)
hyperbolic -0.365 -1.271%** 0.633 -0.780
(0.231) (0.276) (0.435) (0.492)
PaysorOnetime -0.194 0.295* -0.669*** -0.373**
(0.181) (0.175) (0.167) (0.188)
B/ 0.00230* 0.00138 0.00321***  0.00334***
(0.00131) (0.00104) (0.00103) (0.00125)
HealthDummy 0.327** 0.233* 0.305*** 0.298***
(0.132) (0.127) (0.108) (0.106)
Constant 1.266*** 1.045*** 0.0858 -0.399***
(0.122) (0.106) (0.0994) (0.109)
Pseudo R2 0.0377 0.0284 0.0456 0.0572
Observations 1,596 1,576 1,532 1,552

Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
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Table 17 Binary logistic regression of China. Purchase decisions based on different payment

method were separately studied.

China Group3 China Group4 China Group3 ~ China Group4
VARIABLES One time One time VARIABLES PAYS PAYS
NPV-Onetime 0.158*** -0.00203 NPV-PAYS 0.381*** 0.0782
(0.0481) (0.0396) (0.110) (0.0858)
Hyperbolic -0.329 -1.663*** Hyperbolic 0.0853 -1.415%**
(0.395) (0.465) (0.459) (0.461)
Bla 0.00111 0.00352** Bla 0.0111** 0.000670
(0.00167) (0.00172) (0.00513) (0.00162)
Age -0.0558*** -0.00904 Age -0.0342** -0.00723
(0.0130) (0.0125) (0.0151) (0.0145)
HealthDummy 0.527*** 0.445** HealthDummy 0.296 0.0895
(0.200) (0.190) (0.233) (0.212)
Gender -0.908*** 0.611*** Gender -0.678** -0.0491
(0.233) (0.219) (0.278) (0.248)
Income 0.0171 -0.0108 Income 0.0908 0.0863
(0.0597) (0.0447) (0.0743) (0.0609)
IncomeDontwannaanswer 1.525 1.624 IncomeDontwannaanswer 1.157 -0.210
(1.415) (1.296) (1.594) (1.493)
Env-Comp 1 0.158** 0.0794 Env-Comp 1 0.220*** 0.188**
(0.0680) (0.0737) (0.0794) (0.0786)
Env-Comp 2 -0.0768 -0.0338 Env-Comp 2 -0.121 -0.389***
(0.107) (0.110) (0.128) (0.125)
Env-Comp 3 0.266** 0.536*** Env-Comp 3 0.230* 0.180
(0.112) (0.125) (0.138) (0.131)
Env-Comp 4 0.271* 0.0187 Env-Comp 4 -0.0154 0.101
(0.140) (0.134) (0.167) (0.147)
Env-Comp 5 0.0328 0.0518 Env-Comp 5 -0.221 0.338**
(0.141) (0.133) (0.159) (0.153)
Env-Comp 6 0.200 -0.251** Env-Comp 6 0.393** -0.308**
(0.129) (0.128) (0.172) (0.147)
Health-Comp1 0.199** 0.123 Health-Comp1 0.133 0.0591
(0.0777) (0.0773) (0.0918) (0.0867)
Health-Comp2 -0.226** -0.439*** Health-Comp2 -0.0911 -0.0890
(0.0984) (0.104) (0.119) (0.112)
Health-Comp3 -0.165 -0.216* Health-Comp3 0.321** 0.242*
(0.130) (0.119) (0.158) (0.140)
Health-Comp4 -0.161 0.274** Health-Comp4 0.355** -0.0828
(0.139) (0.139) (0.164) (0.151)
Health-Comp5 0.451%** 0.386*** Health-Comp5 0.264 -0.118
(0.140) (0.149) (0.168) (0.167)
Health-Comp6 -0.291* 0.153 Health-Comp6 0.223 0.268*
(0.149) (0.148) (0.174) (0.155)
Constant 6.782%** 3.129** Constant 4.925%** 4.068***
(1.508) (1.335) (1.812) (1.579)
Pseudo R2 0.2351 0.1939 Pseudo R2 0.2607 0.174
Observations 790 776 792 756

Standard errors in parentheses
*** n<0.01, ** p<0.05, * p<0.1
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Table 18 Binary logistic regression of China. Purchase decisions based on different payment

method were separately studied.

Japan Group3 Japan Group4 Japan Group3 Japan Group4
VARIABLES One time One time VARIABLES PAYS PAYS
NPV-Onetime 0.198*** 0.294*** NPV-PAYS 0.237*** 0.288***
(0.0312) (0.0356) (0.0541) (0.0576)
Hyperbolic 1.529* -1.516 Hyperbolic 0.144 -0.553
(0.819) (0.938) (0.695) (0.747)
B/o 0.00300* 0.00414** Bla. 0.00277 0.00434**
(0.00173) (0.00187) (0.00170) (0.00192)
Age 0.0150 -0.0235** Age 0.0206** -0.00437
(0.00959) (0.0100) (0.00926) (0.00937)
HealthDummy 0.522*** 0.483*** HealthDummy 0.241 0.247
(0.174) (0.170) (0.164) (0.161)
Gender 0.233 1.099*** Gender 0.397* 0.590**
(0.236) (0.249) (0.226) (0.234)
Income 0.0394 -0.0545 Income 0.00493 0.0429
(0.0353) (0.0378) (0.0319) (0.0360)
IncomeDontwannaanswer -0.715** -0.884*** IncomeDontwannaanswer -0.322 -0.485
(0.334) (0.320) (0.313) (0.304)
Env-Comp 1 0.153*** 0.268*** Env-Comp 1 0.230*** 0.112**
(0.0518) (0.0516) (0.0505) (0.0473)
Env-Comp 2 -0.0131 0.119 Env-Comp 2 -0.122 -0.0238
(0.0822) (0.0794) (0.0775) (0.0751)
Env-Comp 3 -0.0386 -0.00264 Env-Comp 3 0.0466 -0.0162
(0.0790) (0.0785) (0.0753) (0.0754)
Env-Comp 4 -0.0169 0.000976 Env-Comp 4 -0.128 0.0309
(0.0890) (0.0894) (0.0837) (0.0867)
Env-Comp 5 -0.0778 -0.0910 Env-Comp 5 -0.385*** -0.164*
(0.0959) (0.0952) (0.0942) (0.0891)
Env-Comp 6 -0.342%** -0.214** Env-Comp 6 -0.0134 0.0396
(0.116) (0.106) (0.108) (0.103)
Health-Comp1 -0.0592 0.0122 Health-Comp1 0.00926 0.0500
(0.0581) (0.0551) (0.0545) (0.0522)
Health-Comp2 0.0742 0.149* Health-Comp2 0.108 0.0847
(0.0788) (0.0844) (0.0736) (0.0803)
Health-Comp3 -0.154* -0.0429 Health-Comp3 -0.0680 -0.274%**
(0.0863) (0.0876) (0.0826) (0.0853)
Health-Comp4 -0.0923 -0.0165 Health-Comp4 -0.279*** -0.0809
(0.0914) (0.0832) (0.0902) (0.0808)
Health-Comp5 -0.233** 0.133 Health-Comp5 -0.0372 0.165*
(0.0949) (0.0949) (0.0890) (0.0898)
Health-Comp6 0.0877 -0.0596 Health-Comp6 -0.00946 0.0872
(0.0988) (0.104) (0.0938) (0.101)
Constant 1.865* 0.556 Constant 1.227 -3.255***
(1.066) (1.053) (1.032) (1.062)
Pseudo R2 0.2097 0.2197 Pseudo R2 0.1609 0.1525
Observations 764 774 Observations 762 770

Standard errors in parentheses
**% n<0.01, ** p<0.05, * p<0.1
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3.3 Comparison between groups & countries
3.3.1 Lottery and Investment rewards

Comparison between groups receiving lottery rewards and groups with
investment rewards (Table 19) indicates that the source of rewards, in this study, did
not show significant impact on respondents’ SDR. The p-value for all comparisons were

above 0.05, therefore null hypothesis could not be rejected.

Table 19 t-test between lottery rewards group and investment rewards group.

t-Test: Two-Sample Assuming Unequal Variances: SDR

China Japan
Groupl Group3 Group2 Group4 Groupl Group3 Group2 Group4
Mean 0.18 0.18 0.17 0.16 0.07 0.07 0.02 0.04
Variance 0.01 0.01 0.01 0.01 0.03 0.02 0.02 0.02
Observations 127 399 117 394 102 383 100 388
df 202 227 145 157
t Stat -0.83 1.36 -0.26 -1.16
P(T<=t) two-tail 0.41 0.17 0.80 0.25
t Critical two-tail 1.97 1.97 1.98 1.98

3.3.2 Differences between China & Japan

NPV presents future rewards in current value, accumulatively. When comparing

groups with same group number in different countries, significant differences were

observed in all comparisons.

Table 20 t-test result of NPV comparing groups between China and Japan.

China Japan
Mean Variance n Mean Variance n t p>|t|
Group1 -0.95 6.45 127 1.03 12.30 102 -4.78 4E-06
Group?2 -0.76 7.00 117 2.41 8.54 100 -8.44 6E-15
Group3 -1.19 6.07 399 1.35 10.26 383 -12.38 5E-32
Group4 -0.43 7.60 394 1.98 9.38 388 -11.57 1E-28
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4. DISCUSSION

4.1 New variables measuring energy-efficient purchase behaviors

While the residential sector has great potential for energy saving, an individual’s

behaviors are always hard to predict. Barriers including high initial payment, lack of

knowledge and information can prevent people from adopting energy-efficient

technologies. Researches have tried to analyze incomes, environmental awareness,

house size, and many other demographic characteristics to give more insights to policy

implications. This research studied the relationship between one’s subjective

discounting pattern and real purchase behavior. The results of this study suggest that

not only the subjective discount rate, which explains an individual’s measurement of

values but also the discount function that implies an individual’s behavioral pattern, can

help us predict purchase behaviors related to EE-appliances. Theoretically, when people

have a higher discount rate, they tend to value current benefits more, thus are less likely

to conduct energy-saving investment. However, few studies observed the discount rate

and the purchase decision of EE-appliances independently to verify this assumption.

The use of SDR and discount function in data collection will help better estimate

the effectiveness of EE-appliances implementation strategies. Rather than some

demographic characteristics such as living area and occupations that rarely found a
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significant correlation with the purchase of EE-appliances, questions observing peoples’

SDR and parameters of discount function can be introduced into social survey and data

collections as new variables to find potential users of EE-appliances.

To make such suggestion is feasible, it is necessary to conduct more researches

between purchase behavior of EE-appliances and subjective discounting. For example,

previous studies found that the subjective discount rate for various appliances varied

from 10% to over 300% (Wilson and Dowlatabadi, 2007). This time the observed mean

SDR in China ranged from 16% to 18%, while SDR in Japan ranged much lower from

2% to 7%. Whether such difference is an improvement of model estimation accuracy

or is caused by other reasons remain unclear. In this research, 34 questions related to

SDR and purchase decisions were asked, and those questions were highly similar to

each other. To reduce the burden for respondents, a simpler question design that can

precisely estimate SDR and parameters will be an enormous incentive for the wide

implementation of data collection.

4.2 The effect of health benefit

Based on the regression result, this research suggests that providing additional

information on health-related benefits can increase the purchase willingness of EE-

appliances. The knowledge gap of the NEB should be measured, as it is unclear how
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many people know what NEB is and how it is related to EE-appliances. Both China and

Japan are facing the problem of an aging society. Seniors usually feel less easy to access

the latest information and are more vulnerable to health risks. Therefore, policymakers,

when considering policies related to NEB, should increase the accessibility of such

information. The demographic data in this research shows that over 60% of Chinese

respondents believed they have at least one physical or mental disease. This can explain

why the general concern of health awareness has a positive effect on purchasing EE-

appliance.

5. CONCLUSION

Emission reduction is an unignorable issue for a sustainable future. An individual’s

energy-saving actions can make significant contributions to mitigate global warming

and policymakers started to put more resources to maximize the potential of residential

energy efficiency. To find more predictors for consumers’ behaviors, questionnaire

surveys were conducted in both China and Japan.

Subjective discount rate and the discount function of each respondent were elicited

and were used as independent variables to observe purchase decisions of energy-
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efficient appliances. The effects of NEB information and PAY'S in the decision-making
process were also observed.

Results of surveys suggested subjective discount rate and discount function were
useful predictors of respondents’ purchase behaviors. NEB showed a positive effect on

purchase decisions, while PAY'S was insignificant in China and being negative in Japan.

68



REFERENCES

AEHA. (2018). R NEEBEAE] 7 -7 (L L2 REERFERFLHRAE
¥R https://www.aeha.or.jp/about/pdf/naikakucyousa_1809.pdf

Agency for Natural Resource and Energy. (2011). & = A EREN X v 772011 4 K.

Agency for Natural Resource and Energy. (2019a). & T A :6E/ £ 1 27 2019 4Efil.

Agency for Natural Resource and Energy. (2019b). EREHERV EWMESREDHE
#%. https://www.fit-portal.go.jp/PublicInfoSummary

Ainslie, G.W. (1974). IMPULSE CONTROL IN PIGEONS, Journal of the
Experimental Analysis of Behavior, 21 (3), 485-489.

Anderson, S., Harrison, G.W., Lau, M.1.,, Rutstrom, E.E. (2006). Elicitation using
multiple price list formats. Experimental Economics, 9(4), 383-405

Broad of Audit of Japan. (2012). ' 1) —  REL RIEEXI R EFEFDRE
([ZOWTC, ¥ 2 3EREAIESE | HiESRURBICXT 5 ®E.
http://report.jbaudit.go.jp/org/h23/2011-h23-1053-0.htm

Brown, M.A. (2001). Market failures and barriers as a basis for clean energy policies,
Energy Policy, 29 (14), 1197-1207

Carlsmith, R., W. Chandler, J. McMahon, and D. Santino. (1990) “Energy Efficiency:
How Far Can We Go?”, Oak Ridge National Laboratory.

Chandler, J. (2015). Energy Efficiency in the United Kingdom: The Failure of the
Green Deal, Renewable Energy Law and Policy Review, 1, 191-195

Coller, M., Williams, M. (1999). Eliciting Individual Discount Rates, Experimental
Economics, 2, 107-127

CPIA. (2018). 2018 FE—FREH = = EEBR, FEAKTEHS.

http://www.chinapv.org.cn/data_statistics/470.html

Department of Climate Change. (2015). Enhanced Actions on Climate Change:
China’s Intended Nationally Determined Contributions. Department of
Climate Change, National Development & Reform Commission of China.
https://www4.unfcce.int/sites/ndcstaging/PublishedDocuments/China%20Fir
st/China%27s%20First%20NDC%20Submission.pdf

Dowson, M., Poole, A., Harrison, D., Susman, G. (2012). Domestic UK retrofit
challenge: Barriers, incentives and current performance leading into the
Green Deal, Energy Policy, 50, 294-305.

Doyle, J.R. (2013) Survey of time preference, delay discounting models. Judgment

and Decision Making, Vol. 8, No. 2, pp. 116135
69


https://www.aeha.or.jp/about/pdf/naikakucyousa_1809.pdf
https://www.fit-portal.go.jp/PublicInfoSummary
http://report.jbaudit.go.jp/org/h23/2011-h23-1053-0.htm
http://www.chinapv.org.cn/data_statistics/470.html
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/China%20First/China%27s%20First%20NDC%20Submission.pdf
https://www4.unfccc.int/sites/ndcstaging/PublishedDocuments/China%20First/China%27s%20First%20NDC%20Submission.pdf

Dube, J.P., Hitsch, G.J., Jindal, P. (2014). The joint identification of utility and
discount functions from stated choice data: An application to durable goods
adoption, Quant Mark Econ, 12, 331-3.

Dunlap, R.E., Van, L., Kent D., Mertig, Angela G., Jones, R.E. (2000). Measuring
endorsement of the new eco-logical paradigm: A revised NEP sca le.

Journal of Social Issues, 56 (3), 425—442.

EIA. (2019). Annual Energy Outlook 2019 with projections to 2050. U.S Energy
Information Administration.

EIC. (2019). 2019 & (SFRL 31 &) “BRURKFHEMFIREXESTHY
T EIFAREFY—T v PNETIVEE), BREA /=2 3 1ERE
¥4. http://www.eic.or.jp/eic/topics/2019/files/kaden/4 1.pdf

Elgar, E. (2006). The Economics of Energy Efficiency: Barriers to Cost-Effective
Investment, Energy Studies Review, 14 (1), 186-192

Enzler, H.B., Diekmann, A., Meyer, R. (2014). Subjective discount rates in the
general population and their predictive power for energy saving behavior,
Energy Policy, 65, 524-540

Fujita, Y., Yoshida, Y. (2013). #&KE8E M & F R L /- AR ERW~DIAH EX
SO

Green, L. Fry, A.F., Myerson, J. (1994). Discounting of Delayed Rewards: A Life-
Span Comparison Psychological Science, 5 (1) 33-36

Green, L., Myerson, J (2004). A Discounting Framework for Choice With Delayed
and Probabilistic Reward. Psychol Bull 130(5): 769-792.

Guite HF., Clark C., Ackrill G. (2006). The impact of the physical and urban
environment on mental well-being. Public Health, 120(12),1117-1126.

Hagq, G., Weiss, M. (2018). Time preference and consumer discount rates - Insights for
accelerating the adoption of efficient energy and transport technologies,
Technological Forecasting and Social Change, 137, 76-88

Hausman, J.A. (1979). Individual Discount Rates and the Purchase and Utilization of
Energy-Using Durables. The Bell Journal of Economics, 10(1), 33-54.

Ham, M., Horvat, M., Mrcela, D. (2015). INSIGHTS FOR MEASURING
ENVIRONMENTAL AWARENESS, EKONOMSKI VJESNIK /
ECONVIEWS, 29 (1), 159-175.

Harvey, C.M. (1994). The reasonableness of non-constant discounting, Journal of
Public Economics 53 (1), 31-51

Hayashi, T. (2010). JE&ETEZ X R L -RERHFTOERICET MR, BX
RFEEZERX.

IEA PVPS. (2018). 2018 Snapshot of Global Photovoltaic Markets. http://www.iea-

70


http://www.eic.or.jp/eic/topics/2019/files/kaden/4_1.pdf

pvps.org/fileadmin/dam/public/report/statistics/IEA-PVPS -
_ A Snapshot of Global PV - 1992-2017.pdf

IEA. (2018). World energy balances 2018 editions. IEA Publications.

IPCC. (2018). Special Report on Global Warming of 1.5 °C, Intergovernmental Panel
on Climate Change. f2RAERH & /-0 T EEMERNEB) ZXEEL /-1F
FEWEADILE 5L, J. Env. Eng. AlJ, 76 (666), 735-740.

Ikaga, T., Eguchi, R., Murakami, S., Iwamae, A., Hoshi, T., Mizuishi, T., Kawakubo,
S., Okumura, K. 2011). RS /-0 I EZNER NEB)ZEE
L ==&, J. Env. Eng. AlJ, 76 (666), 735-740.

Johnson, W M., Bickel, K W. (2002). Within-subject comparison of real and
hypothetical money rewards in delay discounting, Journal of the
Experimental Analysis of Behavior, 77 (2), 129-146.

BERAE. (2016). HEKEBE{LXT5KETE. Prime Minister’s Office of Japan.
https://www.env.go.jp/press/files/jp/102816.pdf

Kawashima, K. (2008). EEfMEZ] S| HRDRE, ERARFZRZREHRE
LE. F 1 oM

Kloke, Sarah. (2014). Pay as You Save or Save As You Pay? An evaluation of on-bill
financing models for energy efficiency improvements

Kuga, J. (2016). EEHIEIS|IBEDHEET & R FZESFOREBFI~DE K,
RIRKRFEKWX.

Kuramochi, T., Wakiyama, T., Kuriyama, A. (2017). Assessment of national
greenhouse gas mitigation targets for 2030 through meta-analysis of bottom-
up energy and emission scenarios: A case of Japan. Renewable and
Sustainable Energy Reviews, 77, 924-944

Huang, Hao. (2019). ZEM KB T 2" MBRLH REREKT KB mEINETD
B, FENESER, FHEM. http://www.xinhuanet.com/fortune/2019-
03/18/c_1124246167.htm

Lu, X., Matsumoto, T. (2012). Estimation of CO2 Reduction Effects Due to the Home
Appliance Replacement Policy in China. +RKZF<iHXE, 68 (5), 25-32

METI. (2019). *FiK 30 4EfE = 4 v ¥ — 12 B9 % S0 5. Agency for Natural

Resources and Energy.

Ministry of Finance. (2012). XFEIR (EHRLALMX TR FERZRTESEH
RS EEETINE) B, PEARLMEEEH 2 2R
http://www.mohurd.gov.cn/fgjs/xgbwgz/201205/t20120503_209706.html

Mito, S., Yoshida, Y., Iwata, T., Matsuhashi, R. (2014) Potential for CO2 Emission

Reduction and Measures for Dissemination of Energy-Saving Refrigerators.
71



http://www.xinhuanet.com/fortune/2019-03/18/c_1124246167.htm
http://www.xinhuanet.com/fortune/2019-03/18/c_1124246167.htm
http://www.mohurd.gov.cn/fgjs/xgbwgz/201205/t20120503_209706.html

Journal of Japan Society of Energy and Resources, 36 (3).
MOHURD. (2017). #HTESKEERNAR T=ZL"AX, PEARANEGF

P 2 iR H
http://www.mohurd.gov.cn/wijfb/201703/W020170314100832.pdf

NADS RUC. (2016). FHEZ EREIEIE T 5 IR &(2015). National Academy of
Development and Strategy, RUC.
http://nads.ruc.edu.cn/upfile/file/20160524085312 906914 35342.pdf

National Energy Administration. (2019). E KRR/ XT 2019 £XEB,., HKREB
TEZRBXEFIEM, ExEFRE.
http://zfxxgk.nea.gov.cn/auto87/201905/t20190530_3667.htm

NBS (National Bureau of Statistics). (2017). China Energy Statistical Yearbook.
Department of Energy Statistics, China, China Statistics Press.

Newell, R.G., Sitkamaiki, J. (2015). Individual Time Preferences and Energy
Efficiency, American Economic Review 105(5), 196-200

Oshiro, K., Kainuma, M., Masui, T. (2017). Implications of Japan's 2030 target for
long-term low emission pathways. Energy Policy, 110, 581-587.

Onozuka, D., Hagihara, A. (2015). Variation in vulnerability to extreme-temperature-
related mortality in Japan: A 40-year time-series analysis, Environmental
Research, 140, 177-184

Person, K. (1901). On lines and planes of closest fit to systems of points in space.
Philosophical Magazine, 2 (6), 559-572.

P. Pablo-Romero, M. del, Pozo-Barajas, R., Yiiiguez, R. (2017). Global changes in
residential energy consumption. Energy Policy, 101, 342-352.

Qiu, Y., Colson, G., Grebitus, C., (2014). Risk preferences and purchase of energy-
efficient technologies in the residential sector. Ecological Economics, 107,
216-229.

Rai, V,, Sigrin, B. (2013). Diffusion of Environmentally-Friendly Energy
Technologies: Buy vs. Lease Differences in Residential PV Markets,
Environmental Research Letters, 8(1)

Robbel, N. (2011). Health co-benefits of climate change mitigation - Housing sector
Health in the green economy, World Health Organization.

Schlegelmilch, BB., Bohlen, GM., Diamantopoulos, A. (1996). The link between
green purchasing decisions and measures of environmental consciousness.
European Journal of Marketing, 30 (5), 35-55.

Schleich, J., Gassmann, X., Meissner, T., Faure, C. (2019). A large-scale test of the

effects of time discounting, risk aversion, loss aversion, and present bias on
72


http://www.mohurd.gov.cn/wjfb/201703/W020170314100832.pdf
http://nads.ruc.edu.cn/upfile/file/20160524085312_906914_35342.pdf
http://zfxxgk.nea.gov.cn/auto87/201905/t20190530_3667.htm

household adoption of energy-efficient technologies, Energy Economics, 80,
377-393
Schroder, M., Ekins, P., Zulauf, A., Lowe, R. (2011). THE KfW EXPERIENCE IN
THE REDUCTION OF ENERGY USE IN AND CO2 EMISSIONS FROM
BUILDINGS: OPERATION, IMPACTS AND LESSONS FOR THE UK.
University College London
SIL (2019). 5k 31 FFE SMERMICLDEEDME) 7 + —LZEFX
(Brzh!) /), RIBHAIAZ2 7 F7.
https://sii.or.jp/meti_material31/uploads/brochure07.pdf
Train., K. (1985). Discount rates in consumers' energy-related decisions: A review of
the literature. Energy, 10 (12), 1243-1253
Thaler, R. (1981). Some empirical evidence on dynamic inconsistency, Economics
Letters, 8 (3), 201-207
AR HFE. (2011). BEMIICL2BYDE T A MEER EICOWT (BREaERT A+
L —HAESEI LY —8E) BAEY - TEREEEDBS.
https://www.meti.go.jp/committee/summary/0002015/015 04 00.pdf
Wilkinson P, Armstrong B, Landon M. (2001). Cold comfort: the social and
environmental determinants of excess winter deaths in England, 1986—
1996. London, Policy Press.
Wilson, C., Dowlatabadi, H. (2007). Models of Decision Making and Residential
Energy Use, Annual Review of Environment and Resources, 32(1)
Wold, S., Esbensen, K., Geladi, P. (1987). Principal component analysis,
Chemometrics and Intelligent Laboratory Systems, 2 (1-3), 37-52.

73


https://sii.or.jp/meti_material31/uploads/brochure07.pdf
https://www.meti.go.jp/committee/summary/0002015/015_04_00.pdf

APPEDIX

A TIXEEE 2 A FEO 7 N—T 1230 £,

(A F8aEI5]<— 1]

IN—71:TEL LT1HMY7Z56] OFMICEZ W& ET
IN—72: TELLTI10 TAYU25E6] OFMICEZ W& ET
IN—73: [ET1HM/LIEE] ORMIELTWEEET
IN—7 4 [ET10 TMHEL2 56 OFMIEZ TWelZEET

[B M#E#EE — 1]
TN—71 L7 N—73: %M B1,B2, B3, B4 I[CE 2 CW=i2& £
TN—T2 L T N—7 4 % B5B6, B7, B8 IC&A 2 CW-i2& £

[C ENJE M ~— R]
BT N—THIETT,

74



A=A 8RS
KINNOBEDEREIEAT 27 v r— B TWIZEE £,
KRIEMRHLDTTEHY FEADT, WKEATEFTICTAFOEBETBEALSZS Y,

2]

N—NAFAODRIEE T N—TIZhPNET, Z—7"1 L 2101 O A1~A6 & 7 v—7" 3 L 4107 OFRM Al~A6 3H D £,

& UN—T 1L N—720TDOEMALI~A6 XL, Z—7"11L1 M, Z7Vv—721%10 T TT,

Al Bl Q5,10 HH) OFEL UBSTD L, AT CUBRGEZITIMA ), ZnE b 1 FRAICRRINDISHAZITMO N E RS &
MTEET, EHLONERERRLTIZEN, REL 1FERICHREICR R SNHEZZ T, 100%EHETE b0 LET,

Al OBRMIFEIFIC L > TR K6 Bt 9, FEIEZ L —7 1,3 1X P5 227230, Z0—7 2413 P12 B2,

A2 BREIE A HM,10 51) OEL UAYED E L, 47 CUBLEEZTIMAM, ZThe b 3ERAICRT SN SMEZITIRD NERRET &
MCEET, EHLMERIRL TR, X7 L 3 ERICHEEICHRT SN BEZ . 100%FETE 5508 LET,
A2 OFBENEEEIC £ > TR 6 Bifex £, 36 PT 2B 280,

A3 Hp72iE (15,10 HH) OFELS UAHLY £ Lz, YT 1ERICZTINET, THEZICQ HM,10 TFDEZZITRD 2, S HIEERG
N 1 HFPERAICIRINAFEZITRA N EREZ ENTEET, EHLONEBRIRL TSN, XILIEFEF-o CTHOMEICI RSN L
JHL, 100%EHTE b D& LET,

A3 OFMIEIMRIZEIC L - TiRK 6 Rt E 47, FliT P8 227230,

A4 BR7E (1,10 HH) OF< UANUEY & L, %ReE VERICZ IR ET, 1HEEICA T1,10 TR EZ RS D, S5 1EREG
M 2RI RS N AMAZTIRADERR T ERTEET, PLLNEBIRL T ES Y, & BIC 15> T bIEICIRT SN-EZ
75



AL, 100% T2 DL LET,
A4 OFNIFEZEIC L > TR 6 Bt E £9, FEIILPI 22 E3 0,

A5 B7p72ix (1,10 5H) OFEL UAYD F Lin, YT 3FZICZ TR E T, 34%I2 TH,10 T ZZITERL 0, EHI2 1HFE#G
NH 4 FR)AITIR R SNDFEZITMA PRSI ENTEET, EHLONEBRLTIIEIN, XEDIZ1TFEHFo THOMEICIERINTEEZ T
v, 100%E#HETE 56D E LET,

A5 OFERFNIEIZEIC L > TR K 6 Mt & 9, FHMiE P10 2R 7Z S0,

A6 H7p7ix 1M, 10 5H) OFELS UAYEY F Lic, B@8eIE 3 FRICZ TR E T, 34%I12(1 1,10 TM)EZ TS0, S 5T 3HFE#KEG
DD 6 FERFICIR RSN ZITMANEIRESZENTEET, ELOMNEBRIRL TN, XEIHIZ 3 HFMHfo CHMEEREICIRINT-EEZ T
v, 100%E#HETEL6DE LET,

A6 OFRFNIEIZIC L > TR K 6 Bt & 9, ML P11 22 7E3 0,

® UN—73 LI N—T4mTORMALI~A6  XULF, ZA—73I1X1 M, ZA—7 41310 T T,

Al BHRTFBHETEXLEEOREN > E< WoT, (1M, 10 TROFREEHEE Lz, 53T <EOFREEZITEDL 0, £ e b 1 FERAICETR
SNDEBHEZITWMONERSEIENTEET, EHLHNEZHERLTIEIN, K220 1 FRICHEFZIZIER RINTZEHZZ TR, 100%EHTE 5
Lo LET,

Al OFRNFEIFIC L > TiRK 6 s £7, FEMIZ N —7 1,311 P5 22 7ZX, Z—7 2413 P12 25 7ZX0,

A2 HRRTITAF TEXTEEOREN ) E< Vo T, 1 M, 10 TMDOFIEEHGE Lz, 47 SEOREEZ TS0, Tk b 3 FEEAICHR
SNDEHEZTWMD N RS LNTEET, EHOEBIRL TIEEW, XL 3HERICHEITIR RSN EZ T, 100%EHTE 5
76



LorLET,
A2 OFENIFEZEIC L > TR 6 Bt E £9, FBIL PT 22 7E3 0,

A3 HRTIIEHETEXLEEOEENR > £ 0o T, (LM, 10 TMNOFIREESE Lz, FliiE 1 BRIz ES, 14%I12Q 511,10 5 H)
EZITMDD, EOIEFERG D VPR AR RSN DEEZITMONERAEZ ENTEET, EHLLERINL T EEN, XS DIPHFERF
S THEEIZR RS INTCHEEZZ TR, 100%EFHTEL2HDE LET,
A3 OFMIEEIZEIC L > TiRAK 6 Rt E 7, FMITI P8 M 7ZE W,

Ad HRTIIEBHETEZXEEOEENR > E 0o T, (LM, 10 TMNOFIREESE Lz, FliiE 1 BRIz R ES, 14%12Q 511,10 5 H)
EZTWMDD, EHIC1HEZRGEDND 2R AR AR ESNDEEZITMONEREZENTEET, EHLONERIRLTIZIN, XIHIZ1HFHHF-o
THHEIIR RSN Z TR, 100%FHTE 560 L LET,

A4 OFERIIWIFIC L > THRK 6 Bk S £7, FFlIL P9 2ZMIIZE 0,

A5 BRTIIHE TEZLEHEOREN I E< WoT, (1 HH, 10 TR ORI A E Lz, FIEIE 3 FELICZ RN ET, 3HE%ICQ 7,10 TH)
EZTEDD, SHIC1TEEGEHS AFER) AR TR SNDIBEEZITMODEREZENTEET, EPHLONERIRL TS ZE N, ¥EDHIZ1HEH-
THRERITIR R SN EHEZZ T, 100%EHTE2b D& LET,

A5 OFEFNIMEEIC L > TR 6 it £97, 7ML P10 227230,

A6 HRTIZEHHE TEZEHEOEENR I £ Vo T, (1AM, 10 TMOFRIIEZEE Lz, i s FERICZ IR Ed, 3% HH,10 5H)
EZTEDD, SHIC3EBRGNL 6 FR)AIIR R SNDIHEEZITIWMONEREZ ENTEET, EHOLPEBRL TSN, ¥EBIC3HEMHF-
THMEIRR SN ELZ TR, 100%EHETEL5 6D & LET,

A6 OFMIEMIZEIC K-> TR 6 fliE £3°, FMlIL P11 227230,

77



BT Z =71, 3 M R ALFEH (S A—7 2, 4 MFITESEEZT~TI0HE LTS LSV, BEETILZ O~V OGHA 10FLEHL O PI2ITHERLELE) -
& A1-1 ) 410,000 [ vs 1 4% 10,000 P3<-|
%&nﬁ@%ﬁa::f@r@Ty&~%%%Tb,@W#yﬁ»ﬁm@m@wf<lﬁé“a@

BRATEIEEIT(E AL-2 ) ~e .
T Il 1 [ (5 A1-3 1) 4 10,000 M2 0WM6 3 1 F£HICF T3

LEWLCLL LA I VTTR? €

ER e

15,001 F LA 20,000 =358, 20,001 FHLL_E 30,000 Pk«
30,001 ML k40,000 IR, 40,001 FLL F 50,000 I3,
410,000 [ vs 1 44 11,400 [T« 50,001 LA Ee

., e tigiRe
i \

TR O L o

410,000 [ vs 1 4% 15,000 [«

(5 A1-2 ) «
EEBAFRIEZT GFAL3M) ~, FOHEKRO A2 OFEMICEITLTIES N, «
HEEA S Al-4 1)~
(_l

Parawl -
(5 A1-5 ) « 410,000 [ vs 1 4% 12,600 [T 410,000 [ vs 1 £ 10,600 [«
o
o BETN e TR
(ﬁ'—} A1'6 ﬁﬁ) «
410,000 [ vs 1 44 13,500 [« 410,000 [ vs 1 1 12,000 He £-10,000 [ vs 1 4E# 10,900 [ 410,000 [ vs 1 474 10,300 [«
(_l
T EiR« TEiFiR e i« TR« iR« E-?ée EiR«
(A1'7 H:l «
410,000 9 vs 144 14,500 Fl« 410,000 [ vs 1 47 12,400 [ £ 10,000 1 vs 1 4% 11,200 e 410,000 [ vs 14 10,500 [«
(_l
£10,000 9 vs 1 4E% 12,800 [« 410,000 [ vs 1 4% 11,600 < 4-10,000 [ vs 1 4% 10,700 [« 410,000 [ vs 1 4% 10,100 [«

78



SEE O B kEE —oh T ET. (C Do bOEBR L L 52 TS0,
(5 A1-1 ) vs 14Ef% 10,000 [

(% A1-2 79) 410,000 1 vs Q 4 15,000 [

(%5 A1-4 9) 410,000 1) vs 1 4E#% 11,400 [

(% A1-5 4) 410,000 1 vs 4% 12,600 [

(% A1-6 4) 410,000 1 vs (1 4 12,000 [

(55 A1-7 []) —fctk DORxIH

410,000 M vs (1 4F4% 11,600 [

DELLPEBERL TR T, RO A2 ~

79



(HERAET) Z—7 1. 3 i

X A2 BEH (Z—7 2, 4 )T

AT CI0ME LTS ¢

T

(55 A2-1 [H]) «

410,000 F9 vs 3 % 10,000 [

EARAFBIERE S 2 CRTOT v r— P T L, B 7 M G0N TS | a0, o G Ao )
SREIEA TR ROE Az ) e l 210,000 &I F 3 FRICZIING £ 514 b b
- AL TT? o

(55 A2-2 [H) « 410,000 3 vs 3 4:{% 33,800 e —

@A RIEE T (B A2-30) ~, TOHKD A3 OBRMIZBITLTLIEE N, ¢ 33.801 L | 50,000 [, 50,001 L F 60,000 [Hakii.c
AEBATEFHIIOR AZ4 B~ l 60,001 FIL/_I 70,000 FIE3%, - -, 90,001 L 100,000

ral
(5 A2-4 1)) «
ra]

«

FIA3, 100,001 PLL Fe

4 10,000 [ vs 3 4{% 14,800 [«

(% A2-5[8]) «

410,000 F9 vs 3 & 20,000 [«

o
o E;‘%ATF// \Q‘?jﬁe
(5% A2-6 [H]) «

410,000 F9 vs 3 £ 11,900 [«

PUSeEiSi \

« 410,000 M vs 3 % 24,600 [« 410,000 M vs 3 % 17,300 M« 4 10,000 [ vs 3 #7%& 13,000 [« 410,000 9 vs 3 £ 10.900 e
\@ 2 e ARG T AR FE e E%é@ E e
(% A2 «
410,000 4 vs 3 F4% 30,500 FH« | 410,000 [ vs 3 & 19,100 [« | | 410,000 ] vs 3 &4 14,000 H<‘| | 410,000 F1 vs 3 %% 11,600 M«
« | £-10,000 9 vs 3 £{% 21,000 Fq<-| | 410,000 9 vs 3 % 15,600 F‘%<‘| | 410,000 9 vs 3 4 12,300 FEI<'| 4 10,000 1 vs 3 1F#% 10,300 M«
o

;"/k U)E{{hr'n':] A3 ~¢

80



R0 A3 FEMI (IN—7" 2 A TSR T T I0FLTL/EELY)

1 4 10,000 [ vs 1 4=32#% 10,000 e

A
A BATERIZEEITIZZCRTOT »r— baE T L, BT 7B E D RN T lfiéb Y €
A3

1 4% 10,000 1 vs 1 4E2J5 % 12,200 e

A EEFIT (B A3-31) ~, FO®%KOD AL OBINCBIT LTI ES N, « l

(e E) 22— 1, 3 [t
o
3-1 ) «

4
= AT B I GEE A3-2 i)~
o

(% A3-2 ) «
ik
A 7 18R A T2 B A (5 A3-4 [E]) ~e
o

(55 A3-4 1) «

1 4 10,000 [ vs 1 4£2£4% 10,700 [«

‘y

(% A3-51) «

(35 A3-3 ) «
144212 10,000 F1 & 32 B S 7 1 420 ITHLS & & »
(b LA NTTH?
U
12,201 F1LA4 I 15,000 P, 15,001 F{L4 1= 20,000 P,
20,001 L4k 25,000 PR, - -, 35,001 FIL4_E 40,000 [
A, 40,001 P e

%‘

1 4F{% 10,000 ] vs 1 2% 11,200 [«

1 4F#% 10,000 [ vs 1 42§ 10,300 [T«

(%5 A3-6 [t]) «

\’i%me

14 # 10,000 [ vs 1 2% 11,600 [«

1 % 10,000 [ vs 1 F2F4 11,000 [«

“
(55 A3-Hlt]) «

| 1 4£% 10,000 F1 vs 1 4528 12,000 M« |

E?é:

| 14§ 10,000 1 vs 1 #44 11,100 [« |

ff@/

\

1 F#% 10,000 9 vs 1 2% 10,400 [«

1 4E¢% 10,000 [ vs 1 4F#% 10,100 [«

EL?F\@ e

| 1 4% 10,000 F vs 1 %24 10,600 [«

EI

e

| 14 10,000 1 vs 1 ££2#4 10,200 M«

| 14:1% 10,000 P vs 1 4E 4442 11,300 F« |

| 144 10,000 ' vs 1 52£4% 10,800 M« |

| 1 %% 10,000 M vs 1 444 10,350 M« |

RKOBEM Ad ~e

81

| 144 10,000 3 vs 1 4E2¢# 10,050 <




(Hefptem) ZA—7 1, 3MT R AAZEH (A —7 2 A MITICIEe5EA2 T 2T 10E L TLEE) «

o

(FEALLR ©
HEEATZRIEFILIZZTETOT »r— bafET L, B 7 AT F DT < lf;“é Wy €

1 4% 10,000 [ vs 2 FFi% 10,000 [«

(%5 A4-3[H]) «
114 10,000 2 3Z T HLS 37 2 R ICZ LS & 2 0»l
L biAFXwTT? e
TR e
15,001 L4 | 20,000 [7154, 20,001 124 25,000 )R b,«
25,001 &L 30,000 20, - -, 45,001 L4 50,000 9
1 4E#% 10,000 4 vs 2 47 11,400 [e i, 50,001 LA e

1 % 10,000 [ vs 2 % 12,600 e 1 1% 10,000 [ vs 2 4 10,600 <

Ei%‘ﬂ”f/ \Q‘%w EW \

I A B AT E R I A4-2 [E]) o~

T

1 4% 10,000 [ vs 2 4% 15,000 [«

(35 A4-2 ) <
L BATCRIER T (B A4-31) ~, £TOH%KD A5 OERMITHBITLTI LS, l

A ZIRATIEIEETE Ad-4 )~
«

(55 A4-4 [) «

(% A4-5 1) F

(38 A4-6 ) «

«
«

1 %% 10,000 7] vs 2 % 13,500 [«

1 4% 10,000 ] vs 2 4£§% 12,000 [«

i NE e

N
(% A4-HH)) <

Efé:

1 #{% 10,000 [ vs 2 % 10,900 [«

E?J‘i@ EEIR

1 4% 10,000 [ vs 2 4% 10,300 [«

Ei%é@ & e

| 1 4#: 10,000 [ vs 2 #£#% 14,500 [« | | 1 4F# 10,000 M vs 2 £ % 12,400 F« | 1 4% 10,000 P vs 2 4F 1% 11,200 e | | 1 4E#% 10,000 F vs 2 fF{% 10,500 P« |

| 1 10,000 9 vs 2 4 10,700 H« | | 14:{% 10,000 1 vs 2 % 10,100 [«

| 1 4% 10,000 [ vs 2 ££¢% 12,800 F‘:Ic'| | 1 % 10,000 F vs 2 £ 11,600

KDEM] A5 ~e

82



(fEfpiEe) ZA—7 1. 3miF AL FEM (XN—7 2 A AITICISEEEA T T 10fE L T ES

VY) &

«

(35 A5-1[#]) «

3 4% 10,000 9 vs4 % 10,000 [«

AR BEAFREFRII . D TR TOT vy — & T L, B 7 e
P2 A8 A TRV E R 13O AB-2 [H])~e

o

ERBAITRIEZIT (B A5-3 ) ~. FDH%KRD A6 DF
A5 % A TE B X (R A4 [E]) ~e

o

o

o

o

GEWIRNTL lt“é—;b\n o

(55 A5-2 [#]) «

3 iEf% 10,000 F9 vs 4 4% 15,000 F«

ZRNCEBIT L CTLEEN, l

(85 A5-4 [#]) «

3 4E{£ 10,000 [ vs 4 (% 11,400 e

‘y

(% A5-5) « 3 444 10,000 [1 vs 4 4§ 12,600 [

&«
(38 A5-6 [H]) «

“ 34EH 10,000 [ vs 4 458 13,500 e 3444 10,000 [ vs 4 4642 12,000 e
\@ \FE e JEiRe e
(% A5 o
3 4% 10,000 F vs 4 428 14,500 Fe | | 3 46 10,000 FI vs 4 44 12,400 P |

(55 A5-3 ) «

312 10,000 & SZITHLS 97 4 SEERICZ TS & E 1l

bhbAFIVTER? «

R

15,001 FEA_E 20,000 P, 20,001 FILA F 25,000 P, «
25,001 L4 F 30,000 [, - -, 45,001 [TLA k- 50,000 1]

i, 50,001 8L Ee

AR

3 4% 10,000 [ vs 4 4 10,600 [

i \

3 4% 10,000 [ vs 4 % 10,900 [« 3 4E4%£ 10,000 [ vs 4 %% 10,300 [«

Efé

E e Ei?é\@ e

| 344 10,000 P vs 4 % 11,200 < | | 3 4% 10,000 M vs4 #§ 10,500 [« |

| 3 fF#% 10,000 F vs 4 fFf£ 12,800 F«

| 3 fF#% 10,000 F1 vs 4 £ 11,600 F« |

RDER] A6 ~e

83

| 3 4% 10,000 M3 vs 4 £ 10,700 F« | | 3444 10,000 [ vs 4 &1 10,100 P«




(HeBHEE) F—71,3 miF G A6 FEM (Z—7 2 4 MIHZIEEEAE T T 10 L T{/EE0y) o

A
& A6-1 1) < 3 4% 10,000 [ vs 6 £EH 10,000 e
EEBRAFEBIEFIIZZCETCOT 7 — FEHET L, BT 7A8IcEGhianTd | ZE 0, ¢
I E 3R AL TR ) 1T (B AB-2 i) e (38 A6-3 [H]) «
< 3HEHIC 10,000 M EZTI S 76 FHRICZITHLS & s
(55 AB-2 [1]) « 3 457 10,000 F9 vs 6 £E#% 15,000 Fe bbb TTR? &
FEERARIER T (5 A63 1) ~, ZOHRKOS— |k BIZBITL T EEN, © SR
13RIV B (6 AG-4 ) ~e 15,001 [11L4 | 20,000 745, 20,001 [JLL F 25,000 [ A,
X 25,001 P4 30,000 FI5RiH, - -, 45,001 Pk 50,000 F
(8 AG-4 ) « 34 10,000 [ vs 6 % 11,400 [ Fis, 50,001 ML Ee
i e HiEiHe
(5 A6-5 [H) « 34E{% 10,000 [ vs 6 %% 12,600 o 3 4% 10,000 [ vs 6 4% 10,600 e
o
o J’f_i%*y/ \’iﬁﬁe FEgER \
(55 AB-6 [H]) «
< 34E{% 10,000 1 vs 6 4E§% 13,500 e 34E#% 10,000 [ vs 6 £E4% 12,000 e 34E{ 10,000 [ vs 6 46 10,900 [le 3 4R 10,000 [T vs 6 4 10,300 [

Eféa

| 3 4% 10,000 M vs 6 4% 12,400 [«

.
o E%;{@
(3 AG-HH) <

| 347 10,000 [ vs 6 4F % 14,500 < |

Ei?/ﬂe‘ G Ei%é@ IR

| 3 4% 10,000 1 vs 6 47 11,200 [«

| 3 4% 10,000 M vs 6 & 10,500 [« |

| 3 4 10,000 F vs 6 ££1% 10,700 M« | | 344 10,000 F vs 6 4214 10,100 [«

| 3 4% 10,000 M vs 6 4% 12,800 M« | | 3 4% 10,000 F vs 6 ¢ 11,600 <

A=+ ADEREEIZC c £ ToTTe

84



(HERE TR ) «

(2E) rn—72 40 FREJALFEA (P5 D% 10 L2t o T o

%
I %
«

(5 AL-1 [#])

(3 Al-2 [#]) «

i A TE BRI AT AL-2 i)~

4 AU IZIEEFEILCGE Al-4 )~

S 107 M vs 1 % 10 H e

AR REFIL I CRETCOT oy — FERET L, B A G it < lt“?—fm o

4 105 vs 1 4k 15 e

FEERZBATIRIERL (B A1-3[) ~. FOHKD A2 OFTMIZHBIT LTI IEE N, « l

o

P

o

o

o

(% Al-4 [H) «

(FAL-5[H) «

ty

410 A vs 1 5 12.6 A«

o
E‘%‘V \iﬁiw
(45 AL-6 1) ©

410 A vs 1 Fi% 11.4 F e

% 10 FM vs 1 4Et% 13.5 F M«

% 10 FF vs 1 % 12 HH<

%10 771 vs 1 % 14.5 T«

o

P
Ei%g{@ \GETR E?éi'é‘ R
(5 A1-3H) <

| 410 5 vs 1 % 12.4 TM< *|

(38 AL-3F) «
4 100,000 &2 G 1 EHRICZFIFNL L 2wl b
LA WTTA?
priZiN P
150,001 [71L4_1= 200,000 [T, 200,001 [7L4_1: 300,000 [1]
i, 300,001 ML L 400,000 P55, 400,001 8L
500,000 [, 500,001 L4 e

410,000 [ vs 1 4% 10.6 F e

2N\

410 B vs 1 % 10.9 He % 10 77 vs 1 Fi% 10.3 JTF«

{ -’fF\f Ei%é@ EER

| E?Ja

| 410 M vs 1 11.2 H R | | 410 A vs 1 4 10.5 HH« |

410 A vs 1 8 12.8 J <

| 410 A vs 1 58 11.6 T« |

85

| %10 A vs 1 5 10.7 < | | 410 771 vs 1 4 10.1 7«




_— B[R R]
@ /N—T1L7N—73 T % B1~B4)
Bl FEORBELZBOTHLWVERUENRTE SN LET, ZORREHRT-OFEIEAT S & HF 1 T HONEE
DEHRTEDZ b E Lz, ZOBF=XBEOMEIL S THTEALANOERIZ2»0 £ A, B O HAFEET 10 FF1EE
TY, ZOBERNPIELWVEHE TE25E. HRZITEAZLET» 228, UIEA S FHIE—FELAWTHA I E LET,

=g

AVAY-4

HEE
B
FE1AH

18 : YIHAERS A F DAL

2FE B LRE - BB DETRI D FERE LG,
SFE TIAEN., 6F HUFEDILRE
DERI D DHEEISA Y T

86



B2 R LA TR T, FEOHEEZBO S 5 THOF LWE =2 n % SR OFFETEAT S & EBFE 1 TH O A5
WTEET, B OMFFERIT 10 FRETT, 22 T5 FHOMMEAZ 5 TKIbP, H4E 1 FHPORFET S 0EHO RS
5EBEZTIEIN, ZOHE, MO 5 FRITE = XL OBAIZ L > THK Lz 1 THOXBEZZ D FE £ HEHOOIFAN
ICHTDHI LR, AT DT FAOHBBIIZLD Y A, BFEK X 6 FHLURIIEF 1 FHOMEERGET, HHL
WOEHE FEEHIE R L LET, ZOEHRPIELV EHEETE L5, HR7TIEIO L I RnEHNTZORMMZIEA L £570 2
(A
VAV

SEIA L S g
) H4
FALAF 1A

1 E~540 : RRBOFIHT, O—> FEH
64F B LU © SLEAE OETHI ARSI

87



B3 FEORBELZWOTHLWVERUENRTE SN LET, ZORREHRT-OFEITEAT S &, FHF 1 T HONEE
MEFKITED Z BN DNY F L, ikl 5 HTHATERLUSNOERIT 00 £ A, S OMAFELIL 10 FRETT, 222 0H
fnDE A K > THEEROWECIRIEOZNRIC L 0 | DRA, MILER B ERRO PRI H D & LET, 4/ 1000 A2 1 A
DHEHFRZ, 1 TN 1L ANDHERIZIEO THIRENH D ERDN->TWVHELET, ZOERPIELWVWEHEIETE 256, b
FZORGBOALZ LET 2 o, IHIEMH 5 TIT W TIHA S & LET,
=LA
INAY-4

Bfim D
FBhxh R

TCRE
0k
FMA1AA

1F8 : YHERS A FH DXL

2FEB U - ERE DB D ERLE M,
SF TIHEN., 6F HUFEDICEE
DETIDDFIZRICA Y £

88



B4 Fif & [F CIRW T, EEONEE LT 5 THOH LWET X, Z SR OFREITEANT H & HF 1 I ONEE A Hi
MexFET, WROMAFEIX 10 FRETT, ZZ2C5 FTHOMMEMA* —fETXHhbd ., BF 1 T OEET 505
bHEEBEZTLIEIN, ZO%HE, & 5 FMITE = HEOBAIC L > THIR L7 1 THONEE %% 0O F £ 5EFNNO S
WIZHTDHZ LI, BATARTEFHOHBEFEIIZDY A, WFEEKZTZ 6 EALIRIIEE 1 THOFKESET, &
INDOEFE FEEHI T e & LES, 7272080 K-> THEEEROWEBSRIEOZNRIC L0 . RE, KN RER EF
[OTHERH D L LET, FR 1000 A2 1 ADFETEFREZ, 1 HTAIC 1T AOFEERIZHESTHIRNH D ERbhoTnD &

LET, ZOHERPIELWVWEIETEDIRE. HREIZZOL I RSEHNTZ ORI ZA L £
A

[ AVAY-4

el

wan—ETNA HEE
BE k)
FE1AM FHEL1AH

1FH~bFH : XRABOEHNH T, A— Y &2 IRF
6FEB U : EABEDETN DD FIZRIC

89



@ J)IN—T72 L7 —T74mF X B5~B8) %/ /—7F 1, 3E0E WL, &80 1 7/ » 110 /M. 5 5H 2 150
FH] CEDHHRIET T, bEIFT TR LT,

B5 FEOABEZWOTH LWE RN INTELET, ZOMMEHRTEOFEITEAT S L, HF 10 JTHOLEL
BRHRTEDLZ RN £ L, Wik 50 FHTEALNOE HIZ»n0 £ A, "EOMAFERKIL 10 FRE T, Z0%F
WHRELWEHEETEX5E. HRTF-IEFEHMAZ LETH 2728, ¥I#EH 50 THIZ LW T D & LET,

=LA

AVAY-4

TR
£
F/1075HM

1F 8 : WEAE RS0 M O SFA L

2B LI : BB O ERL0F M,
bETITHEM., 6F BLUUEDEE
DERI DD FIZRICH Y £

90



B6 il & W CHRIL T, HEOHBE 2 ST 50 FHOH LWE TG E HRT-OFREHEAT L5 & BF 10 5 HOLEAE R
iR cE 9, "MEOMAFEET 10 F-RE T, 22 T50 FHOHE 2 —f b, BF 10 HHTOBHET 5 EHA
WD EEZEZTLIEEN, ZOBE, BAIO 5 EMITE = A OBAIZL > TER L 10 THONEE 22O F E5EHVOX
BNZHTD ZLI22 Y AT 20 RO MBI D ) £ A, B & &2 T 6 4 H UBITEE 10 SIORE2HET, 4
EHNOAF L FHEHIP E & LEF. ~ OBEEATE L EHETX BBE . HATILI 0L 5 RS EHN T = Ofl R 2 IEA L%
T2

=4

AYVAY-4

SaARAIETN A SN
B 9
F/1075F3 /1057

1 E~5% 8 : RABOSHH T, A— v &EH
64 H LURE 1 HEE DEIINHAISIC

91



B7 FEOKRBEZWOTH LWE AN SN LET, Z0o-LEHRT-OFEITEANT S &, BF 10 THOKE

NHIFITE D2 Embny £ L7z, flikix 50 EP%’G%%LH%@%H%&iﬁv% D EHA, BEOMAFERIT 10 FRE T, 722
@%&@%J\ ZE o THEEROWBCRIEOZ R LV | DR E, BME R B2 ERROTHERSH D & LET, 4 1000 J\ Iz
1 ANDFLTHEE, 1 AT 1T ADFETH| ﬁ%#@%ﬂ%é ERDLMPoOTWNDHELET, ZOFEBRPELWVWEHETCELILE. &

RIZIZZ OO Z LES 22 7B, WA 50 HIE AN TIA Y & LET,
(=

AYAY-4

IR D
RdIEIE S

By
FHI10AM

18  ¥HERAS0 M D FA L

20 B LI © BB DO ERL105 M,
SEE’CJEZ‘)\HWL 64 B LU DI EE
DEFIDHDFZRIZHR Y £

92



B8 Aiiffl & Al IR T, FEEOKEE ZH ST 50 THOH LWA =R BN E H 2T OFFEIEANT H & BF 10 THOREE N
Hi T 7, MEOMAFET 10 FRE T, 22 T50 FTHOYMERZ —fET3hbT, 8F 10 THT2IEET 505
WD EBEZTLIEIN, ZOHE, &Y 5 FMITE = B OEAIZ L > THiK L7z 10 THONEE %% D £ F0EFV DK
FNMZHTHZ L2, AT IR EFHOHERIILDY A, BEEK T 6 8 LRI ES 10 THOFIEE5EET, 7
FHNDOEF & FEEHI P e & LET, 72772 0RO AL L > TELEROMEIRIEOZRIC L v . DR, Mg ERR L
RO TR S D & LET, #1000 A2 1 ADFELTRZ, 1 HTAIL 1 ADETRITHES TREHDH Z Do TS &
LET, ZOFRPELWVWEHECTEZEA. RTIEZ0X ) BROEHNTZ R ZBA L E T2

=LA

INAY-4

IR D
F B 5h R

2 EEA L gk~
BF B
FfE10AH FEI105H

1FEH~558  XREBEOENA T, B—rZ2iRE
64 HLURZ : SCRE DEIRI 2D HZRIC

93



=k C [MEANEMEE]
KEEMICHOWT, ASHEOE =2 —RIETHEHRD Y OLGEITEMZHIRTE
VL ET,

C1

C2

C3

C4

I

C5

Cé

Hil-OMRZBEALTES W, Bt &tk

DIRTDFMZ BEZSTZEN,
IR

BEEFVOERERFRZEEZTZSW,
IR

FIFEERZE BEZ K TZE 0N,

LHE 2 K2 N 3RIEOASN EH L D 2 AR

4 BRI By CGRim) LBl & o 2 AU 5 BorCGRim) &7k 2 fHAUHESS

6 HoOdm) & ikl fr e o 3 7 B0 LB L ke o 3 AR
8 ZDfl( )

BRI OEEEBEZ TS,
A ket
L EEs

EAEESr e S

HRTZOBEENDZA T EBEZLTEE N,
— I TFR)

—FRETER)

HHEEEFRR)

HAFEED

Z DO(EAREYIT: )

94



C7

C8

HHAENEA TR R 2 BE LS

1.200 HHARIG#  2.200~300 AT 3. 300~400 J7 AR

4 .400~500 /7 AN 5.500~600 AN 6. 600~700 J7 A
7.700~800 J7 AT 8.800~900 AN 9.900~1000 J3 FI A
10.1000~1250 5 &I 11.1250 J7 [~1500 J7 A 12.1500 7 FILL E
13. b7y« Z R T2 72

TERRICRET 2R OAEZBEZ S TZEW,
T LIV X
T L —PERE IR
e LR AR

<K

i . 77 % £
HEAR A &
& M 57
FEARR A B LA

AT LRI

CY9 HELRI-of#H T, XhoTnbo—r OFELZBEZ T,
1 BEHY (m—r OFffkE - )
QBEICHST=DNEBEITR L (m— 2 OFfEE - )

3WMEIZHBIEIZH 220

95



C10 BT 13T 2 BEDEICAR—V 2T AHELZBEZ S0
1 #HemEE

4~5 [A]

2~3 [A]

1 IR

L7

=

5

2
3
4
5

Cll &H7e7=D—H O FHORERIFH 2 BE 2 < 2& W
1 9L
2 8 IRFfH]~9 IRFfH]
3 7 RFfE]~8 K]
4 6 WFfE~T KREfH
5 5 IRFfH~6 IFfH
6 b5 HFHIA

96



Cl12 LUTFTOHEBIZHOWT, HR7ICHKRLUTUIELILDOERATLIIE I,

&

=

=

' f

HERIR LB IC O W T X CH -
Tw3

T LR BB ERE ST R DD L
D CAL AR S N B 7 HEH R
KThdZtrEH->Tn5,

HERIRIEL K & L C oY) 8
WDOWTHI > T 5,

1> HoHEDENHEEZIEL
fb‘z)o

= =)

PLYTITE S

97

EobThH -

YA

PRYTEFEL RN

VTEELRW



10

11

12

fldl N DB T A4 85I 3BT R D
G eFE b LITL W EEL L

N
B,

FeEE 1Fak BE XD R E LB A~
DEEEZAINELLEES,

X7 — %S L XiTE, Hik~y
FaEFo720, HHARICE D IR
EACL 2 X HiIcLTw3,

B I D7z A D EE %A
ZBMEDNDH D ERE D,

BILA DD WEDRE ML 28
ErHLZICLTWwS

fio Tz WilEDORIHZ I L T
w3,

P AR R, BB S ~ L (a5
NNA) BB Db DRE T A VERED
WS EET 5,

ATHEZRR 0 | AR IC HiEE e a3
Gl | kg G

98



' f

BITE, RIRRICZf@fc® 2,

BIfE, KM i2fiEcbd 3,

1H 3 BHHEIEL L BFEEZ LT

BHETRREBANTVAEZEZTW
%o

EWIRIC AT & 2 DB % 1T > T
%o
RERICIIFREZTLLoICL
TWw3,

WERRIRFfE] (3 Fe 72 & 8D

fEROE ZEm e,

BTEEE YT

99

EobTHR -

G305 7R\

PRYTEFEL RN

YTIEESLRW



10

11

ENOEEDEAIT D W TR
S,

f#HE %5 2 C, Bz o b Etic
HEL T3,

100



