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Abstract

It remains a paradox that Nigeria, rich in energy resources, suffers from severe energy

poverty. It ranks second in the world with the number of people without electricity,

meaning that most of its citizens rely on dirty traditional energy sources. Also, the

vast majority of households connected to the grid experience incessant blackouts

and voltage fluctuations. To tackle this problem and following the World Bank’s

recommendations, the government has made some policies that encourage private-

sector-driven renewable energy projects. However, rural and urban households are

heterogeneous in socio-economic composition and energy demand. Thus, an effective

policy should consider these discrepancies, which can be investigated through stated

preference techniques.

The first chapter contributes directly to the World Bank’s private sector-driven

“Lighting Africa” program, which aims to provide clean, modern, and affordable

electricity to 6 million Nigerians living in rural and peri-urban areas and to reduce

greenhouse gas emissions by 120,000 metric tons. Households want to transition to

clean energy but cannot afford the upfront costs. They have long waited for the

government to solve their energy problems, to no avail. Rural households’ energy

status can be improved if companies offer them an installment plan to acquire clean

energy technologies. Thus, we provide evidence about how much money households

can afford every month, how long it will take them to complete the payment, and

whether such a payment plan is viable. We employ the contingent valuation method

(CVM) to elicit willingness to pay (WTP) for pico-photovoltaics and improved

cookstoves. We find that 92% and 80% of households are willing to pay $2.86 and

$2.15 for pico-PV and improved cookstove per month, respectively. It will take

only eighteen and nineteen months to complete the payments of those technologies.
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Moreover, adopting these technologies would save each household $60 annually, on

average. Furthermore, our cost-benefit analysis shows that it is viable to invest in the

technologies even at a higher discount rate of 16%. To bolster investors’ confidence,

we provide a model that would ensure accountability. We also show that the models

that account for inter-dependent demand based on language clusters produce more

robust estimates.

In chapter two, we focus on urban households. We show that as the world

clamors for reducing the global carbon footprint to tackle climate change, Nigeria,

as a country, is well placed to make a significant impact. Since the country has

abundant sunshine year-round, off-grid solar PV would produce the cheapest and

most sustainable power. As the number of companies that deal with off-grid solar

PV systems grows in Africa, it is vital to investigate households’ preferences and

financing options. Although the government has declared its support for a market-

driven off-grid solar power transition, little has been done regarding financial policy

incentives. An effective way to help households would be to provide them with a

solar PV subsidy and installment system. Thus, like the first chapter, we utilize the

CV method to analyze households’ willingness to pay for a solar PV system under

four scenarios - (i) WTP when a solar PV is complemented with a generator (ii)

WTP when a solar PV completely displaces a generator (iii) WTP when a solar

PV is complemented with a generator, plus a subsidy and (iv) WTP when a solar

PV completely displaces a generator, given a subsidy. We find that overwhelming

64% and 70% indicated a positive WTP for solar PV in the first two scenarios.

Although the figure declines by one percent (63%) in the third scenario compared to

the first, it increases significantly when a 20% subsidy option is given in scenario

four (76%). The monthly mean WTP values in the four scenarios are $9.53, $11.04,

$8.76, and $14.58. Our cost-benefit analysis shows that solar PV investment under

the installment option is a win-win venture between households and investors. It

would save families $72.81 annually. However, we also find that Nigerians have high

discounts for the future, which may give further insight into why there is a slow

energy transition in Nigeria.
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Chapter three uses choice experiments and contingent valuation techniques to

quantify the attributes of environmental tobacco smoke (ETS) health risks, focusing

on generating cross-country comparisons due to heterogeneous healthcare systems.

We hypothesize that agents in different healthcare systems (private and public)

would differ in health risk valuation. We find that U.K. respondents are indifferent

(neutral) to a potential policy that would give a monetary payoff to nonsmokers

as compensation for ETS exposure. However, the opposite is the case among U.S.

respondents. We further find that U.S. respondents are more “health risk-averse”

than their U.K. counterparts. Furthermore, there is a consistent gender difference in

the valuation of health risks regardless of the healthcare system. Thus, this study

uncovers a new dimension of health risk-related behaviors lacking in the literature.
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Chapter 1

Energy Poverty among Rural

Households: What can be done?

1.1 Introduction

About 10.4% of the world’s population, 8.4% of South-Asians, and an overwhelming

52.3% of sub-Saharan Africans lack access to electricity (IEA, 2019d; World Bank,

2020a). Around 40% of those who have access are “under electrified - less than

12 h of grid power per day” (World Bank, 2019e). Rural households are the most

vulnerable. In sub-Saharan Africa alone, about 82% of the rural population relies

on traditional firewood cookstoves, kerosene lanterns, and candles for cooking and

lighting (IEA, 2010c; WHO, 2016a; World Bank, 2019e).

The IEA forecasts that the number of people using traditional cookstoves world-

wide would increase from 1.7 billion in 2010 to 2.8 billion by 2030 (IEA, 2010c). The

agency also estimates that death from this would be over 1.5 million every year by

2030 due to air pollution. Currently, 3.8 million people die from illness related to

this, and among these deaths, 27% are because of pneumonia among children under

the age of five; 18% are due to stroke; 27% as a result of ischaemic heart disease;

20% due to chronic obstructive pulmonary disease (COPD); and 8% are due to lung

cancer (WHO, 2018b).

This study focuses on Nigeria - the most populous and largest African economy.

More than 43% of the population (87.4 million) lacks electricity access. As a result,
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about 58% and 57% use kerosene and firewood for lighting and cooking. In total, only

10% have access to clean cooking technology (IEA, 2017b, 2019a; World Bank, 2019e;

WHO, 2020c). Nigeria’s energy demand is about 98,000 MW. However, around 4,000

MW is generated to about 110 million people connected to the grid compared to

South Africa’s 51,000 MW available to about 52 million people having access to

electricity. Nigeria’s energy profile shows that the country has about 12,522 MW

installed capacity and 8,100 MW transmission capacity (USAID, 2020).

Each year, between 80-88 million m3 of woods are consumed. Around 80% is used

as firewood by households, causing deforestation projected at 350,000 to 400,000

hectares of forest land per year (FME, 2006a). Besides, families spend a significant

amount of time collecting firewood from the bush with attendant economic, physical,

and psychological consequences. It takes women and children between four to six

hours to raise enough wood for a day’s meal (Kersten et al., 1998). Although the

three-stone fires’ energy efficiency is less than 10%, most households continue to

use them due to financial constraints (Kennedy-Darling et al., 2008; Urpelainen

and Yoon, 2017; Abdul-Salam and Phimister, 2019; Grimm et al., 2020). As a

result, women and children are exposed to daily lethal fumes in poorly ventilated

kitchens, responsible for many deaths (Sovacool, 2012; Birol, 2015). More than

64,600 people die from this annually in Nigeria, which is the highest in Africa (CCA,

2020). Figure 1.1 below displays pictures from the field to illustrate lighting and

cooking items used by rural households.

Development and donor agencies such as WHO, USAID, UNICEF, World Bank,

JICA, including non-governmental organizations, the national government, and

companies, are making efforts to curb energy poverty in Nigeria by using renewable

energy. Companies like the GreenVillage Electricity (GVE) Projects, Havenhill

Synergy, and Rubitec Solar provide electricity to little rural household clusters

through various capacities of mini-grid solar PV projects. In turn, households pay

between $3 and $4 per month subject to usage. Despite this, Nigeria still has less

than 30 megawatts of installed total off-grid solar PV capacity (Business Day, 2019).
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Some of the challenges are lack of economic incentives to invest in rural areas,

multiple and high duties on renewable energy technologies, lack of policy synergy

by various government agencies, corruption, and infrastructure problems (Aliyu

et al., 2013; Ajayi and Ajayi, 2013; Business Day, 2019). Other factors are limited

political will to implement policies and insufficient funding for extensive research

and development.

Apart from the consensus in the literature that rural households face credit

constraints, other factors such as lack of information about alternative energy,

myopia/shortsightedness, where agents undervalue clean energy, beliefs and stereotype

about conventional energy sources, also hinder the energy transition (Newell and

Siikamäki, 2014; Allcott and Wozny, 2014; Gerarden et al., 2017; Akintan et al.,

2018).

Pico (small) PV of about 5 kilowatts and improved cookstoves (ICS) displayed

in Figure 1.2 can contribute to solving the energy challenges of rural households

in Nigeria. Survey evidence in India, Ethiopia, Tanzania, Mozambique, Senegal,

and South Africa shows that these technologies meet rural households’ basic energy

needs (Roy and Jana, 1998; Johnson and Takama, 2012; Kooser, 2014; Jeuland et al.,

2015; Bensch and Peters, 2015; Maré and Annegarn, 2017). Rural households need

not wait for the rural electrification program, which can take several years (van der

Plas, 1994).

Adopting pico-PV would enhance the learning outcomes of children who struggle

with school assignments in poorly illuminated homes. ICS and pico-PV improve

energy efficiency and welfare (Adegbulugbe, 1991; Thiam, 2011; Furukawa, 2014;

Chamania et al., 2015; Grimm et al., 2017). The technologies are easy to deploy

and would save households from daily exposure to lethal fumes, burns, and untimely

death. ICS reduces deforestation and the amount of time spent collecting firewood

because it requires fewer wood compared to the traditional three-stone fires (Obeng

et al., 2008; Adkins et al., 2010; Grieshop et al., 2011; Shankar et al., 2014; Birol,

2015). Regarding emissions, it is estimated that the use of clean stoves would save

at least 10,000 tons of CO2 emissions annually (FME, 2019b).



4 Energy Poverty among Rural Households: What can be done?

As part of the United Nation’s goal of promoting sustainable and affordable

energy; the West African Clean Cooking Alliance’s objective of providing ICS to

80% of the region’s population by 2030 (NACOP, 2016b); complemented by the

World Bank’s Lighting Africa program, this study adopts a market-based approach to

investigate how rural households could relieve themselves precarious energy poverty

if offered an installment plan. A body of literature shows that this method increases

uptake in some African countries (Johnson and Takama, 2012; Lensink et al., 2017).

Although the upfront costs of pico-PV and ICS hinder transition, consumers at

the base-of-the-pyramid would spend more on traditional energy sources than on

the technologies in the long-run (World Bank, 2019e). For example, a government

agency, REA (2017b), reports that most rural households spend more than $6 on

kerosene, candles, or battery-powered torches every month.

Despite clear evidence that households in Nigeria suffer from energy poverty,

many studies focus on the country’s renewable energy potentials and energy poverty

determinants (see, for example, Adegbulugbe, 1991; Ajayi, 2009; Adaramola and

Oyewola, 2011; Ajayi and Ajayi, 2013). There is no attempt to investigate ways to

improve rural households’ energy welfare pragmatically to the researcher’s knowledge.

This study is the first to show how the most vulnerable rural households’ energy

status could be improved. It is the first to analyze the complete aspects of energy

poverty and provide evidence about households’ willingness to pay. This gives insight

into households’ purchasing powers and makes it possible to understand how they

value those technologies. Moreover, because the majority of the rural households are

income poor, it would help determine the best payment option. Besides, the WTP

values will be extrapolated to the total rural households to inform future energy

policies. Understanding households’ willingness to pay (affordability) and energy

preferences would guide policymakers in designing policy interventions to address

the peculiar nature of rural households’ energy challenges, including providing a

conducive environment that encourages businesses to invest in rural Nigeria.

Furthermore, it is the first to give insight into the costs and benefits of investing

those technologies. Businesses would like to know how long it takes to recoup their



1.1 Introduction 5

investment. They also want to know whether or not it is feasible to invest in those

technologies. We investigate the predictors of willingness to pay for pico-PV and

ICS. This provides insight into factors that drive the adoption of the technologies.

In addition, we explore households’ perceptions and attitudes towards the energy

transition.

On a more technical note, for the first time, interdependent demand based on

language clusters of respondents is incorporated by clustering the standard errors at

this level. Interestingly, the models produce more robust estimates than clustering at

the individual level. It has been shown that agents adjust their preferences depending

on their location and interactions with others (Pollak, 1976; Case, 1991).

From now, the paper is organized as follows: In section 1.2 we discuss rural-

specific energy policies and then give the government’s energy targets and actual. In

section 1.3, we provide a brief overview of the existing literature. Section 1.4 contains

the general methodology, the questionnaire, sampling issues, and the econometric

models. We then proceed with the results and discussion in section 1.5. Aside from

providing the WTP from various models, we estimate the WTP of different categories

of households. Providing the distribution of WTP that way would help to guide

prospective investors. Still on this, we analyze the cost and benefit of investing in

the technologies. Furthermore, in section 1.6, we develop an investment model of

accountability and transparency. Finally, we present some conclusions and policy

implications in section 1.7.
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Fig. 1.1 Conventional Energy Sources in the Place of Study
Source: Author

The first image is a kerosene-powered locally-crafted lamp. The last two in the first row
are battery-powered small hand-designed LED torches (in some households, children scout
for used and disposed batteries in the neighborhood). The first image on the second row is
a dead matter from a palm tree. It is lit at night and dropped on the ground to illuminate
the entire vicinity. Next are three-stone and mud fires, respectively.

Fig. 1.2 Alternative Technologies Presented to Respondents
The two images are the Sun King Pro solar lantern and Zoom Versa charcoal (and
firewood), respectively. Image credit: greenlightplanet; Ecozoom.

https://www.greenlightplanet.com/shop/
https://ecozoom.com
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1.2 Background: Rural Energy Policies

Noting the role of energy in nations’ growth and development, the federal govern-

ment, in its quest to improve rural electrification had in 2006, created the Rural

Electrification Agency (REA). It emanated from the National Energy Policy (NEP)

of 2003 and the unparalleled reform of the power sector in 2005, as contained in the

Electric Power Sector Reform Act (EPSRA).

The NEP underscores the fact that Nigeria is endowed with abundant energy

resources more than many nations. The primary resources are fossil fuels like crude

oil, natural gas, tar sands, and coal. The renewables are solar, hydro, wind, wood, and

biomass. Despite these, oil has continued to be the primary generator of government

revenue up to 86% since the late 1960s (OPEC, 2020). On the other hand, firewood

remains the dominant source of total energy consumption around 50% with enormous

environmental impacts such as desertification and erosion. Thus, the policy aims to

diversify the energy mix, ensure adequate and sustainable energy, increase investment

in energy research and development, increase private sector participation in the

energy industry, foster continental and global cooperation in energy development

and trade. Furthermore, it aims at aggressively integrating solar energy into the

energy mix, promoting the manufacture of solar technologies locally, and developing

the domestic economy. The government intends to achieve these through massive

investment in training and developing local human resources, and providing fiscal

incentives to solar energy companies (ECN, 2003b).

The 2005 power sector reform was a complete overhaul of the industry, setting

the privatization scene. Before 2005, the power sector (generation, transmission,

and distribution) was solely owned and controlled by the federal government under

the Nigerian Electric Power Authority (NEPA). However, due to its inefficiency, the

government, through the EPSRA, transferred NEPA to a holding company - the

Power Holding Company of Nigeria (PHCN). The power sector was unbundled into

six private generating companies, eleven private distribution companies, and one

transmission company still owned by the government. The Act created the Nigerian

Electricity Regulatory Commission (NERC) in October 2005 to regulate, set tariffs,
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and issue licenses to independent power producers (IPPs) intending to produce up to

1 megawatt. However, a permit is required for a capacity between 100 kW and less

than 1 MW. The PHCN completed the privatization process in 2013 and then ceased

to exist (FRN, 2005a). It is worth mentioning that a permit is not required for a

capacity of fewer than 100 kW (REA, 2020a). However, companies must register

with appropriate legal bodies such as the Corporate Affairs Commission (CAC).

The Rural Electrification Policy (REP), formulated in 2005 and launched in 2009,

defines the federal government’s goals, objectives, and rural areas’ policies. The

policy outlines procedures and rights for energy actors, including rules that guide

the rural energy market. It shows that different government agencies such as NERC

and REA should collaborate to implement the policy. At the same time, it defines

their respective responsibilities. The policy further states procedures for providing

subsidies. It stipulates that subsidies would promote solar mini- and off-grid systems

to ensure the expansion of energy access (FMPWH, 2016).

The framework and strategy to implement the ESPRA and REP are contained

in the Rural Electrification Strategy and Implementation Plan (RESIP) approved

in July 2016. The RESIP promotes 100% private sector-driven rural electrification.

The government plans to achieve 75%, 90%, and 100% electrification in 2020, 2030,

and 2040, respectively. Achieving the 2020 target means that 1.1 million rural

households needed to be electrified each year from 2015 to 2020. Furthermore, to

achieve the 2040 target, 513,000 rural households would be connected each year

from 2020 to 2040. The government proposes that these targets would be met

using mini-grids and stand-alone solar systems. It encourages using the least cost

method and more sustainable ways to displace the use of dirty alternatives such as

generators, kerosene and oil lamps, and candles. It aims to reduce harmful indoor

smokes and environmental degradation. It promotes rural economic development to

reduce rural-urban migration (FMPWH, 2016).

The 2005 reform Act also created the Rural Electrification Agency (REA) on

March 16, 2006, as an affiliate of the Federal Ministry of Power and Steel (FMPS).

This agency is responsible for implementing the government’s rural electrification
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policies in the REP and RESIP. It is responsible for promoting and coordinating

projects using the Rural Electrification Fund (REF). The agency sees to it that

Distribution Companies (DisCos) carry out their obligations. It promotes and

supports private and community-based solar mini- and off-grid stand-alone systems.

It campaigns for reliable power to rural households regardless of location and economic

status. The REA plans to electrify 300,000 households and 30,000 local businesses

via mini-grids. As a result, private developers are encouraged to compete for a

$150 million subsidy grant and a $350 performance-based grant per connection. As

per solar home systems, the agency encourages providers to target households not

connected to the grid. It provides output-based funds to firms of about 20% of the

cost of each installed PV system. Solar energy companies must sell at least 150 PV

systems per month to qualify for the grant. Furthermore, a market scale-up challenge

fund is available for companies that seek rapid expansion (REA, 2020a).

Aside from domestic policies, Nigeria is swift at buying into international energy

policies. Soon after the UN launched the Sustainable Energy for All (SEforALL) in

2011, Nigeria adopted it in August 2012. Following this initiative, the government

outlined ambitious energy access and transition targets. The use of conventional

firewood cookstoves is targeted to decline by 50% in 2020 and 80% by 2030. One of

the targets is to increase grid electricity supply to 32,000 MW by 2030, of which 20%

hydroelectric; 19% solar power; 2.5% wind energy; and 3% biomass. The government

aims to increase total electricity (on-grid, off-grid, and self-generation) from 23.5

GW in 2020 to 45 GW by 2030. The share of on-grid is projected at 48% in 2020

and 70% by 2030. The country plans to produce 5,300 MW power from on-grid

renewable energy in 2020 and 13,800 MW by 2030. Concerning energy efficiency,

40% and 100% are meant to be achieved in 2020 and 2030, respectively (NACOP,

2016b).

1.2.1 Renewable Energy Targets

The government formulated the plans and targets presented in Table 1.1 and approved

by the National Council on Power (NACOP) on July 14, 2016. Overall, 75% and 90%
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of Nigerians are estimated to have access to electricity in 2020 and 2030, respectively.

It is projected that stand-alone renewable energy systems would serve 4.7% and 5%

of the rural population in those years. However, World Bank data shows that about

43% of the total population do not have access to electricity, and 69% of the rural

population.

Table 1.1 Government’s Off-grid Targets

2010 2020 2030
Share of population served by electricity services (%) 40 75 90

Share of population connected to the grid (%) 30 70 80
Share of rural population served by stand-alone RE systems (%) 1.8 4.7 5

Share of rural population served with (mini-grids and stand-alone) RE (%) 1.2 25 40
Share of rural population served by RE and hybrid mini-grids (%) 2 5 10

Mini-grids powered purely by renewables (MW) 0 180 5314
Mini-grids powered by hybrid systems (MW) 0 4 171

PV and Pico-hydro rural systems (MW) 0.2 3.5 60
Total Off-grid RE installed capacity (MW) 0.2 187.5 5545

Source: Adapted from (NACOP, 2016a, p. 9,13,17)

Regarding clean cooking fuels and technologies, the government envisages that

40% and 59% of Nigerians adopt ICS in 2020 and 2030, respectively. At the same time,

5% and 7% would use efficient charcoal technology, respectively. However, available

evidence shows that 90% of households still rely on dirty cooking technologies (WHO,

2020c). The Nigerian population without access to clean cooking has been growing

exponentially since 2000. Nigeria records massive deforestation responsible for

erosion, flooding, warm temperatures, and desertification. Rural households who

depend primarily on crop farming and fishing are impacted the most. Thus, there is

widespread food insecurity, rising prices, conflicts, and poverty.

1.2.2 Stylized Facts of the Study Area

Nigeria’s GDP and GDP per capita stand at $397.27 billion and $2,028.18, respec-

tively (World Bank, 2020b). The country is second to India with the highest number

of people without electricity (IEA, 2017b). This study was conducted in Ebonyi

state located in southeastern Nigeria. Ebonyi was chosen because it is an extreme

case of energy poverty (see Sanusi and Owoyele, 2016; Monyei et al., 2018). Thus,

the findings of this study can be extrapolated to other rural areas in Nigeria.
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Table 1.2 presents the stylized facts of Ebonyi state. It has a confirmed population

of about 2.5 million, of which little above 50% are females based on the last 2006

census. The average household size is nearly 5. The number of households is about

400,125, which is 1.59% of the nation’s total. Besides energy poverty, the vast

majority of Ebonyi residents suffer from income poverty. The proportion of urban

households living in income poverty is 21%, while it is 75% in rural areas. This is

substantially higher than the national figure of 53.3%. This is based on the World

Bank’s poverty headcount ratio at $1.90, a day (World Bank, 2020d). Ebonyi state’s

GDP per capita is $1,232. This is about half of the national GDP per capita.

The agricultural sector alone employs up to 73% of the labor force in Ebonyi.

Only 0.7% of households earn income above N80,163.55 ($221.45) per month. The

unemployment rate is about 21.1%. Nearly 50% of households do not have any toilet

facility. The majority (40.2%) depend on the tube well and borehole for water. The

main sources of energy to the vast majority of households are kerosene and firewood.

An overwhelming 83.6% of households rely on kerosene for lighting. Regarding

cooking fuel, 83.3% of households use firewood. These are 25.6% and 26.3% higher

than the national figures, as presented in section 1.1.
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Table 1.2 Stylized Facts of Ebonyi State

Male Female Total
Population 1,221,718 1,277,554 2,499,272

% of national pop. 1.5 1.6 1.5
Urban Rural Aggregate

Average household size 3.9 5.4 4.9
Number of households 167,794.4 232,330.6 400,125

Households in poverty (%) 21 75 76
Employment (%) Agriculture 73

Distribution of monthly household income (%) greater than N80,163.55 0.7
Unemployment rate (%) 21.1

GDP (PPP) (billion) $2.7
GDP per Capita $1,232

Under-five mortality rate (%) 75.67
Toilet facility (%) None 49.9

Pit latrine 19
Flush toilet 5.7

Toilet on water, bush, etc 25.4
Water source (%) River/stream/pond 38.7

Tube well/Borehole 40.2
Pipe borne/Tap 6.5

Dug Well 4.8
Rain + others 9.8

Distribution of households by type of main fuel sources (%)
Lighting Cooking

Kerosene 83.6 2.7
Firewood 0.4 83.3
Candle 10.5

Electricity 5.1 0.0
Gas 0.1 0.3
Solar 0.1

Crop/sawdust/animal dung 11.7
Generator 0.2

Other 2.0

Note: The data presented in this table were gotten from multiple sources such as the NBS
(2012b); National Bureau of Statistics (2009); NBS (2012c); National Bureau of Statistics
(2016); Nigeria Data Portal (2020).
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1.3 Literature Review

1.3.1 On the Concept of Energy Poverty

Extant literature tries to give insight into the meaning of energy poverty and how to

tackle it. Developing countries, especially parts of Asia and sub-Saharan Africa, come

to mind whenever the concept is mentioned. However, from its definition, energy

poverty is a global problem. It is multifaceted depending on context and scope. It

can be mild or extreme. In developing countries, it is a situation where households

lack access to electricity and clean cookstoves (IEA, 2010c). Nonetheless, it can exist

in the abundance of energy resources. Households can have access to electricity and

yet energy poor or made energy poor by someone else. These conditions are known

as hidden energy poverty and energy vulnerability, respectively (Meyer et al., 2018).

In developed countries, the 2001 U.K. policy defines it as where a household

needs to spend more than 10% of its income to have a good heating regime and

other energy services (Day et al., 2016; Meyer et al., 2018). A clause was added to

this definition to include that the households must be left in relative income poor

after the outlay and have relative energy inefficient homes to be considered energy

poor (Hills et al., 2011). Similarly, in Ireland, fuel poverty is defined as “the inability

to afford adequate warmth in a home, or the inability to achieve adequate warmth

because of the energy inefficiency of the home” (Day et al., 2016). A fundamental

feature in the definition of fuel poverty in a developed country context is that it is

linked to insufficient income to have satisfactory home energy services.

1.3.2 Previous Studies

A few studies have estimated the willingness to pay for either pico-PV or ICS in

developing countries. One of the early studies was conducted in rural India, which has

maintained the top position in energy poverty. Roy and Jana (1998) provide empirical

evidence that Indian rural households were willing to adopt pico-PV systems. About

32% of the households indicated positive willingness to pay, while 68% preferred

to get it on lease. However, Yoon et al. (2016) report that Indians did not find
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pico-PV systems valuable, as indicated by the small willingness to pay of $0.50 (35.14

rupees) even when households were given the option of installment. The reason for

this low WTP was provided elsewhere by Lensink et al. (2017), who report that

credit constraints were the main hindrance to adoption in Indonesia. It was observed

that most households were willing to pay between e0.4 to e1 installments for 52

weeks instead of outright purchase. Likewise, Rwandan rural households’ willingness

to pay was by far below the market prices even when an installment method was

offered (Grimm et al., 2017, 2020).

One finding common in almost all the studies is that rural households face liquidity

problems to adopt new technology. However, Aklin et al. (2018) avoid this by offering

Indian rural households microgrid solar technologies on a monthly installment. The

authors were interested in investigating why households prefer a particular technology

over others. Thus, the study employed an impact evaluation method that surveyed

the same households for fifteen months. It was found that expenditures, savings,

and the household head’s entrepreneurial attitudes were the determinants of new

technology adoption. Overall, findings from randomized controlled trial studies

conducted in rural Asia and Africa show that pico PV reduces household energy

expenditure, yields longer study periods for school children, gives more lighting

satisfaction, and enhances domestic activities (Mahajan et al., 2020; Grimm et al.,

2020)

The second component of energy poverty in the developing countries’ context

relates to cooking tradition. Some studies employed the contingent valuation method,

while others used choice experiments to estimate WTP. For instance, Johnson and

Takama (2012) apply a discrete choice model to analyze the willingness to pay

for improved cookstoves’ attributes by Ethiopian, Tanzanian, and Mozambican

households. Four attributes, such as the stove price, safety, usage cost, and smoke

level, were estimated. Low-income Ethiopian households were willing to pay $0.95

monthly compared to $1.16 and $1.87 indicated by the middle- and high-income

groups, respectively. Tanzanian low-income households were willing to pay $1.16

relative to $0.92 and $1.38 by the middle- and high-income groups. Kooser (2014)
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likewise provides evidence that rural Ethiopian households’ WTP for durability, fuel

reduction, smoke and time reduction were $20.74, $18.81, $17.46, and $12, respectively.

On the other hand, Jeuland et al. (2015) find that Indian rural households were

willing to pay $10 and $5 for 33% reductions in smoke emissions and fuel needs,

respectively. This was only half of the price of the cheapest ICS.

In Bangladesh, evidence shows that about 80% of the households were not willing

to pay for ICS but wanted it for free (Rosenbaum et al., 2015). The number was

higher in Burkina Faso, where 90% were reluctant to adopt the technology despite

efforts to promote it (Bensch et al., 2015). However, Senegalese households were

different, as 100% of the households were willing to adopt ICS (Bensch and Peters,

2015). Comparing WTP for a four-plate liquefied petroleum gas stove and multiple

plate biomass stove, Maré and Annegarn (2017) find that South African households

were willing to pay a maximum of $259.88 for the former and $155.93 for the latter.

Additionally, the households indicated a higher WTP only when safety information

was given about the cookstove.

Other impact evaluation studies in Uganda, Tanzania, and India have shown that

ICS reduces firewood consumption significantly relative to the traditional three-stone

fires. However, the challenge was that the three-stone fires’ cooking time was less

than ICS, especially for meals like beans. Thus, it was recommended that households

alternate the technologies depending on food type (Adkins et al., 2010; Bhojvaid

et al., 2014).

Despite the fantastic features of ICS, several studies have found that culture and

beliefs, the stereotype about food preference, limited information, household size,

and cost inhibit the transition (Levine and Cotterman, 2012; Rhodes et al., 2014;

Bhojvaid et al., 2014; Shankar et al., 2014; Herington et al., 2017; Akintan et al.,

2018; Jagadish and Dwivedi, 2018; Jürisoo et al., 2018).

As noted, previous studies valued either of the technologies. However, energy

poverty in developing countries’ context pertains primarily to lighting and cooking

equipment. Thus, this study investigates both. Almost all the CV studies used

open-ended questions that ask respondents to state their maximum willingness to
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pay. This method is fraught with plenty of biases. It presents a cognitive challenge to

respondents. Also, it overestimates or underestimates WTP. In contrast, the discrete

choice, which was endorsed by the blue-ribbon panel (see Arrow et al., 1993) is more

realistic and reflects the day to day market transactions. It is incentive-compatible

and eliminates cognitive bias (Mitchell and Carson, 1995; Bateman et al., 2002).

Furthermore, most previous studies extrapolated the mean WTP to the entire

population. However, energy use is linked to households rather than individuals.

Unlike other studies, this study estimates different parametric models such as the

logit, truncated logit, probit, truncated probit, spike, and the Turnbull distribution-

free model to ascertain the results’ robustness. For the first time in valuation studies,

this study incorporates interdependent demand by clustering the standard errors

at the language level, which produces more efficient estimates than non-clustering.

This is because evidence shows that neighbors’ actions affect the adoption of new

technology (Bhojvaid et al., 2014). It is the first to provide empirical evidence on how

to lift Nigerian rural households out of energy poverty and the feasibility of investing

in the technologies. Furthermore, it is the first to provide an accountability model

peculiar to rural Nigeria. In sum, this study reveals that Nigerian rural households

face liquidity constraints. Furthermore, there is limited information about alternative

energy sources. Thus, policies that raise awareness about the technologies and

support an installment payment would upscale the technologies’ adoption. It also

shows that it is viable to invest in rural Nigeria. However, policymakers need to

ensure that returns on investments are guaranteed.

1.4 Methodology

1.4.1 Overview

This study uses the CV method to elicit households’ WTP. CV is used to quantify the

use and non-use values of environmental resources. While use-values are the present

worth of the good, the non-use values are the benefits to the future generation. The

CV method involves using a questionnaire to directly ask people their willingness
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to pay (WTP) for these values. WTP is contingent on the description of the good

being valued and the hypothetical market context. It can be used to calculate the

Hicksian demand (compensating and equivalent variations) without making a general

assumption about the utility function (Mitchell and Carson, 1995; Vaughan et al.,

1999; MacMillian, 2004; Lee and Heo, 2016; Segerson, 2017).

However, the choice experiment (CE) can be applied (see Johnson and Takama,

2012; Kooser, 2014; Jeuland et al., 2015), which values attributes of the good rather

than the whole good (Lancaster, 1966; Louviere et al., 2000). Thus, it requires that

respondents have adequate information about the good and a particular cognitive

ability level. In some cases, households should already be using the goods being

valued (Adkins et al., 2010; Aklin et al., 2018). As a result, some studies employ the

randomized controlled trial (RCT) (Grimm et al., 2017, 2020; Mahajan et al., 2020),

where the treatment group is offered the technology in advance before the valuation

process.

Unlike CE, the contingent valuation method directly elicits willingness to pay

from respondents and estimate the WTP for the whole good (see Roy and Jana,

1998; Yoon et al., 2016; Lensink et al., 2017). Thus, it requires less cognitive ability

and suits a wide range of respondents. Furthermore, while it estimates the mean

WTP, CE simulates the marginal rates of substitution (MRS) (Louviere et al., 2000).

The primary objective of this study is to estimate the mean WTP, not the marginal

WTP. The second objective is to carry out a cost-benefit analysis (CBA), which uses

WTP information. The CV method suits the population surveyed because the vast

majority lack information about pico-PV and ICS. Also, it avoids the biases common

in CE studies due to the limited cognitive ability of respondents.

1.4.2 The Survey Design

The referendum valuation question recommended by the National Oceanic and

Atmospheric Administration (NOAA) panel (Arrow et al., 1993) is used in this study.

This method mimics the take it or leave it market transactions and eliminates cognitive

challenges and non-response. In addition, it provides incentives for respondents to
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reveal their true preferences as it requires only yes or no answers (Bateman et al.,

2002). Thus, respondents need to compare the bids offered to them with their income.

Whether or not to use the double-bounded method was initially considered during the

focus group and pilot survey but was dropped because most rural dwellers in Nigeria

lack basic education. Thus, such a technique would create cognitive fatigue and

ultimately produce biased estimates. On the other hand, responses from open-ended

CVs are erratic and bias (Arrow et al., 1993), and produce a WTP value that is

profoundly affected by very large or very small outliers (Bateman et al., 2002).

However, the referendum method may be affected by affirmative bias or “yea-

saying” responses. This was circumvented in this study by clarifying the respondents

that households would be responsible for the payment. Furthermore, respondents

were reminded of the opportunity cost of signing up for the program. It is important

to note, however, that all CVM studies are still subject to hypothetical bias.

Before the background information, the participants were given a brief introduc-

tion about the status quo, proposed welfare improvement, duration of the program,

and the payment vehicle to focus on the subject. We assumed that it would take

households about three years to complete the payment.

The background information contained questions meant to warm up the respon-

dents and elicit information about their perceptions and attitudes towards electricity

in Nigeria. This part also asked questions about the current sources of alternative en-

ergy, households monthly energy expenditure, whether the alternatives were adequate

or not. The valuation part had six different bids, which were randomly assigned to

different sub-samples. A direct monthly payment vehicle was used. This method

is the main factor that increases WTP and the adoption of these technologies in

Africa (see Beltramo et al., 2015; Bensch et al., 2015).

Respondents were reminded that the amount would reduce other goods’ con-

sumption should they decide to sign up. The first question asked whether or not

they would vote to support the project if the majority does so. Next, a bid was

included in the second question, which asked respondents to vote “Yes” or “No” or “

Do not know.” Those who voted “No” or “ Do not know” were asked to indicate
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why, and those who voted “Yes” were asked to show on a five-point Likert scale how

certain they were to pay the amount. The last section contained questions about the

socio-demographics of households.

The valuation questions read: The pico-PV system would provide electricity for

you every night with no pollution. If a majority votes “yes” to the program. How

would You vote? Would your household be willing to pay an additional N500 on top

of your monthly energy expenditure? The ICS would meet all your cooking demand

with little firewood/charcoal and a lower level of pollution. If a majority votes “yes”

to the program. How would You vote? Would your household be willing to pay an

extra N300 on top of your monthly energy expenditure? The bids ranged from N100

($0.28) to N700 ($1.93) for the pico-PV and N150 ($0.41) to N500 ($138). These

were generated from FGD and pilot study results, where we first used an open-ended

method to elicit WTP. Then, the bids were assigned randomly to respondents.

1.4.3 Sampling and Data Collection

The data collection process started with recruiting and training of two research

assistants (male and female). Only locals who knew Ebonyi state very well and spoke

the central language fluently were employed. Next, a focus group was conducted.

The feedback from it guided the design of the pilot study.

A clustered sampling was adopted where 10 out of the 13 local government areas

(LGAs) in Ebonyi state were chosen. Next, their rural clusters were selected. Due to

budget constraints, only thirty households were interviewed during the pilot. During

the main survey, 230 households were surveyed in a systematic manner of every

fourth house in each road in alternating order (see Campbell et al., 2008, 2009;

Levine and Cotterman, 2012, for similar method). Only the head in each of the

sampled households was interviewed. The oldest member of the family available was

interviewed, where the head was absent. Figure 1.3 illustrates the LGAs, where the

data was collected.

Respondents were surveyed in-person because it was the only feasible method,

which made it possible to explain the questions in the local language with pictures
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of the technologies. Although expensive, this method is simple and flexible, provides

an opportunity for clarification, makes use of visual aids and demonstration possible,

ensures sample control and probing, guarantees high response rate, and gives room for

the creation of awareness (Arrow et al., 1993; Bateman et al., 2002). Furthermore, it

is the best for developing countries like Nigeria, where infrastructure for a computer-

assisted personal interview (CAPI), internet, mail, and telephone interviews are

limited.

Respondents were given a mobile top-up as a token of appreciation for their time.

Whether to provide them with physical cash or not was considered during the design

stage because most of them were thought not to own mobile phones. However, to

avoid drawing undue attention, it was decided that mobile top-up cards be given

instead, which respondents could swap for money. Only 218 valid questionnaires

were used in the analyses, giving a response rate of 94.7%. The survey lasted for two

months, from August to September 2018.

Fig. 1.3 Map of Ebonyi State showing Study LGAs
Source: Author
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1.4.4 Econometric Modeling

The CV method is anchored on the indirect utility function of Hanemann (1984):

v = v(y, p, q, z, e) (1.1)

where v(.) represents the indirect utility function of households, y is the level of

income, p is the vector of prices of the pico-PV system and ICS, q is the quantity

of the technologies, z is the vector of respondents’ attributes, and e represents a

segment of preferences known to respondents but unobserved by the researcher. The

price (p) is dropped after here because, in a referendum method, prices are assumed

to be fixed. The bid is included instead, and here it represents the stream of monthly

installments the households need to make.

Specifying eq. (1.1) explicitly yields:

v1(y − B, q1, z, e1) = v0(y, q0, z, e0) (1.2)

where B is the vector of bids presented to respondents. If q1 (the proposed energy

transition) is greater than q0 (the conventional energy sources), then q1 improves

households’ welfare. Thus, the utility changes from v0(.) to v1(.), meaning that the

utility households derive from the technologies after deducting the installments from

households’ incomes, is greater than the utility from the traditional energy sources.

v1(y − B, q1, z, e1) > v0(y, q0, z, e0) (1.3)

Since the researcher is unaware of respondents’ utility v, the researcher can only

form a probability statement. A respondent answering “yes” to the valuation question

depends on the condition that v1(.) > v0(.), which means that the consumer is better

off at the improved state q1, and “no” otherwise. The probability of answering “yes”

is:

pr[v1(y − WTP, q1, z, e1) > v0(y, q0, z, e0)] (1.4)
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A respondent accepts the pico-PV system and improved cookstove if their WTP

is greater than the bid and rejects them otherwise.

1.4.5 The Model

The model is given by:

P (WTPi) = X ′
iβ + ϵi (1.5)

where WTPi is the willingness to pay of household i (i = 1, ..., n). Because this

study uses the referendum elicitation type questions, WTP is the probability that a

respondent is willing to pay the bid amount. It is coded 1 if the respondent answers

“yes” to the bid and 0 otherwise. X ′
i is the vector of socio-demographic characteristics

of household i, β is the vector of the parameters to be estimated, and ϵi is the error

term. The error terms are IID with mean zero. Different distributions, such as the

standard normal and logistic, can be derived from this. It yields normal distribution

if the errors are assumed to be independent and normal. At the same time, the

logistic gives the difference of two extreme value distributions (see Kriström, 1997;

Haab and McConnell, 2002, p. 26-29, for detailed specifications of the canonical

models used in this study).

The mean WTP value is simulated from:

E(WTPi) = −α

β
(1.6)

where E is expected, α is the constant, and β is the marginal utility of income, which

corresponds to the coefficient of the bid obtained in eq. (1.5). For the model with

covariates, the independent variables’ coefficients, except the bid, are multiplied by

the respective variables’ mean. In which case, α is composite. This can be derived

using the Delta method or the Krinsky and Robb (1986) procedure (see Jeanty,

2007).

Different models such as the logit, probit, spike, and the Turnbull (1976) non-

parametric are estimated in this study. The conventional models (logit and probit)

can give values that range from −∞ to +∞ (Bateman et al., 2002). Their mean WTP
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values can be negative because of imposing a particular functional form to an unknown

distribution function (Haab and McConnell, 1997). Moreover, “a distribution of WTP,

which ranges from minus to plus infinity, runs counter to expectations twice” (Haab

and McConnell, 1998). This can be avoided through truncation and estimating

a log-normal distribution (Vaughan et al., 1999; Bateman et al., 2002). However,

one of the shortcomings of this is that the truncation information is not used for

estimation (Haab and McConnell, 1998).

As such, Kriström (1997) proposes the spike model, eliminating the possibility of

a negative WTP and taking into account zero WTP. The model has “a spike at zeros

to account for excess real-zeros and an asymmetric distribution for strictly positive

bidders” (Borzykowski et al., 2018).

Nonparametric models have become popular and are suitable when the purpose is

to estimate a sample mean WTP without respondents’ socio-demographics. However,

it is not easy to make inferences based on their parameters (Haab and McConnell,

1997). Researchers have applied various nonparametric models (Turnbull, 1976;

Kriström, 1990; Duffield and Patterson, 1991). The Turnbull model is employed in

this study. Unlike the parametric models, it produces a nonnegative estimate of

WTP always. It is simple to apply and can easily be verified. It does not focus on

the statistical meaning of answers from valuation questions; instead, it emphasizes

the type and significance of the questions (Haab and McConnell, 1997).

The cost-benefit analysis (CBA) uses the net present value (NPV), which is the

NPV of the expected stream of benefits minus the project’s cost (Ross et al., 2005).

It is used here to calculate the stream of net benefits produced by the pico-PV and

ICS over five years. Although the NPV has been criticised in the literature because it

does not provide sufficient answers on the profitability of the investment (see Helfert,

2001; Nábrádi and Szőllősi, 2007), it does show whether or not an investment is

feasible. If the NPV is positive, it is viable to invest in the project, whereas resources

should not be invested in it if it turns out negative (Brown and Jackson, 1990). The
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formula is given as:

NPV = −
N∑

t=0

Kt

(1 + r)t
+

N∑
t=0

Bt − Ct

(1 + r)t
(1.7)

where Kt is the cost of pico-PV (or ICS). We derive this by multiplying the market

prices of the technologies by the total number of rural households. Bt is the stream of

expected benefits, the sum of the WTP values totalled over the number of households.

Ct is the stream of maintenance costs, r is the discount rate or the deposit money

bank (DMB) lending interest rate. It reflects the investor’s time preference for money.

Finally, t is the lifespan of the technologies.

1.5 Results and Discussion

1.5.1 Sample Statistics

Table 1.3 describes the variables used in the analyses. The mean bids are N410.55

($1.13) for the pico-PV system and N315.37 ($0.87) for the improved cookstove. While

92% of respondents indicated a positive WTP for the pico-PV system, 82% did for

the ICS. This is substantial because rural households have weaker energy substitution

than urban households. The figure is over and above the 58% of respondents willing

to adopt ICS in India (Bhojvaid et al., 2014).

The average age of respondents is about 45 years. The sample comprised of 53%

females and 47% males. About 41% received at least a primary education. In terms of

marital status, 90% of respondents are married, and 90% are employed. One in three

respondents earn above the national minimum wage of N18,000 ($49.72). Only 1 in 21

respondents have a pico-PV system. This is abysmal compared to neighboring Ghana,

where almost 1 in 2 rural households had a pico-PV system (Obeng et al., 2008).

On average, households spend N2,417.43 ($6.68) on conventional cookstoves and

N1,181.25 ($3.26) on kerosene lantern per month (see Table A.1). Thus, households

spend N3,598.68 ($9.94) on conventional energy monthly. This is about twice what

respondents are willing to pay for the pico-PV system and ICS. Each household

comprises seven persons, on average.
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Other variables not used in the models but presented in Table A.1 show that 63%

of households use kerosene lanterns for lighting and an overwhelming 94% cook on

three-stone fires. Families spend about 16.20 h every month collecting firewood from

the bush. It takes around 2.71 h to cook a meal with the traditional three-stone

fires. Much of this time could be used for other productive purposes if households

adopt more efficient alternative cookstoves. Only 8% of respondents are aware of

ICS. This is too poor compared to India, where 31% of the respondents knew about

ICS (Bhojvaid et al., 2014). One respondent commented: “My wife is not educated to

use improved cookstoves.” However, one does not need a formal education to use the

technology. In light of this, awareness is critical to the energy transition in Nigeria.

The only respondent who owns a cookstove received it free from a non-governmental

organization.

Respondents were asked to rate their knowledge of renewable energy in general.

The results show that only one in twenty respondents have good knowledge about

RE, and one in fifty have excellent knowledge about it. This is one of the primary

reasons that the energy transition is slow in Nigeria compared to other African and

Asian countries like Kenya, Ethiopia, Ghana, and India. Interestingly, 99% of those

who indicated a positive WTP are sure to pay. Regarding electricity access, only

31% of respondents are connected to the grid. Power blackouts last up to 19 h daily.

Despite the poor state of electricity, connected households pay, on average, N1,242.67

($3.43) on estimated electricity bill each month.

Table 1.3 Summary Statistics of Model Variables

Variable Definition Mean Std. dev. Min. Max.
Bid1 bid for pico-PV N410.55 213.763 N100 N700
Bid2 bid for ICS N315.37 118.380 N150 N500

T1 (pico-PV) pay the bid (1=yes, 0 otherwise) 0.92 0.275 0 1
T2 (ICS) pay the bid (1=yes, 0 otherwise) 0.82 0.387 0 1

Age 44.90 15.373 23 78
Female 1=female, 0 otherwise 0.53 0.500 0 1

Education (1=at least basic, 0 otherwise) 0.41 0.333 0 1
Marriage 1=yes, 0 otherwise 0.90 0.296 0 1

Employment full empmt. (1=yes, 0 otherwise) 0.90 0.302 0 1
Income (1=at least N18000, 0 otherwise) 0.32 0.466 0 1
Pico-PV own a pico-PV (1=yes, 0 otherwise) 0.05 0.219 0 1

3-SFs expenditure monthly spending on 3-stone fires N2417.43 4133.439 N500 N21000
Hsldsize Number of people living together 7.31 4.419 1 33

Note: N is Naira, N362/US$1 at the time of survey.
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1.5.2 Reasons for Answering "no"

Among those who indicated a zero WTP, liquidity constraints were the primary

reason why 70% did so. This is well-reported in the literature as a critical factor

inhibiting the adoption of the technologies (see, for example, Bhojvaid et al., 2014;

Beltramo et al., 2015; Grimm et al., 2017; Venkateswaran et al., 2018; Levine et al.,

2018; Bauchet and Morduch, 2019; Joshi et al., 2019; Grimm et al., 2020). Another

critical factor affecting the adoption of the technologies is the lack of awareness.

Some (10%) believe that the technologies are not reliable. This factor has also

been reported in several other developing countries (see, for example, Levine and

Cotterman, 2012; Bhojvaid et al., 2014; Wolf et al., 2017; Jürisoo et al., 2018; Akintan

et al., 2018; Guta, 2018). Furthermore, 5% gave price as the reason for not being

willing. This is well below the 88% reported in rural India by Harrington et al.

(2020). Another 5% had a gas stove. Still, 10% were not interested.

1.5.3 Respondents’ Perception towards Pico-PV and Im-

proved Cookstove

We elicited respondents’ opinions about the uptake of alternative energy. The vast

majority of respondents (48%) believe that pico-PV and ICS would improve their

economic and health well-being. However, 21% would rather have private companies

and non-governmental organizations provide the technologies instead of governments.

According to the respondents, governments have failed in the provision of reliable

power. Interestingly, 8% of respondents wanted pico-PV and ICS immediately. Al-

though 7% commented on affordability, 6% showed enthusiasm towards helping to

raise awareness. Nearly 1 in 53 respondents are concerned with the sustainability of

the technologies. One in seventy-one want them free.
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1.5.4 Distribution of Responses by Bids

Table 1.4 shows the number of bids used in the survey for the pico-PV system and the

corresponding proportion of “no” responses. As noted earlier, these bids were chosen

after a focus group and pilot study. The sample was divided into six sub-samples

during the main survey. Each was randomly allocated a distinct bid. The minimum

bid was N100 ($0.28), while the maximum was N700 ($1.93). The maximum bid

received the highest “no” responses, followed by the second highest. All the bids,

except N200 ($0.55), received at least six “nos.”

Table 1.5 shows that the proportion of “no” responses for the ICS increases

relative to the pico-PV. Of all the sub-samples, those assigned N350 ($0.97) and

N400 ($1.10) indicted the highest “no” responses, while the minimum number of “no”

responses was given by the sub-sample allocated N150 ($0.41).

Figure 1.4 and Figure 1.5 display the acceptance rates for the bids. The accep-

tance rates tend to decay marginally at a higher bid. This is relevant to prospective

investors because it would inform pricing decisions.



28 Energy Poverty among Rural Households: What can be done?

Table 1.4 Responses by Bids for Pico-PV

Bid level Total number offered Proportion of “No” responses
N100 36 8%
N200 36 0
N350 36 6%
N500 36 6%
N600 37 11%
N700 37 19%

Fig. 1.4 Acceptance Rate for Pico-PV
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Table 1.5 Responses by Bids for Improved Cookstove

Bid level Total number offered Percent of “No” responses
N150 37 14%
N200 37 16%
N300 36 17%
N350 36 22%
N400 36 22%
N500 36 19%

Fig. 1.5 Acceptance Rate for Improved Cookstove

1.5.5 Determinants of WTP

Table 1.6 presents the results of the logit and probit models. Since the study place

is heterogeneous both at the local government and language levels, the standard

errors are clustered at both levels to determine the best fit for the data. This is on

the purview that preferences are sometimes interdependent (see Pollak, 1976; Case,

1991, on interdependent and spatial demand).1 Also, the results with non-clustered

standard errors are presented in Table A.2. The dependent variable in the models is
1Ebonyi state has thirteen local government areas, and each of them differs in terms of language.

However, some speak a similar language. For instance, in our sample, Izzi, Abakiliki, Ebonyi and
Ohaukwu speak the Izzi language; Ishielu, Ezza North and Ezza South speak the Ezza language;
Ikwo speaks the Ikwo language; Onicha speaks the Onicha language, while Ohaozara speaks the
Ohaozara language.
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the probability of being willing to pay the bid (or the probability of saying yes to

the bid). The bid is statistically significant and has the expected negative sign in

all the models. This means that the probability of a yes response declines with an

increase in the bid level.

Similarly, the likelihood of a yes decreases with an increase in age. This suggests

that the higher the respondents’ age, the less likely the respondents are willing to pay

for the pico-PV system. It could be that the older a respondent is, the less willing

they are to adopt new technology. Age has also been reported elsewhere as critical in

influencing the energy transition (Bergmann et al., 2008; Zorić and Hrovatin, 2012;

Kosenius and Ollikainen, 2013; Bertsch et al., 2016; Alam and Bhattacharyya, 2017;

Bhowmik et al., 2018; Zemo et al., 2019). A possible reason for this in the developing

countries context was given elsewhere by Abdullah and Mariel (2010). The authors

suggest that the long years of experience with the status quo could be the cause.

Regarding gender, female respondents are less likely to pay for the pico-PV system

than male respondents. It could be that female respondents are more risk-averse in

the energy transition. This contradicts findings in Finland and rural Ethiopia, where

females preferred renewable energy more than males (Kosenius and Ollikainen, 2013;

Guta, 2018). On the other hand, the probability of being willing to pay increases with

married respondents. Respondents with spouses likely have higher purchasing power

than single respondents. The income coefficient shows that wealthier households

are more likely to pay for the pico-PV system. This is consistent with the standard

consumer behavior theory. Similar findings have been reported by other studies

(Bertsch et al., 2016; Lee et al., 2017; Alam and Bhattacharyya, 2017; Guta, 2018;

Zemo et al., 2019; Balezentis et al., 2021). Households that already use pico-PV are

less likely to pay for another system. This is expected since the PV systems meet

lighting demand.

Some interaction terms are also included in the models to check whether or not

there are interaction effects. The interaction terms suggest that female respondents

with income above the minimum wage are less likely to pay than males. Interacting

gender with education uncovers an exciting outcome. Although the result on gender
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suggests that willingness to pay declines with female respondents, the interaction

terms reveal that educated female respondents are more likely to pay than their

male counterparts. It is perhaps because educated women have a better knowledge

of children’s struggle with school assignments using traditional lighting equipment.

Alternatively, it could be because women bear the brunt of preparing a meal at

night with a weak lighting system. Thus, female respondents’ preferences for better

lighting technology is more robust than their male counterparts. Income and edu-

cation, income and employment, were also interacted but proved to be statistically

insignificant.

The Akaike’s and Schwarz’s information criteria favor model (3), where the

standard errors are clustered at the language level.2 Thus, ignoring interdependent

demand based on spatial language in a multi-lingual country like Nigeria could bias

valuation estimates.

2The fundamental idea here is that “the errors are uncorrelated across clusters while errors
for individuals belonging to the same cluster may be correlated” (Cameron and Miller, 2015, p.
320). It is best practice to use more aggregate cluster levels when possible and not to have too few
clusters (Cameron and Miller, 2015). However, it is unclear how many clusters are appropriate,
and Abadie et al. (2017) argue that “there is harm in clustering at too aggregate a level” (Abadie
et al., 2017, p. 1). What we have demonstrated in this paper is that our estimates are more robust
when the errors are clustered compared to when they are not. See Table A.2 for the results of the
non-clustered errors.
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Table 1.6 Logit and Probit Results of Pico-PV

(1) (2) (3) (4)
Variable Coefficient (S.E.) Coefficient (S.E.) Coefficient (S.E.) Coefficient (S.E.)

Bid −0.003∗∗ −0.0012∗∗ −0.003∗ −0.002∗∗

(0.002) (0.0007) (0.002) (0.0008)
Age -0.038∗∗ -0.021∗∗ −0.038∗∗∗ -0.021∗∗∗

(0.016) (0.008) (0.012) (0.006)
Female −16.809∗∗∗ -5.387∗∗∗ −16.809∗∗∗ -5.387∗∗∗

(0.392) (0.406) (0.761) (0.534)
Education 0.270 0.158 0.275 0.158

(1.359) (0.556) (0.432) (0.448)
Marriage 1.056∗∗ 0.602∗∗ 1.056∗∗∗ 0.602∗∗∗

(0.518) (0.297) (0.306) (0.165)
Employment 0.360 0.207 0.360 0.207

(0.809) (0.429) (0.926) (0.502)
Income 16.123∗∗∗ 5.444∗∗∗ 16.123∗∗∗ 5.444∗∗∗

(1.239) (0.842) (1.818) (1.117)
Own pico-PV −2.140∗∗ -1.221∗∗ −2.140∗ -1.221

(.916) (.560) (1.271) (.761)
Female X Inc −16.484∗∗∗ -5.480∗∗∗ −16.128∗∗∗ −5.480∗∗∗

(1.514) (0.987) (1.882) (1.160)
Female X Edu 16.484∗∗∗ 5.305∗∗∗ 16.484∗∗∗ 5.305∗∗∗

(0.550) (0.503) (1.118) (0.771)
Constant 21.179∗∗∗ 7.801∗∗∗ 21.171∗∗∗ 7.801∗∗∗

(1.980) (0.877) (1.695) (0.625)
N 218 218 218 218

Clustered at LGA Yes [10] Yes [10] No No
Clustered at language No No Yes [5] Yes [5]

Log-likelihood -47.154 -47.003 -47.154 -47.003
AIC 110.31 114.01 106.30 110.00
BIC 137.38 147.85 126.61 137.08

∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.10. Standard errors (in parentheses) in the columns
labeled (1) and (2) are clustered at the local government level, while those in (3) and (4)
are clustered at the language level. This ensures a correlation between the error terms at

these spatial levels. Figures [in brackets] are the number of clusters.

Table 1.7 presents the results of the improved cookstove. Again, the coefficient of

the bid is negative and statistically significant. The probability of a yes for the ICS

declines at a higher bid. As the results of the pico-PV system, the age coefficient is

negative and significant. There could be a correlation between a respondent’s age

and the degree of attachment to traditional cookstoves. It is likely that the longer

a respondent has used a conventional cookstove, the less likely they are willing to

transition.

Surprisingly, female respondents are less willing to pay for ICS than male respon-

dents. It is reasonable to conclude that the reverse should be the case since women

mainly do the cooking. Again, it reveals the same pattern of risk-aversion towards

the adoption of new technology. Similarly, the likelihood of willingness to pay for

ICS decreases with married respondents in models 3 and 4. Most married people in

the sample likely prefer a different type of cookstove.
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On the other hand, the probability of a yes response increases with increased

households’ expenditure on traditional three-stone fires. Thus, households prefer a

cheaper alternative energy. Concerning the household size, the probability of a yes

increases with an increase in household size.

As can be seen, it would have been easy to conclude that marital status and

household size do not affect WTP if models 3 & 4 were omitted. The information

criteria favor model (3) over others. Income was also controlled for in the models

but turned out to be insignificant; removing it improved the results.

Table 1.7 Results of ICS

(1) (2) (3) (4)
Variable Coefficient (S.E.) Coefficient (S.E.) Coefficient (S.E.) Coefficient (S.E)

Bid −0.003∗ −0.002∗ −0.003∗ −0.005∗

(0.002) (0.0009) (0.002) (0.0009)
Age −0.031∗∗∗ −0.017∗∗ −0.031∗∗∗ −0.017∗∗

(0.011) (0.007) (0.011) (0.007)
Female −0.688∗∗ −0.383∗∗ −0.688∗∗ −0.384∗∗

(0.304) (0.170) (0.335) (0.185)
Marriage -1.143 -0.664 −1.143∗∗∗ −0.664∗∗∗

(0.830) (0.468) (0.428) (0.246)
3-SF Expen 0.00008∗∗ 0.00005∗∗∗ 0.00008∗∗ 0.00005∗∗∗

(0.00003) (0.00002) (0.00003) (0.00002)
Hshldsize 0.059 0.035 0.059∗∗∗ 0.0350∗∗∗

(0.043) (0.025) (0.021) (0.0117)
Constant 4.617∗∗∗ 2.624∗∗∗ 4.617∗∗∗ 2.624∗∗∗

(1.036) (0.556) (1.039) (0.565)
N 218 218 218 218

Clustered at LGA Yes [10] Yes [10] No No
Clustered at language No No Yes [5] Yes [5]

Log-likelihood -95.150 -95.165 -95.150 -95.165
AIC 204.30 203.33 198.30 198.33
BIC 227.99 228.02 211.84 211.87

***p <0.01, **p <0.05, *p <0.10. Standard errors (in parentheses) in the columns labeled
(1) and (2) are clustered at the local government level, while those in (3) and (4) are

clustered at the language level. This ensures a correlation between the error terms at these
spatial levels. Figures [in brackets] are the number of clusters. See Table A.3 for the

results of the non-clustered standard errors.

1.5.6 Welfare Estimates

Table 1.8 and Table 1.9 present the mean WTP values from the parametric and

Turnbull non-parametric models. Economic theory suggests that an agent’s demand

for welfare-improving technology is equal to their WTP. Thus, if the WTP based on

the agent’s perceived net benefits is higher than the cost, the agent would adopt the

technology (Larson and Rosen, 2002). It might seem a bit puzzling, though, that

the models returned different estimates. This is typical of valuation models because
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they have different functional forms. Bateman et al. (2002) suggest that when the

objective is to estimate the average WTP and not the underlying factors that affect

it, the model without covariates is favored over the models with covariates. In which

case, the model that best fits the data is chosen by comparing the log-likelihood

functions. The model with the highest log-likelihood function is preferred.

Likewise, Haab and McConnell (1997) recommend the parametric models if the

main objective is model testing, such as price effects or scope testing. However, the

non-parametric models are preferred if the sole aim is to estimate the total WTP. As

can be seen, the WTP values from the parametric models are significantly greater

than those of the non-parametric model because the Turnbull estimator utilizes the

lower bound of WTP (Haab and McConnell, 2002). The mean willingness to pay for

the pico-PV and ICS are N1,038.70 ($2.86) and N778.59 ($2.15), respectively.

The standard errors and confidence intervals are simulated through the Delta

method. However, the Krinsky and Robb (1986) and the bootstrapping procedures

can also be used. Each of these has its strengths and weaknesses. The major

drawback of the Krinsky and Robb method is that it assumes that “the parameter

estimates have a multivariate normal distribution, which may be difficult to justify,

especially in small samples” (Bateman et al., 2002, p.246), while the bootstrapping

method is computationally burdensome.

It is a common practice in CV studies to extrapolate the WTP values to the

entire population. However, unlike other goods, especially public goods, energy use is

linked to households and not to individuals (Arrow et al., 1993; Winkler, 2007). Thus,

it is extrapolated to the total rural households in Nigeria. Based on the National

Bureau of Statistics (NBS) 2006 census data, we estimate that the number of rural

households is 15,226,426 because there is no specific data on the number of rural

households in Nigeria, to the researcher’s knowledge. We computed this figure by

dividing the rural population by the average rural household size. The total monthly

WTP values of the pico-PV system and ICS are N15.8 billion ($43.6 million) and

N11.8 billion ($32.7 million), respectively.
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Table 1.8 Monthly Mean WTP for Pico-PV Models without Covariates

Parametric models Non-Para.
Logit Probit Spike Truncated L. Truncated P. Turnbull

E(WTP) N1321.54 N1515.583 N1038.70 N1330.27 N1615.16 N617.89
St. Error (392.310) (495.626) (128.141) (401.461) (566.064) (16.160)
95% C.I. 552.62-2090.45 544.17-2486.99 787.54-1289.85 543.41-2117.11 505.69-2724.62 615.55-665.42

The standard errors (in parentheses) and confidence intervals are derived through the
Delta method.

Table 1.9 Monthly Mean WTP for ICS Models without Covariates

Parametric models Non-Para.
Logit Probit Spike Truncated L. Truncated P. ELB(WTP )

E(WTP) N1391.15 N1453.13 N778.59 N1487.20 N1796.29 N294.69
St. Error (1139.458) (1201.88) (96.847) (1283.287) (1642.90) (10.931)
95% C.I -842.14-3624.44 -902.51-3808.77 588.77-968.40 -1027.99-4002.39 -1423.74-5016.33 275.674-318.45

The standard errors (in parentheses) and confidence intervals are derived through the
Delta method.
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Table 1.10 and Table 1.11 present the WTP values from the models with covariates.

The values are slightly different from the previous ones. The preferred WTP values

are chosen using the Akaike’s information criterion (AIC) and Schwarz’s Bayesian

information criterion (BIC). Thus, the model with the least AIC and BIC is favored.

The selected amounts are N1,014.48 ($2.80) and N1,019.31 ($2.81).

Table 1.10 Monthly Mean WTP for Pico-PV Models with Covariates

Models
Logit (1a) Truncated L. (1b) Probit (2a) Truncated P. (2b) Logit (3a) Truncated L. (3b) Probit (4a) Truncated P. (4b)

E(WTP) N1014.48 N1023.46 N1056.55 N1137.42 N1014.48 N1023.46 N1056.55 N1137.42
S.E (406.592) (411.324) (429.415) (436.360) (246.266) (415.361) (508.245) (501.608)

95% C.I. 217.57-1811.39 217.28-1829.64 214.91-1898.19 282.17-1992.67 531.81-1497.15 209.37-1837.55 60.41-2052.69 154.28-2120.55

Table 1.11 Monthly Mean WTP for ICS Models with Covariates

Models
Logit (1a) truncated L. (1b) Probit (2a) Truncated P. (2b) Logit (3a) Truncated L. (3b) Probit (4a) Truncated P. (4b)

E(WTP) N1019.31 N1040.37 N1069.40 N1193.49 N1019.31 N1040.37 N1069.40 N1193.49
St. Error (491.243) (504.621) (585.336) (661.727) (480.340) (495.062) (567.449) ( 647.987)
95% C.I. 56.500-1982.13 51.340-2029.41 -77.83-2216.64 -103.46-2490.45 77.86-1960.76 70.07-2010.68 -42.77-2181.58 -76.536-2463.52
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1.5.7 Simulating WTP across Socio-Economic Groups

Table 1.12 shows the simulated mean WTP values of various socio-economic groups.

There are eight groups whose expected WTP values are presented. (1) Married

male-headed households with income above the national minimum wage. (2) Married

male-headed households with income below the minimum wage. (3) Married female-

headed households with income above the minimum wage. (4) Married female-headed

households with income below the minimum wage. (5) Single male-headed households

with income above the minimum wage. (6) Single male-headed households with

income below the minimum wage. (7) Single female-headed households with income

above the minimum wage. (8) Single female-headed households with income below

the minimum wage.

Different groups have varying preferences and purchasing powers. Married male-

headed households whose income is above the national minimum wage have the

highest predicted willingness to pay for the pico-PV system. This group’s willingness

to pay is greater than married female-headed households by N323.30 ($0.89). This

reflects the general income distribution pattern in rural Nigeria and, indeed, in the

entire country, where men, on average, are wealthier than women.

There are two interesting findings here: First, wealthier households have higher

WTP, regardless of gender and marital status. Second, households with males as the

head have higher WTP than female-headed households.

Table 1.12 Predicted Monthly Mean WTP

Pico-PV Models
(1) (2) (3) (4) (5) (6) (7) (8)

E(WTP) N2013.37 N1607.98 N1690.07 N1284.69 N1589.22 N1183.84 N1265.93 N860.548
S.E (874.047) (379.719) (992.269) (508.000) (618.238) (222.701) (686.928) (180.239)

95% C.I. 300.27-3726.47 863.74-2352.22 -254.73-3634.89 289.02-2280.35 377.50-2800.95 747.35-1620.32 -80.42-2612.29 507.28-1213.81
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1.5.8 Cost-Benefit Analysis (CBA)

Investments in pico-PV and ICS have proven successful in many developing countries

such as Kenya, Rwanda, Bangladesh, and India. Moreover, the market has grown

over the years in sub-Saharan Africa (van der Plas, 1994). As the most populous

African country, with more than 200 million people, Nigeria has a massive demand

for technologies. For example, mobile phone communication was launched just

nineteen years ago in 2001. Today, about 86% of Nigerians are mobile cellular

subscribers (World Bank, 2020c). Nigeria’s mobile cellular subscription grows at

19%, which is the highest in Africa (GSMA, 2019).

As shown in section 1.1, this study uses the Sun King Pro solar lantern and Zoom

Versa cookstove for the valuation. The prices of the technologies at the time of the

survey were N18,081.90 ($49.95) and N14,480.00 ($40.00), respectively. Pico-PV

batteries and advanced biomass cookstoves are assumed to be replaced every five

years (Birol, 2015).3

Table 1.13 presents the CBA of the pico-PV system. The stream of an eighteen-

month installment benefit from investing in the system is N284.6 billion ($786.4

million), while the cost is N275.3 billion ($760.5 million), assuming no maintenance

cost in the first five years. Although this study assumes no maintenance cost during

the contractual period, an investor should bear in mind to provide repair services or

replace faulty equipment. The net present value (NPV) is positive at a 14% discount

rate. This was the Monetary Policy Rate (MPR) of the Central Bank of Nigeria

(CBN) at the analysis time. Thus, the project is beneficial even at higher discount

rates. A cheaper pico-PV system like the Little Sun would yield a shorter payback

period.

Table 1.14 presents the results of the ICS. The stream of benefit is N225.2 billion

($622.2 million), which outweighs the cost of N217.1 billion ($599.7 million). The

positive NPV values show that it is viable to invest in the technology. Thus, the

installment method is a win-win venture. It is not only beneficial for consumers, but

it is also profitable for businesses.
3See also Clean Stoves Catalog; Eco Zoom; Sun King Solar PV for details on the current prices

and life span.

https://littlesun.com/
http://catalog.cleancookstoves.org/
https://ecozoom.com
https://www.greenlightplanet.com/shop/
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Table 1.13 CBA Results of Pico-PV

Discount rate (%) NPV
14 N4,862,173,538.80
15 N4,654,243,690.80
16 N4,456,992,410.57

Table 1.14 CBA Results of ICS

Discount rate (%) NPV
14 N4,225,511,186.21
15 N4,044,808,072.33
16 N3,873,385,254.03

1.6 Investment (or Free Distribution) Model of

Accountability for Rural Nigeria

Investors want to invest in a secure venture as opposed to a risky one. Since this

study finds that a market-driven installment approach is best suited for rural people,

accountability is inevitable. Jagger and Das (2018) found that close to half of those

who signed up for this type of program and were given ICS in Rwanda absconded.

Aside from this, a free distribution scheme also requires accountability. More so,

because the diversion of relief items provided by donor agencies to rural people

is common in developing countries such as Nigeria. Thus, this study proposes a

top-down approach to monitoring and accountability. Additionally, it is pertinent to

regulate businesses and manufacturers’ activities to ensure strict compliance with

the technology standard.

Figure 1.6 illustrates the possible channels of distribution to rural households and

how to ensure that agents are accountable. Donors, nongovernmental organizations

(NGOs), and civil society organizations (CSOs) can distribute pico-PV systems

and ICS directly to households or through various government levels. Companies

and manufacturers that are often far from rural people can operate through the

wholesalers and retailers. A recent evidence shows that households living in the

periphery where electrification is limited have weaker energy substitution and are more
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likely to stick to payment agreement of alternative energy than urban residents (Barry

and Creti, 2020). Furthermore, this study recommends a localized model that is

peculiar to rural households in Nigeria. A similar model has been successful in India

where Venkateswaran et al. (2018) and Joshi et al. (2019) reported that using such a

strategy to disseminate solar lamps solves the problems of affordability, multilevel

stakeholders partnerships, repair, and maintenance.

Fig. 1.6 Monitoring and Accountability Model for Nigeria
Source: Author
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1.7 Conclusions and Policy Implications

This study adopts the CV method to elicit WTP for a pico-PV system and an

improved cookstove. It envisages a market-driven solution to energy poverty in rural

Nigeria. It is remarkable that despite efforts of the World Bank and other agencies to

increase awareness about solar energy, the study finds that an overwhelming 75% and

92% of respondents lack knowledge about renewable energy and improved cookstoves,

respectively. Thus, the vast majority use kerosene lanterns (63%) and three-stone

fires (94%). Households spend N1,181.25 ($3.26) on kerosene lantern and N2,417.43

($6.68) on traditional cookstoves per month, giving a total spending of N3,598.68

($9.94). This does not include the electricity bills paid by households connected to

the grid.

However, after learning about solar PV and improved cookstoves, 92% and 80% of

the sample indicated a positive willingness to pay for the technologies. This suggests

that rural households have strong preferences for sustainable alternative energy. On

average, households are willing to pay N1,038.70 ($2.86) and N778.59 ($2.15) every

month for pico-PV and ICS, respectively, until the full payment is complete. Thus,

each household’s total spending would be N1,817.29 ($5.00), which is about 50%

less than households’ current spending on traditional energy. However, a household

could opt for either of the technologies. Adopting energy-efficient technologies would

save N21,376.68 ($60), on average, for households annually.

One of the novel findings in this study shows that CV models’ estimates are

more efficient when the standard errors are clustered at the language level in a

multi-lingual region. Factors that influence the willingness to pay for pico-PV and

ICS are the bid (price), age, gender, marital status, income, current energy spending,

and household size. Specifically, the results on gender suggest that females are,

perhaps, more risk-averse than males in adopting new technology. However, the

interaction of gender with education reveals that educated females are more likely to

pay for alternative energy than males.

This study provides a guide for potential investors via a cost-benefit analysis.

The results show that it is viable to invest in the technologies since the NPVs remain
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positive even at a higher discount rate of 16%. We find that it would take eighteen

months for households to complete the technologies’ payments. The payback period

is shorter compared to many investments. To further boost investors’ confidence,

this study provides a model that would guarantee accountability.

Rural people have weaker energy substitution; thus, households’ preferences for

improved energy are strong. However, the vast majority are unaware of alternative

energy sources. Therefore, policymakers need to ensure that adequate information is

provided to rural dwellers. Also, non-governmental and civil society organizations

can complement governments’ efforts by embarking on sensitization campaigns. This

would scale up the adoption of pico-PV and ICS.

Furthermore, rural people are constrained by income to make an upfront payment

for pico-PV systems and ICS. An installment plan can help households to purchase

the technologies. Moreover, adopting the technologies would save money for other

expenditures. Thus, policymakers should mandate micro-finance banks to provide

interest-free loans to rural people exclusively for sustainable energy.

Investing in renewable energy requires enormous capital. Also, investors may

be skeptical because of risks, even though it is viable to invest in rural Nigeria.

Thus, policymakers should mobilize funds for companies through grants and loans.

Furthermore, the 5% VAT and 5% duty imposed on imported PV panels contradict

the government’s targets and plans. Thus, all duties on RE should be removed. At

the same time, tax holidays should be given to infant renewable energy firms.

Furthermore, building strong institutions and conducive environments that guar-

antee investors’ returns should be policymakers’ priority. The objective should be

to boost investors’ confidence to invest in rural Nigeria. There should be a synergy

among agencies that oversee companies’ incorporation, investment, and importation

of pico-PV and ICS. Nigeria should be proactive in leveraging declining prices of

solar PV systems to achieve sustainable pro-poor growth and development.



Chapter 2

Replacing Fossil Fuel-dependent

Power Generation with Solar PV

2.1 Introduction

Sub-Saharan Africa’s fossil fuel-based generation has been snowballing and stands at

over 64%. It is projected that the continent would share 90% of global fossil fuel

consumption by 2025. The region is caught up in the web of inadequate energy access

and environmental degradation from petrol-powered generators (WMO, 2013; IPCC,

2018). The IEA (2019d) reports that although Africa is the most endowed with solar

resources, installed solar PV capacity on the continent is about 5 gigawatts (GW),

which is less than 1% of the worldwide total.

Nigeria tops the list with over 81% of its total electricity coming from fossil fuels.

The country experiences the highest number of power outages globally - an average

of about 6 h per day, voltage fluctuations, distorted transmission and distribution,

and ambiguous billing system. As a result, over 44% of urban households and 86%

of businesses rely on generators for electricity (GIZ, 2015; NBS, 2016a).

Globally, Nigeria is the largest market for backup generators. It accounts for 16%

of worldwide consumption of energy from generators. Backup generators produce

about 13,000 MW. This is more than the 12,522 MW of total installed grid capacity.

Thus, the country spends more on generators than grid electricity (IFC, 2019; USAID,

2020). Each year, Nigeria spends an average of $112 million on imported generators.
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At the same time, businesses and households spend $21.8 billion on petrol (GIZ,

2015), which also has significant impacts on firms’ productivity and sales (Cole

et al., 2018). It is estimated that companies and households spend about $50 billion

yearly on inefficient self-generation at $0.60/kWh running cost. In comparison, the

Levelized cost of a solar home system is $0.20/kWh. Transition to solar PV would

save around $4.4 billion for families and businesses annually (REA, 2017b; Lazard,

2018; IFC, 2019).

Aside from the monetary costs, the average yearly concentration level of par-

ticulate matter (PM2.5) in Lagos alone is about 68 µg/m3, which is comparable to

Beijing’s. This figure is over and above the 10 µg/m3 level recommended by the

WHO. The sulfur content is 3,000 parts per million (ppm) in diesel and 1,000 ppm

in gasoline. Overall, it is responsible for 23.8 deaths per 1,000 people, higher than

Africa’s 18.4 deaths per 1,000 people, on average. The health cost of air pollution is

estimated at $2.1 billion per year. A significant proportion of this pollution comes

from the transport sector and generators (World Bank, 2020).

The Nigerian government aims to significantly reduce generators use from 74% to

18% by 2030. Furthermore, it targets 12% share of total electricity from off-grid sys-

tems. Thus, off-grid systems would produce 8,000 MW electricity by 2030 (NACOP,

2016b). Since Nigeria has abundant sunshine year-round, off-grid solar PV would

produce the cheapest, cleanest, and most sustainable electricity in the long-run (ODI,

2016; IEA, 2019d).

An off-grid or stand-alone solar PV uses batteries to store power, which can be

used during off-peak. It is adaptable to specific needs and applications. Depending

on the PV system’s capacity, the panel(s) can be mounted or placed on the rooftop,

ground, wall, or pole. This feature is appealing because it allows both homeowners

and renters to adopt a suitable type. Besides, it is cheaper than generators and

varies from small, medium to large scale (Muneer and Kubie, 2003; Sovacool, 2014;

Madziga et al., 2018). For example, an 80 watts portable PV system can power

bulbs, TV, fans, and cell phones at the same time (Business Day, 2019).
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Despite these fantastic solar PV features, the upfront costs continue to hinder its

wide adoption in Nigeria. As solar PV’s price continues to decline and the number of

renewable energy companies grows in Africa, it is pertinent to investigate households’

preferences for solar PV. Although the government has declared its support for a

market-driven off-grid solar power transition, little has been done regarding financial

policy incentives (ODI, 2016).

An effective way to help households would be through subsidy. Another way is

an installment option, similar to the way households pay their electricity bills. These

are responsible for creating over 300 active energy communities across the U.K.,

generating up to 193.9 MW of electricity (Community Energy England, 2020). It has

also been reported in other African countries that households prefer to adopt solar

home systems on lease (Urpelainen and Yoon, 2015). Thus, this study’s primary

aim is to investigate the most effective ways to help urban households achieve clean,

affordable, and sustainable energy. The research questions are: What is the WTP

when a solar PV is complemented with a generator? What is the WTP when a solar

PV completely displaces a generator? By how much would a subsidy change WTP

in both scenarios? What factors affect the energy transition? Is investing in solar

PV viable for companies using the installment system?

Answers to these questions would help to understand how urban households value

solar home systems. With this study, policymakers would determine whether or not

to provide households with energy subsidies and other incentives. This would give

businesses insight into households’ energy preferences and influence their investment

decisions. Moreover, this study is timely as solar energy prices continue to decline.

A handful of studies focus on solar energy potential with no attempt to value the

welfare impacts. On the other hand, other recent studies, especially in developed

countries, are not motivated by the lack of energy, but rather by the need to feed

renewables into the grid to reduce carbon dioxide emissions (see Dagher and Harajli,

2015; Lee and Heo, 2016; Lee et al., 2017; Polis et al., 2017; Madziga et al., 2018).

These studies used a one-off payment option with open-ended questions, notorious

for producing biased WTP estimates (Bateman et al., 2002). In contrast, this
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study uses the discrete choice method recommended by the NOAA blue-ribbon

panel (Arrow et al., 1993). Also, other studies extrapolated the mean WTP to the

entire population to provide total WTP. However, energy use is linked to households

rather than individuals.

To further understand households’ consumption behavior, we investigate the time

preference for money, which may be critical to the energy transition. The cost of

fossil fuel is less compared to RE’s in the short-run. However, it outweighs RE’s

expense in the long-run (SSI, 2014; IRENA, 2020). The period between the short-run

when the price is high and the long-run when the benefits of RE accrue to households

is known as “learning” (IEA-OECD, 2000). However, people tend to be concerned

more about short-run costs than long-run benefits. Thus, individuals have a high

discount for the future, which makes them “prefer a smaller reward today over a

larger reward in the future” (TBI, 2011). This is critical in oil-producing countries

like Nigeria, where most households and firms rely on self-generation. Furthermore,

we are the first to incorporate subsidy and installment options directly into the

valuation. Aside from this, we analyze the cost-benefit of solar PV, completing the

welfare analysis circle.

From here, the paper proceeds as follows: In section 2.2, we give insight into

Nigeria’s energy situation. We discuss the environmental and sustainability policies

in section 2.2.1. We discuss the extant literature in section 2.3. We describe the CV

technique in section 2.4 and then proceed to section 2.5 with the methodology. The

results and discussion are given in section 2.6, including the cost-benefit analysis

of solar PV. The paper terminates in section 2.7, with some conclusions and policy

implications of the findings.

2.2 Stylized Facts of Nigeria’s Energy Situation

Figure 2.1 illustrates the percentage share of Nigeria’s electricity produced from

different sources and CO2 emissions per capita. Before 1979, over 52% of Nigeria’s

power came from hydropower. However, since the discovery of oil, it has taken the

lead and contribute to nearly 82% of total energy. It is noteworthy that electricity
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from other renewable sources remains at 0%. The sharp decline in the trend of CO2

per capita in the 1990s could be due to a fall in aggregate production following the

low global oil prices in those years.

Off-grid solar PV has promising potential to close the gap between demand for

and supply of electricity in Nigeria. The annual mean radiation ranges from 3.5

kWh per m2 in the south to 7.0 kWh per m2 per day in the north (ECN, 2018a).

Moreover, the yearly mean sunshine is 6.5 h per day, ranging from 4 h in the south

to 9 h in the north (Akorede et al., 2017). Consequently, the government has set

a target of reducing dependence on the national grid by encouraging households

and businesses to generate electricity through solar PV and feed the excess into the

grid (ECN, 2018a).

Fig. 2.1 Share of Electricity Sources and CO2 Emissions per Capita.
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Figure 2.2 compares the urban population with electricity access in Nigeria to

other ECOWAS members. Overall, only Cote d’Ivoire has achieved 100% urban

electrification, while Liberia has the least. In recent times, while the proportion of

the urban population with electricity is rising in other countries, it is declining in

Nigeria, Niger, and The Gambia. Out of fifteen countries, eight (Cabo Verde, Cote

d’Ivoire, Ghana, The Gambia, Guinea, Mali, Mauritania, Senegal, and Togo) have a

higher urban electrification rate than Nigeria. It is worth mentioning that all are

Francophone, except Cabo Verde and Ghana.

Fig. 2.2 Comparing Nigeria with other ECOWAS Members

2.2.1 Environmental and Sustainability Policies

In furthering Nigeria’s aim to combat environmental degradation, the government

made the Nigerian Bio-fuel Policy and Incentives (NBPI) in 2007. The government

plans to integrate bio-fuel into the energy mix primarily for automotive and power

generation. It would be produced from municipal solid waste, crops, trees, industrial

wastes, cellulose-based, and materials. It was anticipated that the program would
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be fully implemented in 10 years. It was meant to be private sector-driven. The

government would provide the enabling environment and tax incentives for ten years.

However, there would be a pollution tax on oil and gas upstream activities. This

policy aimed to reduce CO2 emissions significantly in 2020 (FRN, 2007d).

Regarding the United Nations’ goal of combating climate change and the Paris

agreement of reducing the global mean temperature, Nigeria is committed to con-

tributing its quota. It demonstrates this in the Nigeria Climate Change Policy

Response and Strategy (NCCP-RS), 2012, and the Nigeria Intended Nationally

Determined Contribution (N-INDC), 2015. These policies are targeted at adapting

and mitigating climate change by building a resilient economy that would ensure food

security, electricity access, and economic development by 2030. By these policies,

the country is committed to achieving sustainable economic growth through more

energy-efficient ways. Aggressive research and development, science and technology

are significant elements of the policies. The comprehensive national climate change

policy identifies the private sector and massive awareness campaigns as crucial to

combating climate change. In response to the COP21 objectives, the Nigeria INDC

envisages a 20% unconditional contribution below the business-as-usual (BAU) (FRN,

2015; FME, 2020c).

However, conditional on international cooperation, financial support, investment,

technology, and capacity development, the country would contribute 45% below the

BAU. It is estimated that adhering to the unconditional scenario, the BAU emissions

per capita would be 3.4 tonnes CO2e by 2030. Under the conditional setup, the BAU

emissions per capita would be about 2 tonnes CO2e in the same year. The country is

determined to end gas flaring, develop 13 GW off-grid PV, increase energy efficiency

to 30%, displace transport by car with the bus, improve power supply, and transition

to climate-smart agriculture (FRN, 2013b).

Concerning energy, the policy proposes a decentralized transmission infrastructure

that can withstand climate change. Renewable energy stands out as a veritable

candidate in the system. The government plans to build more power stations and

ensures that companies adopt green technology in line with global best practices.
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It promotes the displacement of liquid fuels with natural gas, including building

power plants at gas flaring sites that utilize the gas rather than losing it and end the

charcoal use.

The government envisages that transmission losses would be avoided, reducing

greenhouse gasses (GHG) by 26 million tonnes. The uptake of renewable energy

would reduce GHG by 31 million tonnes. Gas flaring is targeted to end by 2030,

reducing GHG by 64 million tonnes. Climate-smart agriculture technologies would

cut GHG by 74 million tonnes. Furthermore, efficient gas power stations would

reduce it by 102 million tonnes. The country identifies the use of dirty technology as

the primary cause of carbon dioxide emissions. Thus, it works towards achieving a

green economy, which would reduce GHG by 179 million tonnes (FRN, 2015c).

There are other environmental policies not directly related to energy to adapt

and mitigate climate change effects. One of those policies is the National Forest

Policy (NFP) of 2006. Nigeria’s forest occupies about 10% of the total land area of

923,768 km2.1 About 80% of the forest area is deforested and burned with fire for

farming purposes annually. Such practices pose significant climate and environmental

challenges in the country. As a result, government policies aim to control erosion,

floods, drought and desertification, declining soil fertility, and reduced yield. The NFP

aims at promoting and supporting afforestation to achieve sustainable development.

Among the objectives of NFP are: To understand the leading causes of deforestation

and address them. To promote and ensure a green urban environment through

the planting of trees. To encourage and regulate private sector participation in the

forestry business. To harness and utilize the economic and environmental benefits

of forestry in a sustainable way. The government plans to increase the forestry

area to 25% of the total land area. The policy proposes an aggressive and holistic

approach to tree planting. It stipulates an effort to carry out tree planting awareness

campaigns in urban and rural communities (FME, 2006a).

Despite this, the country continues to experience incessant deforestation. In the

urban areas, the population snowballs, leading to more houses and cutting down
1Forest reserves cover about 92,376 km2, which is nearly Scotland and Northern Ireland put

together. There are five primary ecological zones in Nigeria: the Sudan/Sahel, the Lowland Rain
forest, the Freshwater/Mangrove, the Guinea Savanna, and the Derived Savanna (FME, 2006a).
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trees. In rural and parts of urban areas, lack of energy leads to the use of fuelwood.

A way of solving this problem is by using solar energy. Another way is encouraging

tree planting through incentives such as the payments for ecosystem services (PES).2

Achieving the 2030 adaptation and mitigation targets requires adequate planning.

Thus, following the UNFCCC adaptation framework adopted at the COP16 in

Cancun, Mexico, Nigeria designed the National Adaptation Plan (NAP) in 2020.

This plan aims to develop adaptation techniques to climate change impacts and align

these methods with other policies, plans, targets, programs, and activities. The NAP

seeks to build a robust capacity for actions; engage all levels of governance; create

an effective tactic to mobilize funds; develop relevant approaches of involving the

private sector; create a conducive environment for successful adaptation; ensure active

communication in the process of adaptation, and design an operational monitoring

and evaluation system (FME, 2020c).

2.3 Previous Valuation Studies

2.3.1 CV Studies

The contingent valuation (CV) method and choice experiments (CE) are widely

used globally to value preferences. Mainly, these methods have been used to elicit

willingness to pay for renewable energy. Unlike developed countries where there

is regular electricity, most developing countries experience blackouts. As a result,

households resort to petrol generators as an alternative.

Thus, Abdullah and Jeanty (2009) estimate the Kenyans’ willingness to pay for

solar electricity relative to their willingness to pay for a hydro-based national grid.

The households’ total WTP was $24 million for solar electricity and $32 million

for hydro. These amounts are five years of cumulative sums arrived at households’

monthly mean WTP. Urpelainen and Yoon (2015) investigate how awareness about

a 40-watt home-based off-grid solar affects the willingness to pay of rural Indian
2PES is one way of mitigating the impact of climate change by encouraging farmers to use their

land for tree planting instead of crops in a specified number of years in exchange for payments.
These payments are deemed equal to their opportunity cost. The trees provide carbon capture and
storage purposes.
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households. About 64% of the respondents were aware of the technology. At the

same time, after further explanation, the number increased to 89%. Their WTP for

a home solar system was $120. However, this was by far less than its market price of

$208. Thus, the households preferred to adopt the technology on lease at $29 per year.

With a slightly different design, Dagher and Harajli (2015) estimate the Lebanese’s

WTP for renewable electricity when a diesel generator is wholly eliminated and when

it complements green electricity. Households’ WTP was $20-$50. Most households

preferred to displace generators with electricity from renewable energy sources.

In developed countries, Japanese’ monthly WTP for RE was $17 compared

to Greeks’ e16.33 per quarter and e8.86 bi-monthly (Nomura and Akai, 2004;

Koundouri et al., 2009; Zografakis et al., 2010). Bollino (2009) reports that Italians’

WTP for RE ranged from e5 to e20. Likewise, Bigerna and Polinori (2014) note that

in line with the EU target of replacing nonrenewable energy sources with renewables,

Italy is committed to deriving 26.4% of its electricity from renewable sources. They

found that Italian households were willing to pay between e4.62 and e8.05 extra

cumulatively for every two months.

Yoo and Kwak (2009) show that the government of South Korea planned to

increase green electricity consumption from its former 0.2% to 7% of total energy

supply in 2011. Thus, the authors estimate consumers’ willingness to pay for green

electricity to guide the government’s policy. The results suggest that Koreans were

willing to pay an average monthly bill of e1.8 and e2.2 and stand to benefit e157.5

million and e194.2 million annually. However, Lee and Heo (2016) report that

Koreans’ willingness to pay for RE had increased following the Fukushima nuclear

disaster of 2011. Their results suggest that households were willing to pay a monthly

bill of $3.21. In a similar study, Lee et al. (2017) estimate Koreans’ WTP to replace

coal and nuclear electricity with RE. The respondents were willing to pay $3.3 and

$3 per month to substitute RE for nuclear and coal, respectively. The total WTP to

replace nuclear and coal-fired power with RE were $722 million and $659 million,

respectively.
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In China, Zhang and Wu (2012) report that households were willing to pay

between $1.15 and $1.51 for RE per month. Meanwhile, Guo et al. (2014) show that

the Chinese were willing to pay between $2.7 and $3.3. Mueller (2013) estimates the

willingness to pay of Arizona residents for solar energy research and development. The

results suggest that households’ WTP was $17 per month. However, in Washington

State, Polis et al. (2017) report that the WTP to support tidal energy research and

development was between $29 million and $127 million per year.

2.3.2 CE Studies

A few studies have been conducted on several countries using CE, but only two exist

on sub-Saharan Africa. For instance, Borchers et al. (2007) report that willingness

to pay for solar energy is greater than the willingness to pay for wind, biomass, and

methane in the U.S. However, Kosenius and Ollikainen (2013) argue that wind power

is, on average, the most preferred renewable source of energy in Finland. Their

results also suggest that young age, female gender, pro-environmental attitude, and

higher-income lead to a higher probability of choosing RE. Likewise, Vecchiato and

Tempesta (2015) investigate the WTP for RE sources amongst Italian households.

The results reveal about 86% of the respondents were willing to pay more for RE.

Specifically, the respondents’ willingness to pay for electricity from solar was about

5.4 times higher than the willingness to pay for electricity from biomass sources.

A study of the nuclear-renewable energy mix as alternatives to fossil fuels in the

U.S. and Japan show that the willingness to pay for a one percent decrease in GHG

emissions was $0.31 per month in the U.S. At the same time, that of Japan was $0.26

per month. Moreover, the willingness to pay for RE in both countries were $0.71

and $0.31 per month for a one percent increase in RE use (Murakami et al., 2015).

Similarly, Contu and Mourato (2020) study the integration of IV generation nuclear

energy into the U.K.’s energy mix. The authors used the CV method to estimate

the willingness to pay for nuclear energy research and development. At the same

time, they used CE to analyze the WTA new nuclear power plants. It was found

that 30% of the respondents favored investment in new nuclear energy. On average,
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the respondents were willing to pay £33.75 for research and development in nuclear

energy annually. However, they were willing to accept £1,293 for the building of

nuclear plants. The authors conclude that the respondents who had heard about

nuclear energy generation before the study and were more worried about the climate

stated a higher WTP.

Bergmann et al. (2006) also investigate the willingness to pay for RE investment

attributes in Scotland. The study values landscape impact, wildlife impact, air

pollution, and new jobs attributes of RE. The results show that Scottish households

were willing to pay £37.9 for RE investments in total. However, while rural households

were willing to pay £47.54, Urban dwellers were willing to pay £28.12. Also,

Bergmann et al. (2008) further show that willingness to pay for RE was £36.73. It

was £41.35 in rural areas and £25.21 in urban. It is not clear why rural households

indicated a higher WTP than their urban counterparts. One would suppose that the

opposite would be the case.

Longo et al. (2008) report that British households indicated a positive willingness

to pay for avoiding power blackouts, increasing employment, and reducing CO2

emissions. The authors then created five hypothetical RE policies with corresponding

WTP values as £32.19, £34.78, £13.21, £33.16, and £29.65. Zorić and Hrovatin

(2012) estimate the willingness to pay for different RE sources in Slovenia, focusing

on factors that influence energy preferences. The results show that environmental

awareness, age, and education are critical in determining Slovenia’s RE choice. In

contrast, income determines willingness to pay. Thus, the authors conclude that

younger and well-educated individuals with high incomes should be educated more

about RE. van Putten et al. (2014) examine Netherlanders’ most preferred location for

solar energy installation. Their results indicate that households preferred installing a

small-sized solar system at sea over rooftops and countryside. The annual willingness

to pay for the installation at sea and rooftop were e15.26-e23.49 and e9.51-e14.58,

respectively. The yearly willingness to pay if individuals made the installation

decision was e9.97-e20.41. The willingness to pay if the government determined the

location was e7.78-e12.43.
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In a related study, Gracia et al. (2012) estimate the Spanish households’ willingness

to pay for electricity from wind, solar, and biomass. Their results reveal that, while

households were unwilling to pay an extra amount for an increase in electricity from

wind and biomass mix, they were willing to pay for solar electricity. Likewise, Ivanova

(2012) sorts the respondents into two groups because their solar and wind energy

mix preferences were heterogeneous. The author reports that 20% of the segment

was willing to pay higher tariffs than the current tariffs. Scarpa and Willis (2010)

investigate willingness to pay from the demand side and compared it with the

European Union’s supply-side costs. Their results suggest that the U.K. households’

WTP for solar electricity, solar hot water, and wind turbine were £2,831, £2,903,

and £1,288. They further show that these values were by far less than the production

costs of £10,638 for a 2 kWh solar unit, £3,904 for a 2 kWh solar hot water unit,

£4,998 for a 1 kWh micro wind unit, respectively. Thus, the households preferred

RE but could not cover the production costs of micro-generation technologies. A

similar finding of willingness to pay not large enough to cover home-based solar

technology production was reported in India (Urpelainen and Yoon, 2015). Following

the EU’s target of increasing RE share of total energy consumption in the EU

countries, Štreimikiėne and Baležentis (2015) estimate how much Lithuanians were

willing to pay if 10% of their electricity came from RE sources. After educating

the respondents about RE, the number of those who agreed to pay an extra e3.5

increased significantly from 50% to 67%. Thus, knowledge about RE increases WTP.

In sub-Saharan Africa, Abdullah and Mariel (2010) value the attributes of

Kenyan’s power, such as the type of power distribution provider, number of planned

power blackouts, and duration of a power outage. The study focuses mainly on

the willingness to pay to avoid power failures and the socio-demographic factors

that influence preferences. The WTP for the outage frequency was negative; the

outage duration and the type of distribution company were positive. In total, the

respondents were willing to pay KSh. 402.85. The factors that influenced WTP were

the number of years the respondents had lived in the area, employment status, having

a bank account, and being a farmer. Using the same approach and set of attributes,
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except time and method of power outage notice, Zemo et al. (2019) estimate the WTP

of urban Ethiopian households. Power frequency, duration, and notification method

had negative coefficients, and advance notice had a positive estimate. The willingness

to pay for power switching was 98.884 ETB. Income, age, electricity bill, experience,

electronics ownership, and electricity share were the significant determinants of WTP.

However, it is not clear how the respondents perceived the cost levels in (Zemo et al.,

2019)’s choice sets because they were specified in percentage. It is challenging for

respondents to translate percentages into monetary values when participating in a

choice experiment considering the context. This could lead to a cognitive problem

that produces bias estimates.

From the preceding, researchers have concentrated on either deriving the willing-

ness to pay for RE due to unreliable electricity or the need to tackle climate change

due to fossil fuel use. Each design takes into account country-specific or regional-

specific requirements and policies. Furthermore, the findings differ depending on the

country, period, sample size, models, and payment vehicle. For instance, studies that

employed the open-ended valuation questions would typically report higher WTP

values because respondents tend to overstate their WTP when faced with these types

of questions. Following our sample’s needs and peculiarity, we use a market-driven

design that helps households who cannot afford an outright payment reveal their

preferences. We incorporated subsidy into the financing options and provide insight

into the behavioral aspect of the energy transition, which is generally lacking in the

energy valuation literature.

2.4 Brief Description of Contingent Valuation

CV design involves the following steps: First, the good or service to be valued should

be described in a way that respondents grasp the attributes and the context in which

it is being provided. Second, it should be designed in a way that respondents find

the context and payment method practicable. Third, responses about knowledge

and use of the service or good, opinions, self-reported demographics, and debriefing

should be elicited. The fourth step involves the pre-testing of the instrument, which
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will help to fine-tune the questions. Depending on what good or service is concerned,

the use of visual aids is paramount in describing difficult concepts (Arrow et al.,

1993; Mitchell and Carson, 1995; Bateman et al., 2002). The fifth stage consists of

sampling and conducting the main survey. Sixth, the data is cleaned, coded, and

analyzed. The final step involves writing up the report.

Researchers have used different CV designs from its inception, such as open-ended,

bidding game, payment card, single-bounded dichotomous choice or referendum,

double-bounded dichotomous choice, one and a half-bounded dichotomous choice,

randomized card sorting procedure, multinomial choice format, and interval open-

ended method. Bateman and Willis (1999), Carson et al. (2001), Bateman et al.

(2002), and Hȧkansson (2008) give a detailed description of these methods, including

their strengths and weaknesses.

1. The open-ended question type is a straight-forward method that asks respon-

dents to state their maximum willingness to pay. Researchers are skeptical

about using this type for various reasons. It yields a substantial amount of

zeros, many small values, and some very large values. It presents a cognitive

challenge as respondents rack their brains to state their maximum WTP.

2. The bidding game presents respondents with a few discrete choice questions

similar to an auction. In the end, an open-ended question is provided. This

method has been criticized for starting bias, where a subject’s response is

influenced by the initial bids offered. Also, respondents are likely to resort to

“yea-saying” (Carson et al., 2001).

3. The payment card procedure presents a card to respondents containing a list

of several amounts and then asks them to select the one that best reflects

their maximum WTP. This method may be restricted to a face-to-face survey

(Bateman et al., 2002).

4. The single-bounded dichotomous choice or referendum method: This technique

has become popular since the NOAA panel report (see Arrow et al., 1993).

The researcher first elicits maximum WTP during focus groups and pre-testing,
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using open-ended questions. Second, the amounts are transformed into bids,

and each bid is randomly presented to different sub-samples during the main

survey. Respondents are asked to indicate their WTP by answering “yes”,

or “no” to the bids. Aside from being the method endorsed by the panel, its

popularity lies in the fact that it is more realistic and reflects day-to-day market

transactions. Thus, it is incentive compatible (Mitchell and Carson, 1995; Haab

and McConnell, 2002; Johnston et al., 2017). Unlike other methods, it does

not present any cognitive bias. It suits any mode of survey administration.

Although “yea-saying” is possible, and values obtained can be larger than those

from open-ended, it is the most appropriate for a sample characterized by

many with no or little education. Another limitation of this method, as noted

by Bateman et al. (2002) is that less information about each respondent is

available to the researcher since only a point estimate of the WTP is derived.

Furthermore, the results depend on the statistical assumptions the researcher

makes about the error terms. This can be overcome to a large extent if

the researcher compares results from the parametric models with those from

distribution-free models.

5. Double-bounded dichotomous choice: This method also gains momentum as

more studies in developed countries apply it. It gives more information about

each respondent than the single-bounded procedure. A respondent is presented

with the first bid, and if they accept it, higher bids are offered. If the respondent

answers no, a lower bid is submitted. This allows the researcher to know what

range the respondent’s WTP lies in. However, anchoring bias and “yea-saying”

are possible here, and there is no incentive compatibility. Furthermore, the

first and second questions are imperfectly correlated (Carson et al., 2001).

6. The one and a half-bounded dichotomous choice method involves giving each

sub-sample different information about the minimum and maximum costs of

providing the good or service being valued. In the second stage, each respondent

is asked whether they are willing to pay the minimum amount. If they answer

no, the process ends, whereas if they answer yes, the maximum amount is
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asked. The analyst could start by presenting the maximum amount first and

offers the minimum amount if the first answer is negative. This method also

shares the weaknesses of the double-bounded approach.

7. The randomized card sorting technique is where different bids are written in

cards and are shuffled before the respondent. Next, the respondent is asked to

sort the cards into three piles according to the amounts they definitely would

pay, amounts they definitely would not pay, and uncertain about paying. This

is only possible via an in-person survey (Bateman et al., 2002).

8. The interval open-ended (CIOE) question was first developed and used by Hȧkansson

(2008). Respondents are allowed to state their minimum and maximum WTP

rather than a point estimate. With these, the researcher can estimate the lower

and upper bound WTP. This method overcomes the valuation uncertainty en-

countered using other methods and gives more information about respondents’

preferences. It is also helpful in comparative cross-country studies. However,

some respondents may find it challenging to distinguish the minimum from the

maximum amount.

In sum, it is noteworthy that almost all the designs discussed above have been

questioned by critics, as commonly seen in all fields of economic science. A researcher

needs to decide the format they want to apply, considering the research questions,

context, and population of interest. Also, it is essential to try and minimize biases

regardless of the method adopted. Depending on the research objectives, it may be

necessary to compare different elicitation methods (see Bateman et al., 2006).

2.5 Methodology

2.5.1 Overview

Although we employ the CV technique, a choice experiment can be used when the

objective is to compare the marginal WTP for different RE sources (see Vecchiato

and Tempesta, 2015; Murakami et al., 2015; Urpelainen and Yoon, 2015; Štreimikiėne
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and Baležentis, 2015), the responsiveness of a population to changes in the attribute

levels of RE (see Lancaster, 1966; Louviere et al., 2000).

We use the CV method because the primary objective is to estimate the mean

WTP, not marginal. This method is simple and does not require a high level of

cognitive ability. It is also suitable for a wide variety of populations. However, the

CV survey can be affected by the “yea-saying” bias, especially regarding a public

good. We avoided this bias by making it clear to respondents that private companies,

not the government, would provide the technology. We informed them that they

would be responsible for the payment. We also reminded them that paying for the

PV system may affect their consumption of other goods. We encouraged respondents

to imagine that it was a real choice and be as honest as possible.

CV surveys with open-ended questions are characterized with cognitive problems.

Responses from such questions can be erratic (Arrow et al., 1993). They also yield

a WTP value affected by many outliers and no answers (Bateman et al., 2002).

We circumvented these biases by using the referendum method recommended by

the blue-ribbon panel of (Arrow et al., 1993). This technique mimics the take it

or leave it day-to-day market transactions. It does not place a cognitive burden

on respondents. It reduces non-response and provides incentives for respondents to

reveal their exact preferences (Mitchell and Carson, 1995; Bateman et al., 2002).

We considered using the double-bounded method (see Koundouri et al., 2009) but

dropped the idea after focus group discussions and a pilot survey. We found that

the discrete choice questions were more straightforward for respondents.

During the focus groups and pilot study, we asked participants to state the

maximum amount of money they would pay each month to acquire a solar PV. Next,

we analyzed the data and generated five bids. Each of the bids was randomly assigned

to different subsamples. This method has been applied in other studies (Kriström,

1997; Mueller, 2013; Guo et al., 2014; Borzykowski et al., 2018).
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2.5.2 Survey Design and Data Collection

The questionnaire consisted of three sections after a brief introduction of the study’s

purpose with a description of Nigeria’s energy policy. The first section asked questions

about respondents’ opinions on RE and their current energy situation. The second

part contained a description of a PV system and the dichotomous choice valuation

questions. How much money would your household be willing to pay every month until

you complete the total price? This may involve an extra bill on top of your monthly

energy spending. Please note that this amount would reduce your consumption of

other goods you could use the money for. Next, following Kriström (1997), except

for the third option, the valuation question asked: If a majority votes “yes” to the

program, how would you vote? Yes [ ] No [ ] Don’t know [ ]. Would your household

be willing to pay an extra N1,500 bill per month? Yes [ ] No [ ] Don’t know [ ].

Finally, in line with best practices, questions about households’ characteristics were

asked and ended with a debrief that asked whether respondents understood the

questionnaire.

The survey was conducted in-person. This method made it possible to use pictures

and the Nigerian Pidgin language to answer respondents’ questions. The survey took

place in Lagos State - located in southwestern Nigeria. It shares a boundary with

the Republic of Benin. It has an estimated population of over 12 million, making

it the most populous in Nigeria (NBS and UNICEF, 2017). It is the fifth-biggest

economy in Africa with one of the highest standards of living. There is significant

pressure on the energy supply because of its massive population. A higher proportion

of Nigeria’s CO2 emissions comes from Lagos as households and firms rely mainly on

generators (Siemens, 2011).

The NBS and UNICEF (2017) multiple indicator cluster survey shows that 98.8%

of Lagos residents live in urban areas with an average household size of 4.0. A higher

proportion of households (99.1%) are connected to the national grid. A substantial

percentage of households (88.2%) own a TV, 64.6%, and 53.9% have a radio and

refrigerator, respectively, while 95.4% have a mobile phone. While 15.3% own a house,

77.5% are renters. The survey further shows that 3.3% of households cook with
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solid fuel, and 93.6% have access to an improved water source. The median monthly

income is between N75,000 and N100,000 ($207.18 and $276.24) (Renaissance Capital,

2011).

We chose Lagos state for this study because the government makes tremendous

efforts to generate electricity from alternative sources and reduce CO2 emissions.

Lagos has organized a climate summit and carbon credit campaigns in the past.

In addition, it is the only state with a Ministry of Energy and Mineral Resources,

created in 2011 to tackle inadequate electricity. For instance, the state has an ongoing

effort to generate electricity with waste collected from the metropolis (Siemens, 2011;

GIZ, 2015).

Figure 2.3 shows the map of Lagos state, including the local government areas

(LGAs), where the data was collected.

Due to budget limitations, only three hundred and fifty households were randomly

surveyed, using the same method as in chapter one. In the end, the respondents

were asked whether they preferred to receive a $1.25 mobile top-up at the moment or

$2 in two weeks. We did this to measure their time preference for money, which was

an indirect method to explore the respondents’ behavior towards risks and current

energy preferences. The main survey lasted from July 2018 to September 2018.

2.5.3 Econometric Modeling

This study is anchored on the indirect utility function of Hanemann (1984). The

respondent n faces two choices - (1) the status quo of using a generator or other

traditional energy sources and (2) the proposed off-grid solar PV.

uin = ui(yn, xn, ϵin) (2.1)

where i = 0 is for the status quo and i = 1 is the improved state. The individual’s

utility depends on their income level y, x is a vector of socio-demographics and

attributes of the choice, and ϵ represents aspects of the respondent’s preferences known

to the individual, but not observed by the researcher. If there is an improvement in the

environmental quality from q0 to q1 due to replacing generators with solar PV systems,
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Fig. 2.3 Map of Lagos State showing Study LGAs
Source: Author

then the n′s utility changes from u0n = u(yn, xn, q0, ϵ0n) to u1n = u(yn, xn, q1, ϵ1n).

Respondent n will answer yes to a payment of bn if they perceive that the utility

from off-grid solar PV system u1, is greater than the utility from a generator u0.

Thus,

u1(yn − bn, xn, ϵ1n) > u0(yn, xn, ϵ0n) (2.2)

Since the researcher does not observe the random part of preferences ϵin, only

probability statements can be made about “yes” and “no”. The probability of

respondent n answering “yes” to owning a solar PV is

Pr(yesn) = Pr(u1(yn − bn, xn, ϵ1n) > u0(yn, xn, ϵ0n)) (2.3)

Generally, to determine the functional form and distribution of ϵin, the modeling

process involves separating the utility function into two additive parts - deterministic

and random parts given by:

ui(yn, xn, ϵin) = vi(yn, xn) + ϵin (2.4)
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Now, the probability of respondent n answering “yes” is

Pr(yesn) = Pr[v1(yn − bn, xn) + ϵ1n > v0(yn, xn) + ϵ0n] (2.5)

From eq. (2.5), any model can be estimated depending on the functional form of

the random utility and the assumption made about the distribution of ϵn. It is safe

to estimate various models and select the best using the log-likelihood function or the

Akaike’s information criterion (AIC) and Schwarz’s Bayesian information criterion

(BIC). A higher log-likelihood (smaller AIC and BIC) is preferred.

2.5.4 The Model

Equation (2.5) guides in specifying the functional form of the random utility, and it

is assumed that the ϵn are independently and identically distributed (IID) with mean

zero. We also assume that they are normally distributed. Thus, each of the ϵ1 and

ϵ0 is independent normal. The probability of respondent n answering “yes” is then

Pr(αxn − βbn + ϵn > 0) = Pr(ϵn < αxn − βbn) (2.6)

where α and β are the parameters to be estimated and ϵn ∼ N(0, σ2).

Specifying eq. (2.6) explicitly to reflect our variables yields the following probit

model:

Pr(yesn) = Φ[(β0 + β1bidn + β2agen + β3gendern + β4edun + β5marriagen

+β6empymtn + β7incn + β8genn + β9ohsen + β10kren)/σ]
(2.7)

where Φ is the cumulative standard normal, β0 is the constant, the parameters

(β0 to β10) are normalized by the standard deviation σ, edu is education, empymt

is employment, income is household income, gen is generator use, ohse is house

ownership, and kre is renewable energy knowledge.
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2.6 Results and Discussion

2.6.1 Descriptive Statistics

Table 2.1 presents the variables used in the analysis. The mean bids in the four

scenarios are N1,512.23 ($4.18), N2,012.23 ($5.56), N1,212.23 ($3.35), and N1609.79

($4.45). While 64% showed a positive WTP for off-grid PV, on the condition that

they still use their generators, the number increased to 70% when the option of

doing away with their generators was offered. The figure decreases marginally (63%)

assume a 20% subsidy with the option of combining a generator with solar PV.

At the same time, it increases significantly (76%) when generators are displaced

completely. The average monthly income of respondents is N139,853.50 ($386.34).

It is noteworthy that an overwhelming 72% of respondents own a generator. It is

easy to find a house where all the occupants own a generator. As a result, there are

numerous cases where the entire household members died from breathing in fumes

from a generator (Punch, 2020d,c, 2021b,a).

Only 15% of respondents own a house. Most respondents are employed (91%),

67% are males, the average age is 37.28 years, and 66% are married. Some 44%

have a university degree. We asked respondents to rate their RE knowledge on

a five-point Likert scale ranging from poor to good. About 48% reported having

average knowledge and 30% good.

Other variables not used in the regression but presented in Table B.1 show that

power blackout lasts for about 7 h per day, on average. Only 1.8% of respondents

own PV systems ranging from 25 kW to 300 kW. They were installed between 2016

and 2018. The mean household size is four persons. A mere 1.2% of respondents

belong to an environmental group.
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Table 2.1 Summary Statistics of Model Variables

Variable Description Mean (Std. Dev.)

Bid1 =bid offered in scenario I 1512.23 (705.915)
Bid2 =bid offered in scenario II 2012.23 (705.915)
Bid3 =bid offered in scenario III 1212.23 (566.419)
Bid4 =bid offered in scenario IV 1609.79 (563.862)
T1 =1 if respondent answered yes 0.64 (0.480)
T2 =1 if respondent answered yes 0.70 (0.458)
T3 =1 if respondent answered yes 0.63 (0.483)
T4 =1 if respondent answered yes 0.76 (0.428)
Age =age of respondent in years 37.28 (11.000)
Male =1 if respondent is a male 0.67 (0.472)
Uni degree =1 if respondent has a university degree 0.44 (0.497)
Marriage 1= if respondent is married 0.66 (0.473)
Employment 1= if respondent is in full employment 0.91 (0.284)
Income =Monthly income in naira 139853.50 (108804.60)
Own generator =1 if respondent uses a generator 0.72 (0.448)
Own house =1 if respondent owns a house 0.15 (0.357)
Average =1 if respondent’s knowledge of RE is average 0.48 (0.500)
Good =1 if respondent’s knowledge of RE is good 0.30 (0.302)
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2.6.2 Self-reported Factors Hindering Uptake of Solar PV

We asked respondents to state the factors hindering the adoption of solar PV in their

own opinion. About 38% of respondents believe a lack of information is the reason.

More than one in two respondents believe that solar PV’s upfront cost is responsible

for its low uptake. Only 8% of the sample claims that importers of generators are

hindering the energy transition. A segment of the population claims that generator

importers lobby government officials to stifle the energy transition. They cite the

government’s imposition of high tariffs on imported solar PV components. As a

result, some advocate for a ban on the importation of generators (Kennedy-Darling

et al., 2008; Oseni, 2016). This would put businesses and households in a precarious

situation at least in the short-run as the grid power continues to sink. Others believe

that it is difficult to do away with generators because of oil accounting for 10% of

Nigeria’s GDP and over 86% of export revenue (OPEC, 2020).

2.6.3 Experience with Electricity and Possible Solutions

In this section, we analyze respondents’ experience with the nature of electricity.

One in three respondents reported that it is average where they live - meaning that

they get up to 6 h of power per day. However, only one in eleven experience power

for more than 6 h. One in three respondents get power for about 3 h per day, while

it lasts for less than 3 h for one in four respondents.

We further asked respondents to recommend possible solutions to the challenges

the power sector faces and the low energy transition. Interestingly, one in four

respondents recommend complete privatization of the power sector, while one in eleven

suggest decentralizing the industry across states and good governance. Concerning

the uptake of solar energy, 22% recommend creating awareness about solar energy,

17% suggest subsidy. Others (14%) would like to see an end to the importation of

generators, while 5% recommend an installment system.
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2.6.4 Summary of Bids

Figure 2.4 to Figure 2.7 illustrate the bid levels used in the four scenarios and their

acceptance rates. As would expect, the acceptance rate declines as the bid increases.

Table 2.2 to Table 2.5 present the percentage of negative responses to the respective

bids.

Fig. 2.4 Scenario I: Plot of Acceptance
Rate

Bid Number Offered “No” Responses

N500 64 20%

N1000 64 33%

N1500 64 34%

N2000 70 34%

N2500 65 57%

Table 2.2 Scenario I: Responses by Bid

Fig. 2.5 Scenario II: Plot of Acceptance
Rate

Bid Number Offered “No” Responses

N1000 64 19%

N1500 64 28%

N2000 64 25%

N2500 70 34%

N3000 65 43%

Table 2.3 Scenario II: Responses by Bid

Fig. 2.6 Scenario III: Plot of Acceptance
Rate

Bid Number Offered “No” Responses

N400 64 25%

N800 64 33%

N1200 63 38%

N1600 70 41%

N2000 66 66%

Table 2.4 Scenario III: Responses by Bid
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Fig. 2.7 Scenario IV: Plot of Acceptance
Rate

Bid Number Offered “No” Responses

N800 64 17%

N1200 64 23%

N1600 63 25%

N2000 72 26%

N2400 64 28%

Table 2.5 Scenario IV: Responses by Bid

2.6.5 Regression Results

Table 2.6 presents the results of the probit model. When interpreting the independent

variables’ coefficients, the reader should note that the dependent variable is the

probability of answering yes to the bid presented to respondents or the likelihood of

willingness to pay.

The coefficient of the bid is as expected. It shows that the probability of a yes

declines as the bid increases. Willingness to pay for solar PV increases with male

respondents. In other words, female respondents are less likely to say yes. Nduka

(2021) obtained a similar result about Nigerian rural households and concluded that

women are more risk-averse in the energy transition. However, a developed country’s

findings showed that women are more likely to prefer RE (Kosenius and Ollikainen,

2013).

Interacting gender with age shows that the probability of saying yes decreases

with an older male respondents. This could be because of having many years of

experience with the status quo energy sources; thus, they are reluctant to transition.

Another reason might be that younger respondents are more conscious about the

environment due to the recent increase in climate change discussions. Similar findings

have also been obtained in other countries (Abdullah and Mariel, 2010; Zorić and

Hrovatin, 2012; Kosenius and Ollikainen, 2013).

The probability of positive WTP increases with an increase in monthly household

income. This is consistent with the standard demand theory. The implication is that

wealthy households are more likely to adopt a solar home system (SHS) than their
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counterparts. Our finding is in line with Zemo et al. (2019); Nduka (2021), and Guta

(2018), who found that wealthy Ethiopian households were more likely to pay for

SHS than low-income families.

The coefficient of generator ownership is positive and statistically significant.

Thus, self-generating households are more likely to pay for a solar PV system than

their counterparts. This could be because it is more expensive to run a generator

than a PV system vis-a-vis the bids offered. Our sample spends about N6,196.37

($17.12) on generators and N5,132.79 ($14.18) on grid electricity bill each month,

totaling N11,329.16 ($31.30). Thus, about 8.1% of households’ monthly income is

spent on electricity. Our finding is consistent with Oseni (2017), who reported

that generator owners were willing to pay more for reliable grid electricity than

non-owners.

The probability of answering yes increases with having good knowledge about

RE. Thus, knowledge about RE is critical for Nigerians to adopt solar home systems

and not necessarily formal education. Our finding is consistent with Zografakis et al.

(2010), Guo et al. (2014), and Štreimikiėne and Baležentis (2015), who found that

Lithuanians WTP increased by 17% point after the respondents’ RE knowledge

increased.

Some of the variables are not statistically significant. This means that age,

university education, marital and employment status, house ownership are not

predictors of willingness to pay for solar PV in Nigeria.3

Computing the marginal effects of generator ownership and house ownership

at the households’ average income of N139,853.50 ($386.34) shows that owning a

generator is estimated to increase the probability of WTP by 0.14, with 95% CI

[0.03, 0.25]. Similarly, owning a house would increase the likelihood of WTP by 0.02,

with 95% CI [-0.12, 0.16].
3Although house ownership is not statistically significant in the general model; it is in a reduced

form model; thus, the reason for simulating their respective WTP values. Also, the type of houses
respondents reside in does not have significant effect on WTP.
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Table 2.6 Probit Model Estimates

Varaiable Coefficient Marginal Effects

Bid -0.00049*** (0.00011) -0.0002
Age -0.013 (0.012) -0.003
Male 1.697*** (0.577) 0.157

Male×Age -0.033** (0.014)
Uni deg 0.250 (0.171) 0.080
Marriage -0.133 (0.193) -0.042

Employment 0.188 (0.273) 0.064
Income 2.10e-06** (1.01e-06) 6.83e-07

Own generator 0.452*** (0.171) 0.142
Own house 0.060 (0.253) 0.018

RE knowledge: Average 0.101 (0.194) 0.036
RE knowledge: Good 0.503** (0.227) 0.157

Constant 0.215 (0.584)
N 327

Pseudo R2 0.15
Log-Likelihood -169.489

***p <0.01, **p <0.05, *p <0.10. Standard errors (in parentheses) are robust.

2.6.6 Welfare Estimates

We proceed to estimate the WTP values in the four scenarios mentioned in section 2.1.

Two parametric models and one nonparametric model are estimated. The probit

model can give a negative WTP value, mainly when too many zeros characterize the

valuation responses. This anomaly spurred the development of the spike or mixture

model of Kriström (1997). The author introduced a spike at zeros to correct the excess

zeros, and failure to do this will yield an inflated mean WTP value (Borzykowski

et al., 2018). It is a common practice in CV studies with open-ended questions

format to treat zero responses as a protest and exclude them from the analysis (see

Adamowicz et al., 2011; Johnston et al., 2017). This usually involves the valuation

of public goods associated with the free-riding problem.

Unlike the conventional models, the spike model accounts for agents’ corner

solution in willingness to pay for private goods by recognizing that zero WTP does

not translate to zero probability of WTP. Thus, the model accounts for a nonzero

probability of zero WTP in a discrete choice CV experiment. Also, nonparametric

models like the Turnbull (1976) model allow for a zero WTP even when there is too

many zeros. It uses the lower bound WTP, and therefore, does not overestimate

the value. It is useful when the sole objective is to estimate the WTP and not the



72 Replacing Fossil Fuel-dependent Power Generation with Solar PV

underlying factors that influence WTP (Haab and McConnell, 1998; Vaughan et al.,

1999; Bateman et al., 2002).

As per Table 2.7 and Table 2.8, the monthly mean WTP of respondents when

a solar PV is complemented with a generator is N3,451.74 ($9.53) compared to

N3,999.97 ($11.04) when it completely displaces a generator. Respondents are WTP

more to own a PV system if it can serve as a complete backup than they are prepared

to pay using a generator. The noise and air pollution of the petrol-powered generator

could be responsible for this discrepancy. Compared to other studies, these are by far

less than the Lebanese households’ WTP of $20 and $50 (Dagher and Harajli, 2015).

This could be a result of the open-ended questions used by the authors. Higher WTP

values than ours have been reported in some developed countries such as Japan,

Italy, and the U.S. (Nomura and Akai, 2004; Bollino, 2009; Mueller, 2013; Polis

et al., 2017). In contrast, lower values are reported in Greece, China, and South

Korea (Koundouri et al., 2009; Yoo and Kwak, 2009; Zografakis et al., 2010; Zhang

and Wu, 2012; Bigerna and Polinori, 2014; Lee and Heo, 2016).

As would expect, house owners are willing to pay more than renters in scenarios

one (N4,689.38/$12.95 compared to N3,087.31/$8.53) and two (N5,172.25/$14.29

relative to N3,627.60/$10.02), respectively. A difference in the two means test shows

that homeowners’ and renters’ mean WTP values in scenario one are not significantly

different, but the difference is significant in scenario two. As a result, we cannot

reject the null hypothesis of no difference in one but two.
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2.6.7 Giving Households a Subsidy

Next, we consider the situation where households are given a 20% subsidy. In

Table 2.9 and Table 2.10, households’ mean WTP is N3,174.67 ($8.76) when a solar

PV is complemented with a generator and N5,278.52 ($14.58) without a generator.

These are significantly different. A cross-method comparison shows that the two

parametric models’ WTP are significantly different in scenario three but not in

scenario four. However, it is unclear why the WTP value in scenario IV is greater

than scenario II. One would suppose that a twenty-percent subsidy would generate a

smaller WTP.

Homeowners’ mean WTP is N4,034.58 ($11.15) compared to renters’ N2,913.55

($8.05). In the fourth scenario, homeowners are willing to pay N7,849.35 ($21.68),

while renters are willing to pay N4,572.97 ($12.63). Again, there is a significant

difference in the means.

Overall, the mean WTP values are plausible since they are by far less than

households’ average monthly income and total energy spending. Thus, transitioning

to solar PV would leave families with more disposable income and improve their

welfare.
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2.6.8 Owners of Backup Generators versus Non-Owners

We further simulate the WTP of generator users and nonusers. Households that

use backup generators are expected to have a higher WTP than their counterparts

because of the following factors: First, having a backup generator indicates a stronger

power preference. Second, it could be that they are wealthier than their counterparts.

Third, they know their self-generation spending. Thus, they could compare this with

the bids offered to them.

Table 2.11 shows that in the first scenario, the mean WTP of generator owners

is N3,529.36 ($9.75) compared to N3,191.42 ($8.82) of non-owners. In the second

scenario, generator users are willing to pay N4,610.33 ($12.74), while nonusers are

willing to pay N2,710.51 ($7.49). These are the WTP values obtained from the

spike model. The two groups’ WTP values are statistically different. Also, they are

statistically different across methods. Oseni (2017) likewise found that owners of

backup generators indicated a greater WTP for reliable electricity than non-owners.

Table 2.12 presents the results of scenarios three and four, which assume a 20%

subsidy. In scenario three, self-generating households are willing to pay N3,420.29

($9.45). In contrast, their counterparts are willing to pay N2,570.01 ($7.09). When a

generator is wholly displaced, the former group is willing to pay N6,151.21 ($16.99),

and the latter N3,544.78 ($9.79). Again, the difference between the means is significant

within scenarios and in most cases across methods. The discrepancy in the two

groups’ WTP values further reinforces that Nigerian urban households have strong

preference towards replacing generators with solar PV systems.
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2.6.9 High Income versus Low Income Households

As noted, income is a significant predictor of WTP for solar PV. Thus, we clas-

sify households into high and low incomes and simulate their mean WTP values.

Households with income above the sample average belong to the first group, while

those with income below the average are in the low group. As before, the results

in Table 2.13 and Table 2.14 are presented in the four scenarios. Providing WTP

values this way is important as it gives insight into the purchasing power of various

households. Whereas relying on the whole sample mean WTP for policies could

make some households whose WTP is below the sample average worse-off.

In the first scenario, high-income households are willing to pay N5,203.49 ($14.37)

each month to have solar PV and generators as a backup. In contrast, the low-income

households’ WTP is N2,791.74 ($7.71). Thus, in this scenario, high-income households

are willing to pay twice more than low-income households every month. In the second

scenario, where generators are wholly displaced, high-income households are willing

to pay N6,088.89 ($16.82), while low-income households’ WTP is N3,292.08 ($9.09).

We now turn to the scenarios where a 20% subsidy is given to households. The

mean WTP of high-income households in the third scenario is N4,181.04 ($11.55)

relative to their low-income counterparts with N2,780.58 ($7.68). Given that a

solar PV completely displaces a backup generator, the high-income households are

willing to pay N8,369.19 ($23.12) compared to N4,323.48 ($11.94) by low-income

families. There is a significant difference between the models’ WTP values. This is

not surprising as they have different functional forms, as noted earlier.

Some insights emerge from these results. It is noteworthy that the possibility of

a subsidy serves as a motivation to households as they indicated a greater WTP

compared to the situation without a subsidy. This shows that the provision of subsidy

would encourage uptake of solar PV in Nigeria.
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2.6.10 Cost-Benefit Analysis of Solar PV Investment

Table 2.15 presents the total cost of a typical off-grid solar PV system. We assume

that the backup PV system would supply electricity for 8 h during periods of blackout.

With a load of 500 watts (which includes two standing fans, one TV, and six energy-

saving bulbs), the required PV capacity is 4000 watts. The PV system comprises a

1.5KVA Techfine pure sine wave Inverter, four 250 watts of solar panels (1000 watts),

one 40A MPPT charge controller, and two 200AH Techfine Gel Deep Cycle batteries.

The battery bank’s storage capacity is 4800 watts. When fully charged, it could

withstand the total load for 9 h. The installed solar panels’ capacity of 1000 watts

could generate about 820 watts per hour after accounting for 18% energy losses due

to resistance and heat. With the average peak sunlight of 5 h, the installed panels’

capacity can charge the batteries fully. The solar panels have 25 years lifespan, and

the batteries could last between 4 and 5 years if well looked after before replacement.

The cost of the PV system is N633,000.00 ($1,748.62).

We use eq. (1.7) to perform the CBA. We estimate that it will take households

15 years to pay back the cost at N4,000 ($11.05) per month. With 15,184,692 urban

households, the net present value (NPV) remains positive even at higher interest

rates. We assume that, within the 15 years, the PV batteries will be replaced twice

by households, and this will bring the total cost to N1,160,000 ($3,204.42). This

is still beneficial to households compared to a generator’s total cost of N1,245,000

($3,439.23). We computed this using households’ average monthly cost of running a

generator plus the price of a 2KVA generator of N130,000 ($359.12).

Table 2.16 shows the benefits of solar PV investment to firms after fifteen years.

At three different interest rates, the benefits are N258 bn ($721 m), N225 bn ($621

m), and N197 bn ($544 m).

The reader should note that we used the second scenario’s mean WTP to perform

the CBA because it assumes the complete replacement of generators with a solar

PV, whereas scenarios one and three include generators’ possible use. We did not

compute the CBA using scenario four’s WTP value because of the uncertainty about

the Nigerian government giving a solar PV subsidy. However, in all of the preceding
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analyses, we have shown that giving households subsidies would increase the energy

transition.

Table 2.15 Cost of Off-grid Solar PV

Item name & description Quantity Unit price Cost
PS-148 1.5KVA Inverter (Pure Sine Wave Inverter) 1 N75,000.00 /piece N75,000.00
PS-036 250w solar panel (5BB solar panel) 4 N50,000.00 /installation N200,00.00
ML2440 40A Solar Charge Controller (12/24V 40A MPPT) 1 N55,000.00 /piece N55,000.00
GD12-200 Techfine 200AH Gel Deep Cycle Battery (Gel Deep cycle 12V/200AH) 2 N110,000.00 /piece N220,000.00
BR2 Techfine 2 Battery Cabinet (Polished Metal Battery Rack) 1 N23,000.00 /piece N23,000.00
IK-INST Installation Kit (Installation Kit) 1 N40,000.00 /installation N40,000.00
SC-INST Service Charge (Service Charge) 1 N20,000.00 /installation N20,000.00
TOTAL N633,000.00

This quote is from Nexgen Energy & Allied Services Ltd, Nigeria.

Table 2.16 CBA Results of Solar PV

Discount rate (%) NPV
11.5 N258,121,962,485.35
12.5 N225,746,446,343.2
13.5 N197,675,924,584.8

2.7 Conclusions and Policy Implications

We show that a solar PV installment program (where households pay some amounts

of money every month) would see a surge in solar PV uptake. We use the CV method

to elicit WTP for PV systems under four different scenarios.

The results show that Nigerians have strong preferences for improved energy

conditions. Overwhelming 64% and 70% indicated a positive WTP for the technology

in the first two scenarios. Although the figure drops by one percent (63%) in the

third scenario compared to the first, it increases significantly, given a 20% subsidy in

scenario four (76%). It is worth mentioning that 72% of the sample owns a backup

generator. The monthly mean WTP values in the four scenarios are N3,451.74

($9.53), N3,999.97 ($11.04), N3,174.67 ($8.76), and N5,278.52 ($14.58).

Adopting the payment model recommended in this study would save households

about N26,356.44 ($72.81) annually. Also, investors would make an enormous profit.

Thus, investment in solar PV under the installment plan is a win-win business

between households and investors.
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We also find that willingness to pay for solar PV increases with gender, ownership

of a generator, renewable energy knowledge, and income. Thus, policymakers should

consider these when designing a policy that aims to scale up solar PV adoption in

Nigeria, especially educating people about solar energy.

As per time preference for money, respondents prefer a smaller but certain

amount of money now to a more significant but uncertain amount in the future.

Thus, Nigerians have a high discount rate for the future. This could be responsible

for the slow energy transition in Nigeria and, indeed, in other countries with similar

attributes as Nigeria.

Aside from the monetary benefits, solar energy has enormous use and non-use

environmental and health values over fossil fuel-powered generators. Solar energy is

more sustainable than fossil fuels. Transition to RE will solve many environmental

problems associated with fossil fuel burning. To this end, Nigeria should be proactive

in the transition process.

To protect the renewable energy industry and achieve the 2030 targets, solar PV

duties need to be abolished. In addition, to compete with other nations in the energy

transition, policies that affect both the demand and supply sides need to be adopted.

Policymakers need to encourage the adoption of solar PV. Instead of imposing

custom duties on solar panels, there is a need to subsidize the cost. The federal

government should redirect the fuel subsidy towards solar energy. This would

discourage over-reliance on petrol and encourage the adoption of solar PV. Moreover,

while the subsidy on fossil fuels is recurrent, the subsidy on solar PV is a one-off.

Subsidy and tax incentives for investors have helped many households to own solar

PV in the U.K., generating up to 193.9 MW of electricity and prevented 65,200

tonnes of CO2 emissions (Community Energy England, 2020).

Communities and civil society organizations need to support the energy transi-

tion. For example, low-income households can create “Esusu.”4 This is a form of
4People with similar interests develop it to encourage saving and raising a substantial amount of

money for members. They stipulate a specific amount of funds in which members contribute to
a collective pool every month. The total contribution is given to one person at the end of every
month in turns.
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microfinance, which is popular in every part of Nigeria, similar to community energy

organizations in the U.K. (see Exeter Community Energy, 2020).

Nigeria should leverage the declining prices of solar PV and the abundant sunshine

to improve households’ welfare. The Central Bank of Nigeria (CBN) should set a

different interest rate for the renewable energy industry. In addition, policymakers

need to mandate banks to provide interest-free loans to households to adopt solar

PV.





Chapter 3

Valuing Environmental Tobacco

Smoke Health Risks

3.1 Introduction

A few countries have various smoke-free laws to protect nonsmokers from environmen-

tal tobacco smoke (ETS) exposure.1 Governments increase tobacco taxes, intending

to increase consumer cigarette prices and discourage smoking. However, tobacco

companies counteract this through price discounts. Such laws are helpful but do not

eliminate ETS, leaving many nonsmokers at risk in some public and private places

(van der Eijk and Porter, 2015). It is unclear whether restricting smoking in some

public places has increased smoking in private places as smokers try to make up for

the loss of certain outdoor smoking (Agee et al., 2001). Studies have shown that

indoor exposure to ETS increased in recent times (de Hollander and Melse, 2006),

especially during COVID-19 lockdown (ASH, 2020; Yach, 2020).

The WHO promotes a 100% smoke-free world because no level of exposure is safe,

and using designated areas for smoking and other measures have not been effective

in achieving clean air (WHO, 2013).

Globally, about one in two children breathe in ETS in public places, and 65,000

die as a result, while in total, 1.2 million nonsmokers die prematurely each year

(WHO, 2020d). In addition, sufficient evidence shows that children exposed to ETS
1Note that ETS is also called secondhand smoke.
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suffer from sudden infant death syndrome, middle ear disease, and asthma. Also,

adults exposed to ETS have a 20-30% risk of suffering stroke, lung cancer (20-30%),

and coronary heart disease (25-30%) (CDC, 2020). Emotional distress has also been

reported among those exposed to ETS at home (Bandiera et al., 2011).

This study hypothesizes that agents would differ in their valuation of those risks,

depending on the type of healthcare system practiced in a country. For example,

agents in a country with a private healthcare system would value the risks more than

agents in a publicly funded healthcare system. More so, revenues from tobacco taxes

may help offset healthcare expenditures in a publicly funded healthcare system, and

the general public may expect little or no other payoffs. However, we do not expect

the same outcome in a private healthcare system, where citizens pay for healthcare

services through insurance premiums, out-of-pocket payments, or both. Evidence

shows that people’s valuation for the same good or service differs, depending on

whether the provisioning mechanism is private or public (Guo et al., 2006).

Stated preference methods are widely used to value health risks due to a lack

of market data. The methods involve creating a hypothetical market in which

respondents make choices that involve trade-offs between health risks and wealth,

or payoff (see Andersson et al., 2019). Thus, we contribute to the literature by

estimating the monetary value of ETS health risks using the willingness to accept

and willingness to pay concepts. Providing insight into the economic value of ETS

health risks would guide future smoke-free policies.

A growing number of studies focus on eliciting willingness to pay to prevent

or reduce air pollution, chronic diseases, and mortality, using a direct approach -

contingent valuation (CV) (Hammitt and Haninger, 2010; Andersson et al., 2015;

Tubeuf et al., 2015; Hollinghurst et al., 2016). A handful applies indirect method-

choice experiments (CE) to value the attributes (Johnson et al., 2000; Gerard et al.,

2003; Hole, 2008; Adamowicz et al., 2011; Huang et al., 2018). Still, others utilize

market data (Kennedy, 2000; Agee et al., 2001).

A fundamental feature is that these studies all estimated WTP and not WTA.

Two factors may be responsible for this: First, the property rights debate. It is
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argued that WTA should only be elicited if agents are entitled to an environmental

degradation improvement but do not have it, while WTP questions are asked when

individuals do not have the right to the change but want it (Carson et al., 2001;

Hammitt, 2002; Kim et al., 2015; Whittington et al., 2017; Johnston et al., 2017).

Second, the NOAA panel recommends using WTP instead of WTA because of the

two’s anomaly (Arrow et al., 1993), which Hanemann (1991) links to the income and

substitution effects.

However, the problem we investigate in this study is different, and which welfare

measure to use is a puzzle because individuals are entitled to 100% clean air free

from tobacco smoke (WHO, 2005e; UNEP, 2019; UNFCCC, 2019). On the other

hand, smokers have the right to smoke in places with no legal restrictions whether or

not a nonsmoker is present.

Thus, we employ both elicitation methods. It is common in the valuation literature

to elicit WTP with either CV or CE and WTA with the CV method using open-ended

questions that ask respondents to state their minimum WTA. Thus, this yields the

anomaly mentioned above. To circumvent this, we instead used CE to elicit WTA.

Therefore, it was not apparent to respondents, and they had no incentive to overstate

their WTA. Aside from this, this method prevents non-responses or zero values

emanating because respondents question the feasibility or credibility of implementing

such an intervention.

We are the first to investigate agents’ preferences for ETS risks, also considering

property rights. We are the first to quantify those risks, including the psychological

aspect. We are the first to compare how agents in different healthcare systems value

negative externalities like ETS. Interestingly, the study uncovers a new dimension of

health-related risk valuation behaviors.

This chapter’s remainder is divided as follows: We provide a brief history of

smoke-free policies in the U.S. and U.K. in section 3.2. We discuss previous health-

related valuation studies in section 3.4. In section 3.6, we give the methodology,

including the experimental design and data collection. We then proceed with the
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results in section 3.7 and a robust discussion of our findings in section 3.8. We

conclude in section 3.9.

3.2 A Brief History of Smoke-free Policies

3.2.1 United States

People started to pay attention to tobacco’s health consequences on smokers and

nonsmokers following the Surgeon General’s extensive reports (US-SGAC, 1964;

Swingle, 1980). Consequently, under the Labelling Act of 1966, tobacco companies

were required to provide warning labels on cigarette packs and adverts. Effective

April 23, 1988, smoking was banned on domestic flights slated for two hours or less

(Pressman, 1993), but before this in 1973, the Federal Aviation Administration had

banned smoking in airplanes bathrooms due to a crash from a fire that broke out in

a bathroom waste bin (IARC, 2009). Decades earlier, the Nonsmokers Protective

League in the U.S. had been formed in 1910 to campaign for smoking bans in public

places (IARC, 2009).

In 1973, Arizona banned smoking in concert halls, buses, libraries, and theatres;

however, designated smoking areas were provided. The state of Connecticut also

restricted smoking in restaurants. In 1975, Minnesota banned smoking in public

places, restaurants, meeting rooms, and private sector workplaces. Around 1989, 45

states enacted smoke-free laws in public places, with 17 states adding some workplaces

in the private sector (IARC, 2009). On June 22, 2009, the federal government enacted

the Family Smoking Preventive and Tobacco Control Act (FSPTC). This was the

first comprehensive law that regulates the production, marketing, and sale of tobacco

products in the U.S. (Consortium, 2009).

However, current policy prohibits smoking only in government facilities (The

Tobacco Atlas, 2021c). Following the WHO FCTC, many states have enacted

various forms of smoke-free laws over the years. Currently, the number of states that

have comprehensively banned smoking in workplaces and restaurants and bars, and

gambling places remains 17. However, 36 states have some forms of smoke-free laws
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in place (ARN, 2021). Some states, such as California, Louisiana, Illinois, Arkansas,

Maine, Oregon, and Utah, and counties or cities in New York, Indiana, Hawaii, and

New Jersey have banned smoking in cars when children are present (Barbry et al.,

2015).

3.2.2 United Kingdom

Consciousness about tobacco smoke’s health implications began to grow when the

Medical Research Council (MRC) reported that tobacco has carcinogens capable

of causing lung cancer in 1957 (MRC, 1957). The government published a White

Paper called “Smoking Kills” in 1998 to protect workers from ETS exposure, except

for the hospitality sector. Restaurants and pubs were required to make efforts

towards improving the air quality for nonsmokers voluntarily. However, in 2003,

many restaurants and pubs were not complying (ASH, 2020). The process of formally

banning smoking in certain public places first started in Scotland in 2004 with the

plan’s launching entitled “A Breath of Fresh Air for Scotland Improving Scotland’s

Health: The Challenge Tobacco Control Action Plan” (Executive, 2004).

Following this, a bill - “The Smoking, Health and Social Care” was introduced on

December 17, 2004, and debated. It was passed into law on March 26, 2006 (IARC,

2009). The law prohibited smoking in enclosed public places, workplaces, pubs, and

restaurants, except private homes and cars. While the subject was being considered

in Scotland, the government in England introduced a White Paper on public health

in November 2004 that aimed at ending smoking in many public and workplaces

with a few exceptions for clubs and pubs, which MPs later voted against on Feb. 14,

2006 (ASH, 2020). The ban came into force on July 1, 2007 (Barbry et al., 2015).

A similar law came into effect on April 2 and 30, 2007, in Wales and Northern

Ireland (Home Office, 2014). Notably, the law did not protect nonsmokers in private

homes and cars. As a result, on February 11, 2015, MPs voted in support of a bill

that came into effect on October 1, 2015. This legislation banned smoking in private

vehicles with someone under the age of 18 present. It banned smoking in enclosed

public places. The regulation also gave local councils and employers extra guidelines
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on bans according to their circumstances (Barbry et al., 2015). Smoke-free public

places are public transport, restaurants, government facilities, educational buildings,

pubs and bars, indoor offices, University buildings, and healthcare facilities (The

Tobacco Atlas, 2021b).

One common feature of the smoke-free laws in the U.S. and U.K. is that they do

not protect nonsmokers in private homes and other public places such as bus stops,

building entrances, often-crowded city centers, and other outlets. Thus, they are far

from fulfilling Article 8 of the WHO Framework Convention on Tobacco Control

(WHO, 2013). It is expected that countries review their smoke-free legislation from

time to time to ensure clean air and good health for all.

3.3 Prevalence of Tobacco and Tobacco-related

Disease Statistics

3.3.1 United States

Although the prevalence of smoking has dwindled in recent times, 25.1% of Americans

ages 15 years and over still use tobacco, 30.9% of male adults, and 19.3% of female

adults use tobacco (World Bank, 2021). Further, 1.34% of boys and 1.17% of girls

between 10-14 years old smoke. About 19.27% of male and 16.21% of female deaths

are caused by tobacco (The Tobacco Atlas, 2021c). In total, tobacco kills over 480,000

Americans each year, and it is estimated that 5.6 million younger than 18 would die

prematurely due to smoking-related diseases if the current prevalence of smoking

continues. Currently, more than 16 million people are living with smoking-related

illnesses (CDC, 2021a).

Concerning nonsmokers, more than 41,000 Americans die from environmental

tobacco smoke (ETS) each year. About 34,000 premature deaths result from heart

disease; 8,000 die from stroke; 7,300 deaths are due to lung cancer, and smoking

during pregnancy causes over 1,000 infant deaths each year (CDC, 2021b). Most

babies and youths are exposed to ETS at home. Nearly 7 million school children

(25%) breathe in ETS at home and more than 6 million (23%) in vehicles. There
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is also smoke drift from one apartment to another, especially in multi-unit housing

(CDC, 2021d,c).

It is estimated that the monetary cost of smoking is over $300 billion annually,

in addition to about $170 billion spent on adults’ medical care, and over $156 billion

lost in productivity because of premature death and exposure to ETS (CDC, 2021a).

On the other hand, the tobacco industry spends about $25 million on advertising

and promotion every day, over $1 million every hour, and about $6.16 billion on

price discount to reduce the consumer price of cigarettes (CDC, 2021a). Aside from

saving lives, banning smoking in public housing in the U.S. would save $94 million

in ETS-related health care, $43 million in housing renovation spending, and $16

million in fire losses (CDC, 2021c). Tobacco taxes and lawsuits against tobacco firms

amount to $27.2 billion, but only $740 million is spent on programs that help young

Americans not to become smokers and smokers to quit (CDC, 2021a).

3.3.2 United Kingdom

A World Bank data shows that 19.2% of British aged 15 years and over use tobacco,

down from 29.1% in 2007; 21.1% of males, and 17.3% of females (World Bank, 2021).

About 1.94% of boys and 3.33% of girls between 10-14 years old smoke. This results

in 20.55% of males’ and 16.86% of females’ deaths (The Tobacco Atlas, 2021b). A

breakdown of smoking prevalence in the U.K. shows a higher rate in Northern Ireland

(15.6%), Wales (15.5%), Scotland (15.4%), and England (13.9%) (Dangar, 2020).

About 125,000 people die from smoking-related diseases, 3 in 20 cancer cases, and

43,000 cancer deaths from both smoking and exposure to ETS (Cancer Research

UK, 2020). It is estimated that about 120,000 men are impotent due to smoking. It

increases impotence risk by around 50% for men between 30 to 40 years old (STB,

2013).

Exposure to ETS accounts for more than 300,000 general practice consultations

annually with children; about 9,500 children are admitted to hospitals due to exposure

to ETS every year, and 40 cot deaths (SFF, n.d.). ETS is responsible for around
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10,700 deaths among U.K. nonsmokers each year (ASH, 2020). About 72% of lung

cancer cases are linked to exposure to ETS (ASH, 2018a).

The Action on Smoking and Health forecasts that smoking costs £12.6 billion

cash year, while the Department of Health estimated it at £11 billion (Department

of Health, 2017; ASH, 2018b). The cost in health care is £2.5 billion, £8.4 billion in

productivity loss, £1.4 billion in additional care in later life of smokers, and £329.7

million in house fires. In comparison, about £7 billion is received in tobacco taxes

(ASH, 2018b; Dangar, 2020).

3.4 Literature Review

As mentioned in section 3.1, although there are no studies directly related to ours,

a handful of studies have used stated preference (SP) techniques to elicit WTP to

reduce health risks or undergo a diagnostic test. We reviewed these studies to give

insight into the types of health-related diseases researchers have evaluated. The

WTP values reported in the literature differ significantly depending on the elicitation

format and period of study (affected by inflation and exchange rate) and the type of

healthcare system practiced in the place of study. Thus, readers should be cautious in

comparing WTP values. Furthermore, while some reported median, others presented

mean WTP, which is usually greater than the median value due to outliers.

For example, O’Brien and Viramontes (1994) use contingent valuation (CV) to

elicit WTP for a possible 99% chance of preventing chronic lung disease and a 1%

likelihood of death in Canada. The participants were willing to pay CAN$113 per

month to avoid the disease, while Johnson et al. (2000) apply choice experiments (CE)

to value the attributes of respiratory and cardiovascular diseases, such as activity

restriction, episode duration, and symptom. The estimated marginal WTP ranged

from CAN$100 to CAN$225. Similarly, Krupnick et al. (2002) elicit willingness

to pay for a reduction in mortality risk. The mean WTP was CAN$417, and the

value for a statistical life (VSL) was CAN$1.2-$3.8 million. Adamowicz et al. (2011)

apply CV and CE to value reductions in cancer and microbial diseases from drinking

water. The attributes were microbial illness and death, cancer illness and death.
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The marginal WTP for fewer microbial and cancer deaths were CAN$12.61 and

CAN$10.43, whereas the marginal WTP for reductions in cancer morbidity and

microbial morbidity risks were CAN$2.43 and CAN$0.02. However, CV results show

that the mean WTP for reductions in both risks was CAN$294. The VSLs for

microbial and cancer deaths were CAN$16-$20 million and CAN$14-$17 million,

respectively.

Arana and León (2006) estimate the WTP to reduce the risk of an episode of

respiratory disease in Spain. The participants’ WTP was e41.70. Hammitt and

Haninger (2010) estimate WTP to reduce fatal diseases and trauma such as cancer

and other chronic diseases to children and adults. The VSL for children was $12-$15

million and US$6-$10 million for adults. Similarly, Andersson et al. (2015) study

Swedish respondents’ willingness to pay to reduce foodborne morbidity risks. The

WTP was US$14,000-$17,700, and the VSL in a split-sample were US$710 million

and US$695 million (Andersson et al., 2016).

A few studies focus on China’s air quality, such as Hammitt and Zhou (2006)

who value air pollution’s health risks such as cold, chronic bronchitis, and fatality.

The median WTP was between US$3 and US$6 to prevent the risk of catching a

cold, and US$500-$1,000 for chronic bronchitis. The value per statistical life (VSL)

was US$4,000-$17,000. This is small because the authors used the median value

instead of the mean, which is about thirteen times higher. Also, this result is about

10-1000 times smaller than the US’s and Taiwan’s at the exchange rate during the

study. Likewise, Guo et al. (2006) investigate a similar problem (reduction in the

risks of asthma and mortality) by considering three scenarios: when the policy aimed

at reducing health risks is publicly or privately provided; how WTP changes with a

change in the magnitude of the health risk; and the degree of sensitiveness of the

WTP in the first scenario. The estimated median WTP for a reduction in asthma

was US$1,711.

However, in an earlier study, Peng and Tian (2003) report US$2,717 as the WTP

for reducing the risk of asthma. Huang et al. (2018) quantify the attributes of air

pollution health risks, such as cold, respiratory, and cardiovascular diseases, and
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the probability of dying from those diseases. The VSL was US$774,000. Generally,

the WTP to avoid pollution-related diseases in China is high because exposure to

industrial air pollution is a severe unavoidable problem in many Chinese megacities.

Others have focused on the U.K. For instance, Frew et al. (2001) investigate

the WTP for two types of colorectal cancer screening. Patients were willing to pay

between £30 and £50. It was found that male respondents and those that had

an experience of a health condition were willing to pay more. Also, Tubeuf et al.

(2015) study respondents’ willingness to pay for an inherited retinal disease test.

Three scenarios were presented to participants: a test that would reveal the disease’s

inheritance nature; a test that would provide information about the future’s visual

function; and a new treatment that would improve patients’ condition. The mean

WTP in those scenarios were £539, £1,516, and £6,895. In all the scenarios, patients

were willing to undertake the tests. WTP decreased with the female respondents.

Similarly, Hollinghurst et al. (2016) examine whether patients were willing to

undergo diagnostic testing for pancreatic, colorectal, and lung cancer. The first part

of the survey used a binary question format to ask patients to show whether they

would accept a test, and the second asked how much they were willing to pay. The

results were conflicting because most of the respondents who answered yes to the

first question were unwilling to pay. The WTP for a chest X-ray was £365 if the

risk was 10% high and £305 if it was 1% low. Using choice experiments, Hole (2008)

quantifies the attributes of a general practitioner’s choice, such as doctors’ knowledge

of the patient, the doctor’s interpersonal manner, and thoroughness of the physical

examination, flexibility of time of appointment, and appointment waiting days. The

author included a cost variable even though these services are free at the point of

delivery. The patients were willing to pay £1.71, £4.48, £2.53, £4.13, and £13.82

for those attributes.

The way people perceive health risks varies across healthcare systems. Also,

perceptions about other people’s health-risk behaviors differ. For example, Shickle

(1997) shows that when British respondents were asked to choose between giving

treatment priority to a patient responsible for their illness and another who cannot be
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blamed, an overwhelming 74% of the respondents chose a nonsmoker over a smoker.

Further, 80% of the respondents chose a patient with low alcohol consumption over a

heavy drinker; 60% favored giving life-saving treatment to a patient with an inherited

disease over an identical patient with diet-related disease. Similarly, Miraldo et al.

(2014) investigate respondents’ behaviors toward the National Health Service (NHS),

bearing the costs of risky behaviors such as smoking, alcohol consumption, sedentary

life, unhealthy diet, and overeating. Half of the respondents agreed that the NHS

should cover risky behaviors such as smoking, sedentary life, and heavy drinking.

Those who engage in those behaviors were more likely to favor the NHS covering

those costs. Further, they were more likely to support covering other people’s risky

behaviors too.

Also, in the Netherlands, the respondents showed low solidarity with smokers

and overweight people (Bonnie et al., 2010). Likewise, Van der Star and Van den

Berg (2011) estimate Dutch respondents’ WTP to cover health-risk behavior such as

smoking and non-lifestyle chronic disease in the primary health insurance package.

About 80% of the respondents voted for a flat insurance premium regardless of

healthcare utilization. The respondents were willing to pay e11.29 to include smoking

behavior in the package compared to e42.39 for a chronic disease independent of

their lifestyle.

In the U.S., Berk et al. (2006) report that 52% of the respondents favored

mandatory health insurance, 87% believed that health premiums should be flat and

not vary with the health status of patients, 60% believed that people who engage

in risky health behaviors such as smoking should pay higher premiums. About

two-thirds of the respondents wanted the healthcare system to be publicly-funded.

Jonas et al. (2010) elicit willingness to pay to avoid discomfort and time related

to colposcopy. Participants were willing to pay US$263 to avoid those situations.

On the other hand, using the 1991 National Maternal and Infant Health Survey

(NMIHS), Agee et al. (2001) estimate smokers’ valuation of own and child’s health.

The results suggest that smokers were willing to pay US$494.48 for a 10% increase in

their child’s health annually. At the same time, they were willing to pay US$10.12
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for a 1% reduction in their child’s exposure to ETS. However, the respondents were

willing to pay US$198.29 for a 10% increase in their health. It was reported that

WTP increased with the frequency of smoking and child exposure. Thus, smokers

value their child’s health two times more than theirs. Neumann et al. (2012) study

respondents’ willingness to pay for Alzheimer’s, prostate cancer, arthritis, and breast

cancer diagnostic tests. The median WTP was US$109-$263. Further, WTP declined

with the female respondents.

None of the previous studies investigated how people value the effects of other’s

health-risk behavior on public health. Also, a cross-country comparison considering

heterogeneous healthcare systems is generally lacking. These novel behavioral aspects

of health-risks are what this study unravels.

3.5 Choice Experiments

One aspect of the SP technique is the [discrete] choice experiment (CE). As the name

implies, it consists of choices, and each set comprises two or more alternatives. On

the other hand, each alternative consists of attributes, and each attribute contains

attribute levels. The number of options in a choice set is known as the choice set

size (Street and Burgess, 2007). The choice set exhibits three characteristics such

as, mutual exclusivity, where an alternative is chosen without others; exhaustiveness,

which means that all possible options are included in the set; and finite, where the

number of alternatives is limited (Train, 2009).

In a choice experiment, respondents are forced as it were to choose one alternative.

However, sometimes, an individual might not prefer any of the options. As a result,

an opt-out option may be included (Louviere et al., 2000; Hensher et al., 2005).

Recently, health economists have included the second-best option (see Ghijben

et al., 2014; Lancsar et al., 2017). There are two types of experiment, labeled and

unlabeled. In the labeled format, alternatives are named explicitly in the choice

set. The unlabeled format uses generic captions to lump the alternatives into policy

intervention scenarios.
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CE is anchored on the Lancaster (1966) characteristics theory of value and the

random utility models (RUMs). Unlike the traditional utility theory, Lancaster

argues that a commodity is demanded not for itself but its inherent attributes. Thus,

consumers derive utility from the individual attributes by using the good. The

theory is summarized in three ways: (1) It is the attributes that give utility and

not the physical commodity. (2) Each good has more than one attribute, which

different products can also share. (3) Goods lumped together may have attributes

different from those embedded in them in a disaggregated form. The RUMs, on

the other hand, provide the theoretical framework upon which this theory is tested.

It is used to evaluate different policies and how people react to a change in the

attributes of environmental goods and the marginal rates of substitution between the

attributes (Louviere et al., 2000). It is built on the premise that “all decision-making

involves choices, and all choices involve a sacrifice” (Bateman et al., 2002, p.0.1).

The choice of attributes and levels are critical determinants of the number of

parameters to be estimated. Also, the minimum number of choice tasks in an

experiment depends on the number of levels included. The researcher must consider

whether or not to use attribute level balance, where all attributes have the same

number of levels. This is vital as it may affect the overall estimates. Although having

a mixed number of levels yields a higher number of choice tasks, it is recommended

not to have too many mixed numbers of levels. Alternatively, the design may have

all levels to be even or odd. Further, to have more robust estimates with smaller

standard errors, it is preferable to use a wide range for quantitative attributes but

not too wide (Rose and Bliemer, 2014).

Like the laboratory experiments, the CE method is a powerful technique that

gives the analyst the ability to control subjects’ choice stimuli. It overcomes the

correlation problems common in revealed preference data. It models the real world of

choice-making, which is characterized by lots of trade-offs. Since the method elicits

several individual choices, there is a minimal error in measuring and understanding

preferences. It is flexible and can handle multiple variables. Unlike the revealed
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preference method, it is used to analyze nonmarket and market data (Kroes and

Sheldon, 1988; Walker et al., 2002).

Despite these merits, four biases common with the method have been identified

in the literature. (1) Affirmation bias, which is similar to the “yea-saying”, where

respondents respond in line with the study’s objectives and not according to their

actual choice. (2) Justification bias results from respondents trying to tailor their

responses to defend actual behavior to reduce the mental difference. (3) Strategic

bias happens when respondents try to use their answers to influence and benefit from

a policy change. (4) Social norm bias occurs when there is a conflict between choice

and societal values (Walker et al., 2002). However, it is worth noting that most of

these biases are common in experiments involving the provision of certain public

goods, leading to the free-rider problem. A well-designed SP study circumvents or

reduces these biases to a very minimal and acceptable level.

3.5.1 The Debate

There is a growing debate on whether to use WTP or WTA as a welfare measure. A

handful of studies suggest that it depends on the good’s nature (whether it involves

environmental improvement or degradation) and property rights (Carson et al., 2001;

Hammitt, 2002; Knetsch, 2007; Kim et al., 2015; Whittington et al., 2017). Thus,

when an individual has the right to an improvement and yet does not obtain it,

WTA is appropriate. On the other hand, the individual is expected to pay for the

improvement if they are not entitled, in which case, WTP is elicited. In other words,

the individual pays to avoid degradation. The property right argument implies that

an individual or a firm with the right to produce negative externalities should be

paid if governments want to stop the activities. However, Knetsch (2006) argues

that community norms and feelings should be considered too.

There is an anomaly between WTP and WTA, where the latter is in most cases

greater than the former for the same good because agents value losses more than

gains (Kim et al., 2015; Whittington et al., 2017). As a result, the NOAA panel

recommends eliciting WTP instead of WTA (Arrow et al., 1993). It should be
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noted that the tendency to overstate WTA happens primarily in CV studies using

open-ended questions. However, it has been shown that researchers should not

shy away from eliciting WTA if it is the most suitable (Knetsch, 1990; Haab and

McConnell, 2002; Johnston et al., 2017; Whittington et al., 2017). A well-designed

discrete choice (or even more preferable, choice experiments) WTA question format

is incentive-compatible and solves the problem of open-ended questions (Whittington

et al., 2017). Applying WTP when WTA should instead be used can have massive

policy implications (Knetsch, 1990; Carson et al., 2001).

Randall and Stoll (1980) theoretically show that WTP and WTA values should

be close, except for income effects. Hanemann (1991) extends this by explicitly

showing that the income and substitution effects cause the divergence between the

two. The author argues that WTP and WTA would differ significantly with goods

with little or no substitutes like life. However, if there are substitutes, the two will

converge. Again, while WTP depends on income (which is finite), WTA is infinite.

Thus, Hanemann (1991) concludes that the dichotomy between the two is not an

indication of a wrong methodology or data collection, but rather it depends on how

respondents perceive the survey.

Shogren et al. (1994) test this empirically applying the auction technique to

a market good with close substitutes and a nonmarket good with imperfect sub-

stitutes such as reduced health risk due to Clostridium perfringens, Trichinella,

Campylobacter, Salmonella, and Staphylococcus aureus. The results of the private

goods showed no significant difference between WTP and WTA. In the second case

involving nonmarket goods, WTA significantly outweighed WTP. However, Viscusi

and Huber (2012) argue that the gap is primarily due to the reference point effects

associated with cost, whereas the income effects cannot account for the discrepancy.

Likewise, Nduka (2020) elicits WTP to avoid contracting COVID-19 disease and

WTA compensation for a lockdown, using the CV method. The respondents were

willing to pay twice more than they were willing to accept. Thus, Hanemann’s theory

fails to hold in such an instance.
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3.6 Methodology

3.6.1 Overview

We estimate both respondents’ WTA health harm compensation due to environmental

tobacco smoke (ETS) and WTP to prevent exposure. Here, WTA is the amount of

money that will keep an individual on a higher indifference curve (or the amount of

money required to compensate the individual for health harms or losses) but on the

same health risk level (R0). Conversely, WTP is the amount that will be taken from

the agent for a change from the status quo risk level (R0) to an improved health

level (R1), while they are as well off as before.

We show the framework as follows: Assume an agent n with wealth w0 and status

quo health risk R0. The utility functions of n are given as

u(Rn
0 , wn

0 ) = u(Rn
1 , wn

0 − WTP n) (3.1)

u(Rn
0 , wn

0 + WTAn) = u(Rn
0 , wn

1 ) (3.2)

where WTP (compensating variation) is the amount of money n is willing to pay to

prevent exposure to ETS, WTA (equivalent variation) is the amount n is willing to

accept as compensation for health losses or harms due to ETS exposure, and R1 is

an improved health profile.

3.6.2 The Experimental Design

Table 3.1 contains the attributes and their levels. The choice of attributes and levels

were informed by extensive literature review and pilot studies. The attributes relate

to sufficient evidence of health effects of ETS to adults, such as stroke, lung cancer,

and coronary heart disease (see CDC, 2020; The Tobacco Atlas, 2021a). Other

attributes used are emotional distress and monetary payoffs (reduction in health

insurance premium or tax as the case may be).

These attributes and their levels in the full factorial design give 512 (2 × 44)

different alternatives. These would be 512 × 511/2 = 130, 816 pairs of choice sets,
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which will be too much for each respondent to complete. Thus, we constructed

sixteen choice sets blocked into two pairs of eight choices using the D-efficient design.

Without priors, and following the best practice guidelines, we set the attributes

coefficients at zero (see Hole, 2008, 2017; Lancsar et al., 2017).

First, we designed the efficient experiment in Stata. Second, we transformed

it into an Excel spreadsheet. Third, we wrote a Stata command in advanced

format TXT files and constructed the CE tables using a hypertext markup language

(HTML). Fourth, we randomized the order in which the choice sets were presented

to participants within and across blocks using the advanced randomization option in

Qualtrics. Finally, we wrote another Stata command that automatically transformed

the collected data and made it ready for use (see Weber, 2019).

The choice experiment scenario presented in Table 3.2 asked participants to

imagine that they had to choose between two bundles of potential health risk levels

due to exposure to ETS, including a monetary payoff. It is worthy to note that while

we used secondhand smoke (SHS) in the survey, we prefer environmental tobacco

smoke (ETS) in this paper. Before the information presented in Table 3.2 and

Table 3.3, respondents were given a general introduction about the sources, effects,

and meaning of each disease associated with ETS. Also, a brief country-specific

statistics on the risk levels of the respective diseases were provided. This was to

ensure that respondents focus on the subject. We provided a question that asked

respondents to rank the attributes to their dislike before proceeding with the choice

tasks. Figure 3.1 and Figure 3.2 illustrate the choice sets administered to U.S. and

U.K. respondents, respectively.

Table 3.1 ETS Risk Attributes and Levels

Attribute Levels
Stroke risk 10%, 15%, 20%, 25%

Lung cancer risk 8%, 18%, 28%, 38%
Coronary heart disease risk 5%, 15%, 25%, 35%

Emotional distress risk low, high
Reduction in health insurance premiums (tax)* 0%, 10%, 20%, 30%
*We used health insurance premiums for U.S. participants
and tax for U.K. respondents.
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Table 3.2 Choice Experiment Scenario

Introduction Secondhand smoke (SHS) effects are well known, such as
stroke, lung cancer, coronary heart disease, and others. As a
result, governments have implemented different smoke-free
laws. However, people are still exposed to SHS. Besides, it
is unclear how nonsmokers view exposure to SHS. Further-
more, the effects have not been quantified. Thus, we want
to use this study to quantify the effects of SHS.

Task Although it is challenging to measure the risks attached
to your SHS exposure level, imagine that you can choose
which level of risks you are exposed to in your current
situation. You will see eight choice scenarios as you proceed.
Each scenario labeled as options 1 and 2 contains potential
risk levels and a reduction in your current monthly health
insurance premium (tax) as compensation. We would like
you to choose which option you would prefer assuming that
they are real choices.
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Fig. 3.1 Example of Choice Task (U.S.)

Fig. 3.2 Example of Choice Task (U.K.)
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3.6.3 Contingent Valuation

The CV scenario is presented in Table 3.3. We asked respondents to imagine a policy

that would change their current level of exposure to ETS. The payment vehicle was a

one-off increment in their one-year income tax. The question asked them to state the

minimum and maximum WTP to prevent ETS exposure. It is a common practice

to elicit maximum WTP only, but we included the minimum to ensure that zero

responses in both cases signify a protest. We provided a cheap talk that reminded

respondents to take the scenario as real and to be honest.

Table 3.3 Contingent Valuation Structure

Scenario Imagine there is a proposed program that would affect your
current status. Here, we are trying to assess how much
money people like you would be willing to pay for a change
from the current situation to a situation where they are
not exposed to SHS. The amount would be an increment
in your income tax for one year only.

Question What is the (minimum) maximum you would be willing to
pay this year in addition to your current income tax?

Cheap talk It has been reported that many respondents answering
these types of questions indicate more amount than they
are willing to pay in reality. Please take these questions
as if they are actual decisions. Do not agree to pay any
amount you cannot afford.

(see Contu and Mourato, 2020, for a similar cheap talk).

3.6.4 Survey and Data Collection

Besides the first part that provided a brief introduction of the study to respondents

and the second that contained the University of Exeter’s generic consent questions,

the survey had five blocks. In part one, we asked questions relating to respondents’

knowledge and view about ETS. Part two contained a few questions about their

health status. Part three had WTP elicitation questions, including a question asking

respondents who indicated a zero WTP to state their reasons. Those who indicated

a positive value were also asked to show how sure they were to pay the amount in

reality on a ten-point Likert scale, ranging from not sure to very sure. In block four,

we presented the sixteen choice sets in two blocks of eight each. Respondents were
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randomly assigned these evenly. We asked a few socio-demographic questions in part

five, including two debriefing questions that elicited respondents’ general views about

ETS and the survey. The study terminated with a further explanation about ETS

and how respondents can access the study’s findings in the future.

Participants were recruited and paid on the Prolific platform - a reputable research

agency based in Oxford, United Kingdom. We recruited participants 18 years and

over who were living in the U.S. and U.K. In both countries, we used participants

who were nonsmokers. Additionally, U.S. respondents were those that had health

insurance. The data collection lasted from September 14, 2020, to January 9, 2021.

We conducted two pilot studies on both U.S. and U.K populations. Following these,

we adjusted the survey and included or removed specific questions. We surveyed

about 600 participants in each of the countries. After data cleaning, 541 and 554

CE responses from the U.S. and U.K. were used in the estimation, giving 8,656 and

8,864 observations, respectively. However, after deleting zero responses from the CV

data, 364 and 363 observations were used, respectively.

3.6.5 Econometric Modeling

CE Models

It is plausibly assumed that each decision-maker interprets utility in terms of at-

tributes through a common functional form (Hensher et al., 2005). Suppose an

individual n faces a set of alternative health scenarios denoted as J and j = 1, ..., J .

Let Unjt represents the utility the nth individual derives from choosing the jth

alternative in choice set t.

The individual’s utility is decomposed into representative (deterministic) and

random parts. While the econometrician observes the representative part via esti-

mation of model parameters, he/she is not aware of the random part (Train, 2009).

The model can be specified in the additive form as:

Unjt = β1strokenjt+β2cancernjt+β3hrtdiseasenjt+β4emodistressnjt+β5payoffnjt+ϵnjt

(3.3)
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where β1 to β5 are the parameters to be estimated; strokenjt is stroke risk, cancernjt

is lung cancer risk, hrtdiseasenjt is coronary heart disease risk, emodistressnjt is

the risk of having emotional distress, payoffnjt is the reduction in health insurance

premium or tax as the case may be, and ϵnjt is the random error term.

Suppose we assume that the random terms are independently and identically

distributed (IID) type I extreme value. In that case, this yields the conditional logit

model of McFadden (1974).

Pnjt = exp(β1strokenjt + ... + β5payoffnjt)∑J
j=1 exp(β1strokenjt + ... + β5payoffnjt)

(3.4)

This model makes strong assumptions that the errors are IID, which leads to the

second assumption of independence of irrelevant alternatives (IIA). This assumption

states that the ratio of the probabilities of choosing any option over another (P j

P i
)

is not affected by the presence or absence of any other alternatives in the choice

set. Thus, it treats respondents’ preferences and taste as homogeneous. However, in

reality, the deterministic and random attributes of utility may depend on each other,

and this correlation leads to the bias of the utility parameters.

As a result, more advanced models such as mixed logit (MXL) or random pa-

rameters logit (RPL), and generalized multinomial logit (G-MNL) are applied. The

mixed logit model is highly flexible and guarantees a wide range of choices to specify

individual-specific unobserved heterogeneity, although being fully parametric (Hen-

sher and Greene, 2003). It overcomes the IIA assumption by treating the coefficients

that enter the model as varying across individuals but being constant across choice

occasions for each decision-maker (Train, 2009). In the mixed logit model, the

unobserved part, ϵnit is independently and identically distributed extreme value

over people and alternatives. This distribution can also be called Gumbel or type

I extreme value. The βn is a vector of coefficients [vector of parameter weights]

representing individual-specific tastes with density f(β/θ), where θ represents, say,

mean and covariance of the β′s in the population (Train, 2009). These conditional

parameter estimates are strictly same-choice-specific parameters or the subpopula-

tion’s mean that makes similar choices when faced with the same choice scenarios.
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It is an important distinction since it is impossible to establish every individual’s

distinct set of estimates. Rather a mean estimate for the subpopulation who made

the same set of choices is identified (Hensher et al., 2005; Czajkowski et al., 2017).

It is worth noting that the MXL model collapses to the CL model if there is no

unobserved heterogeneity. In which case, the CL can be reliable.

The probability that the decision-maker (n) makes a sequence of choices condi-

tional on observing β is the product of the logit formula as:

Sn =
∫ T∏

t=1

J∏
j=1

[ exp(β1strokenjt + ... + β5payoffnjt)∑
j exp(β1strokenjt + ... + β5payoffnjt)

]ynjtf(β/θ)dβ (3.5)

where ynjt is equal to 1 if j alternative is chosen and to 0 otherwise, and β =

(β1, β2, β3, β4, β5). The econometrician determines β’s distribution through intuition

and statistical tests. While parameters in eq. (3.4) can be estimated using the

maximum likelihood (ML) method, the integral in eq. (3.5) can only be simulated.

Despite the MXL model’s appealing qualities and its wide application, it is not free

from criticisms. The model still assumes that the random error is IID.

The G-MNL models heterogeneity in taste as scale heterogeneity. This means that

the scale of the error term is more significant for some respondents than others. In

other words, the idiosyncratic error terms are more critical to some decision-makers

than the observed attributes. Thus, it accounts for some respondents’ random

behavior by treating the attributes coefficients as a continuous mixture of scaled

normals (Fiebig et al., 2010; Lancsar et al., 2017). However, the MXL model with

correlated coefficients may provide a better fit. It is best practice to estimate all the

models and choose the best using AIC and BIC criteria.

For convenience, we will specify the G-MNL as (Lancsar et al., 2017):

Unjt = X ′
njtβn + ϵnjt (3.6)

where Xnjt is a vector of respondent n observed attributes, and βn is a vector of

respondent-specific coefficients.
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βn = λnβ + γηn + (1 − γ)λnηn (3.7)

No scale heterogeneity assume λn = λ, and G-MNL collapses to MXL. Further,

there is no preference heterogeneity if ηn = 0, thus, βn = λnβ. Two variants of

G-MNL emerge if γ is restricted to either zero (scaled random coefficients) or one

(scaled means of the coefficients). In both cases, we will have βn = λn(β + ηn) and

βn = λnβ + ηn.

Another model that captures heterogeneity differently is the latent class logit

model (LCM), because in modeling taste heterogeneity, corner solution may arise

when a significant subpopulation of the population places a zero weight on some

attributes and not accounting for this may not reveal the true nature of heterogeneity

(Hensher, 2014). In modeling spatial heterogeneity, individuals are assumed to be

sorted into a set of different classes or clusters (c), with the researcher not having

prior knowledge of the cluster each belongs. Thus, preferences are homogeneous

within classes but differ across classes (Greene and Hensher, 2003).

The difference between MXL and LCM is that in the former, parameters are

individual-specific, while in the latter, it is class-specific. The utility is assigned

a number based on the class to which a respondent belongs (Czajkowski et al.,

2017). Further, while the MXL model assumes a full parametric distribution of the

parameters, the LCM is semiparametric. This gives the analyst liberty not to make

any distributional assumptions about individual heterogeneity (Greene and Hensher,

2003). While in the MXL, the coefficients are continuously distributed, they follow a

discrete distribution in the LCM. Furthermore, although the two models can account

for correlations between the coefficients, the analyst needs to specify this option

in MXL while the LCM implicitly allows the coefficients to correlate. Thus, the

choice of the distribution of β in the LCM is not controversial. Finally, the MXL

model is estimated through maximum simulated likelihood (SML), while the LCM is

estimated via the ML approach (Hole, 2008).
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The LCM probability that n makes a sequence of choices is specified as:

Sn =
C∑

c=1
Hnc

T∏
t=1

J∏
j=1

[ exp(β1cstrokenjt + ... + β5cpayoffnjt)∑J
j=1 exp(β1cstrokenjt + ... + β5cpayoffnjt)

]ynjt (3.8)

where Hnc is the probability that n belongs to class c, which gives the multinomial

logit:

Hnc = exp(γ′
cZn)∑C

=1 exp(γ′
cZn)

(3.9)

where Zn is a vector of observed characteristics of respondent n and γc parameter is

normalized to zero for model identification (Greene and Hensher, 2003; Andersson

et al., 2019; Yoo, 2020).

The marginal WTA compensation for exposure to ETS is derived by partially

differentiating eq. (3.3) with respect to each of the attributes and dividing each by

the monetary attribute. As per the LCM, this is simulated using the class-specific

marginal utilities.

mWTA = ∂Unjt/∂strokenjt

∂Unjt/∂payoffnjt

=
∣∣∣∣∣β1

β5

∣∣∣∣∣ (3.10)

CV Models

One variant of CV uses open-ended questions that ask respondents to state their

maximum WTP for an improvement in health conditions (see Donaldson et al.,

1998; Jonas et al., 2010; Contu and Mourato, 2020). It is common to use ordinary

least squares (OLS) regression to analyze the data in such a situation. However,

this becomes problematic if the data set contains a substantial amount of zeros

(Donaldson et al., 1998) because of protest against paying for others’ health-risk

behavior. It may be advisable to exclude the protest responses (Adamowicz et al.,

2011; Johnston et al., 2017). The OLS regression is given by

WTPn = α + X ′
nβ + ϵn (3.11)
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where WTPn is the willingness to pay for respondent n, Xn is a vector of the explana-

tory variables, β is the vector of coefficients, ϵn is the error term. Equation (3.11) is

estimated by minimizing ∑
n ϵ2

n.

This model’s limitation is that it only gives the average relationship between the

conditional mean of the dependent variable and a set of regressors, giving only a

partial insight into the relationship (Cameron and Trivedi, 2010). Furthermore, even

when the protest responses are removed from the estimation, there may still be some

outliers, and because of the asymmetric distribution of the WTP, it is best practice

to use the natural logarithm of WTP. Moreover, when such is done, if the smallest

value of WTP is 1, it becomes 0.

The ensuing argument invokes the use of a censoring model such as the Tobit

model. It assumes that the error term follows a censored normal distribution. The

model is specified as:

E[WTPn/Xn] = Φ(β′Xn/σ)(β′Xn + σϕ(β′Xn/σ)
Φ(β′Xn/σ) ) = Φ(β′Xn/σ)(β′Xn) + σϕ(β′Xn/σ)

(3.12)

where Φ and ϕ are the cumulative density function and standard normal density

function, respectively, and σ is the standard deviation of ϵn. Here, the conditional

mean function depends on the relationship between the dependent variable and a

set of regressors and also on the probability that the dependent variable has a value

that is greater than zero (Donaldson et al., 1998).

Another model favored over the OLS is quantile or median regression. It gives a

complete view of the relationship between the dependent and independent variables

at different quantiles in WTP distribution. Unlike the OLS regression, this model

provides more robust results because it handles outliers very well. It is a semipara-

metric method, which does not make assumptions about the distribution of the error

term (Cameron and Trivedi, 2005, 2010). It is given by

WTPn = α + X ′
nβq + ϵq

n
(3.13)
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where q ∈ (0, 1) represents the quantile specified, the coefficients βq are realized

by minimizing the weighted sum of the absolute values of ϵq
n.

3.7 Results

3.7.1 Descriptive Statistics

Table 3.9 presents the key variables used in the analyses. We present the sample

statistics of the pooled data, U.S. and U.K. data. For simplicity, we will focus on

comparing U.S. and U.K. figures. In most cases, the samples are identical. The

majority of the U.S. sample are males (55%) compared to 36%. More respondents

are exposed to ETS at home and in private vehicles in the U.K. (35%) than in the

U.S. (16%). Nearly half of respondents (48%) are living with a partner/spouse in

the U.S. compared to 53% in the U.K. Only 4% of U.S. respondents’ partner/spouse

smoke relative to 6% in the U.K. While 38% of U.S. respondents have/had serious

ill-health, it is 40% in the U.K. The majority of respondents in the U.S. (82%) and

U.K. (78%) indicated that ETS causes them distress. Respondents were asked to

show on a ten-scale Likert of poor to excellent their knowledge about ETS’s effects.

Most of the respondents (58%) in the U.S. and 53% of U.K. respondents reported

having good knowledge, only 19% compared to 13% of respondents indicated that

they have excellent knowledge. The income distributions of both samples are pretty

the same. The vast majority of respondents (64%) in the U.S. relative to 69% of

U.K. respondents fall within the $1,100-$5,600 band.

Other variables not used in the estimations but provide more insight into our

samples’ characteristics are presented in Table C.3. The average age of U.S. re-

spondents is 31.4 compared to 32.1 years. Only 24% (23%) of respondents have

university degree; and 73% (69%) are in full employment; 63% (81%) are whites.

It is worth noting that most U.K. respondents (72%) are exposed to ETS between

four to seven times a week compared to 45% of U.S. participants. As per health-risk

behaviors, more U.K. respondents (80%) consume alcohol compared to 56% of U.S.
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respondents. Further, they consume 3.4 glasses per week on average compared to 2.1

glasses reported by U.S. respondents.

Table 3.4 Sample Statistics

Variable Description Mean (Std. Dev.)

Pooled U.S. U.K.

Male =1 if male 0.46 (0.499) 0.55 (0.498) 0.36 (0.482)
Exposure place =1 if exposed at home & vehicle 0.26 (0.437) 0.16 (0.369) 0.35 (0.478)
Living with partner/spouse =1 if living with partner 0.50 (0.500) 0.48 (0.500) 0.53 (0.499)
Smoking partner =1 if partner/spouse smokes 0.05 (0.219) 0.04 (0.193) 0.06 (0.243)
Health status =1 if suffered/suffering from serious ill-health 0.39 (0.488) 0.38 (0.485) 0.40 (0.490)
ETS distresses =1 if distressed by secondhand smoke 0.80 (0.400) 0.82 (0.384) 0.78 (0.417)
KETS: Good =1 if respondent has good knowledge about ETS risks 0.56 (0.497) 0.58 (0.494) 0.53 (0.499)
KETS: Excellent =1 if respondent has Excellent knowledge 0.16 (0.368) 0.19 (0.395) 0.13 (0.336)
*Income: $1,100-$5,600 =1 if yes 0.66 (0.473) 0.64 (0.481) 0.69 (0.463)
Income: $5,601-$10,100 =1 if yes 0.08 (0.273) 0.15 (0.359) 0.01 (0.105)
Income: More than $10,100 =1 if yes 0.04 (0.205) 0.07 (0.258) 0.02 (0.128)

Note: *Monthly disposable income.
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3.7.2 Self-Reported Views on Smoking

For exploratory reasons, we elicited respondents’ attitudes towards smoking. First,

they were asked: “Should governments ban smoking at home and in private vehicles

when a nonsmoker is present?” An equal proportion of U.S. respondents (37%) voted

yes and no, respectively. At the same time, 26% are indifferent. In the U.K., 60%

of respondents answered in affirmative, only 16% voted no, and 24% are indifferent.

Second, we asked respondents: “Should governments empower kids exposed to

secondhand smoke at home to sue the smoker when they become adults?” Again,

there are cross-country discrepancies. Only 23% of U.S. respondents answered yes,

32% indicated no, and 45% are indifferent. In comparison, 33% of U.K. respondents

favor the law, 27% are against it, and the majority 40% are indifferent. These

discrepancies could be because more U.K. respondents are exposed to ETS in those

places than U.S. participants.

3.7.3 Results from Choice Experiments

To ensure that respondents did not engage in unethical practices, we checked the

possibility of consistently choosing a particular option before the estimation (see

Viscusi et al., 1991). We did not find any abnormal responses, but incomplete

responses were deleted. Following best practice guidelines (see Johnston et al., 2017;

Lancsar et al., 2017), we started with a simple model such as the conditional logit

(or fixed effect model) in eq. (3.4) and estimated more advanced ones like the mixed

logit/random parameters logit specified in eq. (3.5), and generalized multinomial

logit (G-MNL) in eq. (3.7). While the conditional logit model treats individual

preferences as homogeneous, the more advanced models account for heterogeneity

in taste and scale. We model all the variables as continuous, except the emotional

distress variable coded as a dummy. See Table C.1 and Table C.2 for the summary

statistics of the choice models variables.

In MXL I, we treat all parameters as normally distributed, except the payoff

parameter (health insurance premium or tax as the case may be), whereas all

parameters are normally distributed in MXL II. MXL III accounts for correlation
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among the random coefficients. Since each respondent completed eight tasks, we

anticipate correlated responses. Failure to account for this could bias the results (see

Carlsson et al., 2010).

In the G-MNL specification, we restrict gamma to zero to account for scale

heterogeneity (differences in error variance). Failure to account for this could produce

biased estimators (Haab et al., 1999; Fiebig et al., 2010; Johnston et al., 2017). This

model collapses to MXL if the coefficient of the scale parameter turns out to be

statistically insignificant. The MXL and G-MNL models were estimated through

maximum simulated likelihood with 500 Halton draws. We avoid confounding effects

on our results by not including covariates.

Concerning the coefficients’ interpretation of the results in Table 3.5 and Table 3.6,

it should be noted that signs of the attributes’ coefficients relate to how each affects the

dependent variable (choice probability). A negative coefficient shows the probability

of a decrease in utility. Overall, the signs of the coefficients are consistent with a

priori expectation. All the coefficients are statistically significant. U.S respondents

prefer policies with a higher reduction in health insurance premiums and lower ETS

health risks. However, the coefficient of a tax reduction in Table 3.6 is not statistically

different from zero. It is worthy to note that respondents prefer a higher probability

of reducing the risk of emotional distress than other risks.

It can be seen that the standard deviation coefficients are significant, meaning

that there is evidence of heterogeneity in taste across our samples. Further, the scale

parameter in G-MNL is significant, indicating scale heterogeneity. In Table 3.5, the

AIC and BIC favor MXL II, where all the coefficients are treated as random over

other models. However, the outcome is mixed in Table 3.6, where the AIC favors

MXL III, while BIC prefers MXL II. The log-likelihood function is higher in MXL

III. Revelt and Train (1998) recommended modeling the monetary variable as fixed;

however, like our results, Meijer and Rouwendal (2006) and Hole (2008) found that

allowing it to vary fits their data better.
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Table 3.5 Estimates of Choice Models (U.S.)

CL MXL I MXL II MXL III G-MNL
Variable Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.)
Stroke risk -0.051*** (0.004) -0.078*** (0.008) -0.093*** (0.009) -0.082*** (0.010) -0.114*** (0.019)
Lung cancer risk -0.065*** (0.003) -0.111*** (0.007) -0.126*** (0.009) -0.118*** (0.007) -0.194*** (0.042)
Coronary heart disease risk -0.042*** (0.002) -0.072*** (0.005) -0.081*** (0.006) -0.084*** (0.007) -0.122*** (0.024)
Emotional distress risk -0.583*** (0.049) -0.810*** (0.081) -0.885*** (0.094) -0.754*** (0.099) -1.414*** (0.321)
Health insurance premium 0.008*** (0.002) 0.015*** (0.003) 0.018*** (0.004) 0.013*** (0.004) 0.017*** (0.006)
Standard Deviation
Stroke risk 0.060*** (0.018) 0.051* (0.027) 0.084*** (0.018) 0.047 (0.050)
Lung cancer risk 0.084*** (0.006) 0.098*** (0.007) 0.086*** (0.006) 0.133*** (0.028)
Coronary heart disease risk 0.061*** (0.006) 0.071*** (0.006) 0.072*** (0.008) 0.090*** (0.017)
Emotional distress risk 0.928*** (0.104) 0.982*** (0.118) 0.948*** (0.113) 1.218*** (0.287)
Health insurance premium 0.054*** (0.007)
τ -1.051*** (0.193)
Observations 8656 8656 8656 8656 8656
Number of respondents 541 541 541 541 541
LL -2052.3809 -1892.622 -1870.189 -1867.287 -1887.0305
AIC 4114.762 3803.244 3760.378 3764.574 3794.061
BIC 4150.092 3866.838 3831.038 3870.564 3864.721
***p <0.01, **p <0.05, *p <0.10. Standard errors (in parentheses) are robust. Note: CL conditional
logit, MXL mixed logit, G-MNL generalized multinomial logit. MXL and G-MNL models were estimated
with user-written codes in Stata 16.

Table 3.6 Estimates of Choice Models (U.K.)

CL MXL I MXL II MXL III G-MNL
Variable Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.)
Stroke risk -0.049*** (0.004) -0.072*** (0.006) -0.083*** (0.007) -0.093*** (0.008) -0.169*** (0.039)
Lung cancer risk -0.071*** (0.003) -0.121*** (0.007) -0.134*** (0.009) -0.128*** (0.008) -0.258*** (0.064)
Coronary heart disease risk -0.044*** (0.002) -0.075*** (0.005) -0.083*** (0.005) -0.083*** (0.007) -0.154*** (0.042)
Emotional distress risk -0.670*** (0.050) -0.905*** (0.079) -0.984*** (0.089) -0.9034*** (0.099) -1.978*** (0.452)
Tax 0.0004 (0.002) 0.003 (0.004) 0.005 (0.004) 0.001 (0.004) -0.004 (0.011)
Standard Deviation
Stroke risk -0.037*** (0.007) 0.010 (0.014) 0.079*** (0.012) -0.037 (0.0312)
Lung cancer risk 0.095*** (0.007) 0.109*** (0.008) 0.099*** (0.007) 0.176*** (0.032)
Coronary heart disease risk 0.051*** (0.005) 0.063*** (0.008) 0.059*** (0.008) 0.039*** (0.014)
Emotional distress risk 0.817*** (0.099) 0.749*** (0.126) 0.846*** (0.094) 1.546*** (0.602)
Tax 0.056*** (0.006)
τ -1.240*** (0.209)
Observations 8864 8864 8864 8864 8864
Number of respondents 554 554 554 554 554
LL -2049.3869 -1853.223 -1829.104 -1816.832 -1835.985
AIC 4108.774 3724.446 3678.209 3663.664 3691.969
BIC 4144.223 3788.253 3749.106 3770.01 3762.867
***p <0.01, **p <0.05, *p <0.10. Standard errors (in parentheses) are robust. Note: CL conditional
logit, MXL mixed logit, G-MNL generalized multinomial logit. MXL and G-MNL models were estimated
with user-written codes in Stata 16.
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3.7.4 Results from Latent Class Model

Since the MXL model results show heterogeneity in our samples, we use a latent class

logit model to sort respondents into different groups comprising identical preferences.

We estimate three classes, which are determined using AIC and BIC. It is assumed

that preferences are homogeneous within a class but heterogeneous across classes

(Greene and Hensher, 2003). Ultimately, the model allows us to see how respondents

in each class value the attributes. In our latent class model, class membership is

explained by a constant. Thus, the likelihood of belonging to each group is constant

across respondents (see also Adamowicz et al., 2011; Hole, 2008).

We model the payoff as homogeneous in Table 3.7, while we allow it to vary in

Table 3.8. Specifying it this way gives our data a better fit. All the coefficients

in Table 3.7, have the expected signs and are statistically significant, except the

coefficient of emotional distress in class 3. This shows that emotional risk is not

paramount to about 30% of respondents. Indeed, ETS may not cause emotional

distress to a nonsmoker, depending on where their exposure takes place and the

frequency. Furthermore, the log-likelihood is similar to the mixed logit model in

Table 3.7, where all the coefficients are allowed to vary. This is consistent with the

findings of Hole (2008). The majority of respondents belong to class 1, followed by

classes 3 and 2, respectively.

As per the U.K. results, Table 3.8 shows that all the coefficients have the expected

signs, except in class 2, where the tax coefficient is negative. It can be seen that

the results vary substantially across classes. Most of the coefficients in class 2 are

statistically significant, while only coronary heart disease risk and emotional distress

are significant in class 1. In class 3, stroke risk and lung cancer risk are significant.

The vast majority of respondents belong to class 1, followed by classes 2 and 3,

respectively. Although the results of CL, MXL, and G-MNL presented in Table 3.6

show that the tax coefficient is not significant, the latent class model helps us see

that it is significant for class 3 respondents.
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Table 3.7 Latent Class Logit Model Estimates (U.S.)

Class 1 Class 2 Class 3
Variable Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.)
Stroke risk -0.117*** (0.014) -0.035*** (0.009) -0.047*** (0.018)
Lung cancer risk -0.088*** (0.010) -0.012*** (0.005) -0.339** (0.174)
Coronary heart disease risk -0.093*** (0.009) -0.005* (0.005) -0.051*** (0.0188)
Emotional distress risk -1.106*** (0.172) -0.240*** (0.083) -2.020 (1.704)
Health insurance premium 0.011*** (0.003)
Constant 0.362* (0.210) -0.097 (0.189)
Class share 0.429 0.272 0.299
Observations 8656
Number of respondents 541
LL -1870.319
***p <0.01, **p <0.05, *p <0.10. Standard errors are in parentheses.
Note: Health insurance premium is specified as homogeneous.

Table 3.8 Latent Class Logit Model Estimates (U.K.)

Class 1 Class 2 Class 3
Variable Coeff. (S.E.) Coeff. (S.E.) Coeff. (S.E.)
Stroke risk -0.013 (0.010) -0.135*** (0.018) -0.079*** (0.022)
Lung cancer risk -0.001 (0.006) -0.126*** (0.017) -0.296*** (0.040)
Coronary heart disease risk -0.019*** (0.004) -0.098*** (0.012) -0.032 (0.026)
Emotional distress risk -0.377*** (0.110) -1.757*** (0.381) -0.778 (0.479)
Tax 0.009 (0.008) -0.037*** (0.015) 0.048*** (0.016)
Constant -0.245 (0.188) 0.432** (0.199)
Class share 0.480 0.293 0.228
Observations 8864
Number of respondents 554
LL -1803.912
***p <0.01, **p <0.05, *p <0.10. Standard errors are in parentheses.
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Table 3.10 presents the estimated WTA and 95% confidence intervals. The

WTA estimates derived from the MXL II model are $3,067.57 for a potential stroke

risk, $4,138.16 for lung cancer risk, $2,677.89 for coronary heart disease risk, and

$28,939.14 for emotional distress risk. Comparing the estimates of the three classes

in the latent class model, the WTA are $6,410.28, $1,912.11, and $2,606.68 for stroke

risk; $4,809.25, $668.09, and $18,606.71 for lung cancer risk; $5,114.62, $515.28, and

$2,822.96 for coronary heart disease; $60,766.10 and $13,210.01 for emotional distress,

respectively.

Regarding the U.K. results presented in Table 3.10, we estimate the WTA of class

3 only because the tax coefficient is either not in line with theory or not statistically

significant in other classes. The WTA is $3,424.69 for stroke risk and $12,731.80 for

lung cancer risk.
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Table 3.10 Latent Class: Willingness to Accept (U.K.)

Class 1 Class 2 Class 3
Variable Coeff. (C.I) Coeff. (C.I) Coeff. (C.I)
Stroke risk DNA DNA 3424.69 (942.974-5906.40)
Lung cancer risk DNA DNA 12731.8 (6536.89-18926.7)
Coronary heart disease risk DNA DNA DNA
Emotional distress risk DNA DNA DNA
Note: 95% confidence interval in parentheses was simulated through
the Delta method. DNA means does not exist. The coefficients, which
were derived by multiplying the WTA formula by the respondents’
average monthly tax are in USD at £/1.37USD.

3.7.5 Results from CV Data

We start by conducting diagnostic tests. The distribution of WTP shows that it is

skewed to the left, and using it at levels can lead to biased predictions because it

forces the effects of the independent variables to be additive (Cameron and Trivedi,

2010). Thus, we conduct the Box-Cox specification test on the log of WTP. The

test favors the log-linear specification. We further test the functional form of the

conditional mean of ln(WTP) using the Ramsey RESET test. We do not reject

the null hypothesis that the conditional mean of ln(WTP) is correctly specified.

Although the standard errors are specified as robust, we formally test for the presence

of heteroskedasticity using the Breusch-Pagan/Cook-Weisberg test. Again, we do

not reject the null hypothesis of homoskedasticity.

We conduct robustness checks using quantile regression (median regression). We

further estimate a two-part model (or the so-called double hurdle model), but most

of the coefficients were not statistically different from zero; thus, we do not present

the results.

We pooled the U.S. and U.K. data and estimate the difference using a dummy

variable and further estimate separate models using country-level data sets. The

coefficient of the dummy variable in Table 3.11 is positive and statistically significant.

This shows that U.S. respondents value ETS health risks more than their U.K.

counterparts. In both countries, WTP declines with female respondents. Suspecting

that the income effects might be responsible for this, we interact income with gender,

but it is consistently negative and insignificant. The results are presented in Table C.4.
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U.S. respondents who are living with a partner or spouse value ETS health risks

less. However, those whose partner/spouse smokes in both countries are willing to

pay more to prevent further ETS exposure. U.K. respondents suffering from or have

experienced a serious ill-health are willing to pay more to avert ETS exposure. Also,

U.K. respondents exposed at home/vehicle and are distressed by it value it more

than their counterparts. In terms of knowledge, only U.S. respondents with excellent

knowledge about ETS health effects are willing to pay more to prevent exposure.

Furthermore, income is a significant predictor of WTP.

Table 3.11 OLS and Tobit Models Estimates (dep. var: ln(WTP))

Pooled U.S. U.K.
Variable OLS Tobit OLS Tobit OLS Tobit
Dummy† 0.503*** (0.136) 0.499*** (0.133)

Male 0.622*** (0.122) 0.615*** (0.123) 0.412** (0.180) 0.402** (0.183) 0.832*** (0.163) 0.827*** (0.163)
Living with partner -0.342*** (0.130) -0.347*** (0.130) -0.538*** (0.194) -0.558*** (0.198) -0.166 (0.180) -0.157 (0.167)

Partner smokes 1.099*** (0.259) 1.104*** (0.286) 1.123** (0.556) 1.146** (0.507) 1.169*** (0.249) 1.162*** (0.332)
Health status 0.073 (0.125) 0.076 (0.124) -0.238 (0.192) -0.222 (0.189) 0.374** (0.160) 0.366** (0.158)

Exposure place×distress 0.573** (0.232) 0.577** (0.222) 0.397 (0.397) 0.495 (0.361) 0.791*** (0.301) 0.792*** (0.277)
ETS knowledge: Good 0.056 (0.141) 0.045 (0.142) 0.360 (0.224) 0.345 (0.228) -0.190 (0.179) -0.203 (0.174)

ETS knowledge: Excellent 0.106 (0.203) 0.086 (0.195) 0.573* (0.305) 0.552* (0.290) -0.289 (0.251) -0.304 (0.261)
Income: $1100-$5600 0.232 (0.152) 0.224 (0.157) 0.379 (0.259) 0.344 (0.275) 0.054 (0.186) 0.061 (0.182)
Income: $5601-$10100 0.503* (0.296) 0.481* (0.269) 0.665* (0.353) 0.634* (0.352) 1.422 (0.896) 1.427* (0.753)

Income: More than $10100 0.873** (0.338) 0.869*** (0.329) 1.246*** (0.408) 1.226*** (0.432) -0.117 (0.559) -0.109 (0.633)
Constant 3.333*** (0.210) 3.349*** (0.223) 3.893*** (0.334) 3.928*** (0.301) 3.196*** (0.265) 3.201*** (0.268)

sigma 2.614 (0.138) 2.937 (0.221) 2.143 (0.159)
Log-likelihood -1378.003 -709.256 -653.394

R-squared 0.122 0.032 0.093 0.023 0.144 0.042
Obs. 727 727 364 364 363 363

Note: ***p <0.01, **p <0.05, *p <0.10. Standard errors (in parenthe-
ses) are robust. † =1 if U.S. and 0 if U.K. The tobit model is left and
right-censored.

For robustness checks, Table 3.12 presents the results of the quantile or median

regression, using the 50th and 75th percentiles. It is worthy of note here that the

gender discrepancy still holds in both countries. Thus, it is sufficient to conclude that

women value ETS risks less than men. In most cases, the signs of the coefficients are

not different from those in Table 3.11.
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Table 3.12 Quantile Regression Model Estimates

U.S. U.K.
Variable Q(.50) Q(.75) Q(.50) Q(.75)
Gender 0.536*** (0.151) 0.523** (0.247) 0.733*** (0.204) 0.733*** (0.129)

Living with partner -0.313* (0.169) -0.523** (0.249) -0.182 (0.225) -
Partner smokes 0.562 (0.871) 1.347*** (0.294) 1.057*** (0.291) 0.693*** (0.224)
Health status -0.156 (0.151) -0.562** (0.226) 0.510** (0.205) 0.111 (0.132)

Exposure place×distress 0.941*** (0.320) 0.562 (0.478) 0.952*** (0.337) 0.763** (0.325)
ETS knowledge: Good 0.156 (0.171) 0.392 (0.254) -0.405* (0.233) -0.223 (0.222)

ETS knowledge: Excellent 0.156 (0.226) 0.036 (0.324) - -0.293 (0.208)
Income: $1100-$5600 0.536*** (0.189) 0.379 (0.501) 0.146 (0.211) 0.182 (0.223)
Income: $5601-$10100 0.693** (0.300) 0.680 (0.632) 1.427* (1.427) 1.457 (2.041)

Income: More than $10100 1.22*** (0.452) 1.427*** (0.529) 0.551 (0.979) 0.111 (0.911)
Constant 3.532*** (0.224) 4.748*** (0.545) 3.022*** (0.325) 4.226*** (0.325)
R-squared 0.031 0.069 0.098 0.062

Obs. 364 364 363 363
Note: ***p <0.01, **p <0.05, *p <0.10. Standard errors (in parenthe-
ses) are robust.
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We present the mean and median WTP of respondents in Table 3.13. U.S.

respondents are willing to pay $521.63 to prevent exposure to ETS compared to

$242.96 by U.K. respondents. This represents a one-off payment from respondents

one year tax. The difference is statistically significant (p < 0.01). The median WTP

is $100 compared to $68.57.

Table 3.13 Willingness to Pay (U.S. & U.K.)

Mean Median Obs.
U.S. $521.63 (1861.92) $100.00 364
U.K. $242.96 (1516.98) $68.57 363

Note: Standard deviations are in parentheses.

3.8 Discussion

Some insights emerge from our results. In Table 3.6, we find that the coefficient of

tax reduction is not significant, indicating that U.K respondents are indifferent to a

potential policy that would guarantee an increase in disposable income (monetary

payoffs) as compensation for exposure to ETS, but the reverse is the case for U.S.

respondents. It could be because the U.K. healthcare system is publicly-funded. In a

valuation study on preferences for cancer testing, Hollinghurst et al. (2016) concluded

that more research was needed to understand how U.K. participants perceive risks

because the authors found inconsistent responses.

Another possible reason why there are cross-country discrepancies is the argument

about altruism, warm glow, and social preferences. In this context, while it may be

difficult for an American to internalize social preferences, it is different for a British.

Bridges et al. (2003) linked social preferences to social capital, where individuals

share a sense of collectiveness or community instead of individualism. Furthermore,

it could be that U.K. respondents favor mitigation over compensation (see Knetsch,

1990). As already shown, more British than Americans favor a ban on smoking in

private places with a nonsmoker present.

However, sorting the individuals into three distinct classes in Table 3.8 provides

further insights. The results show a segment of the U.K. population that places a

monetary value on stroke and lung cancer risks. The results generally suggest that
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they are three segments of respondents with distinct preferences for ETS attributes.

Although living in the U.K., these could be individuals having private health insurance

or those not registered to a General Practice (GP); thus, they rely on out-of-pocket

payments to access healthcare services. Alternatively, it could be that the majority

of respondents exposed to ETS in private places - vehicle and home belong to this

class. Furthermore, it could be that this group is made up of migrants who paid for

health insurance upfront before moving to the U.K, and they place a higher value on

lung cancer than stroke. Other studies (Adamowicz et al., 2011; Andersson et al.,

2016) have reported similar class distinctions in respondents’ valuation of cancer

disease attributes.

Valuing a possible attribute - emotional distress, which is lacking in the health

valuation literature, provides a novel insight. Bridges et al. (2003) argued that

including possible attributes in choice experiments leads to a better inference. Our

results in Table 3.9 show that Americans value emotional distress more than other

attributes regardless of the group they belong. It is not clear why they put a very

high monetary value on this relative to other attributes. However, the American

Psychiatric Association (APA) has shown that mental illness is a serious problem in

the U.S. as about one in five adults suffer from some form of it (APA, 2018).

Concerning the CV results presented in Table 3.11, Americans are willing to pay

more than their British counterparts. It could be that agents in a private healthcare

system like the U.S. are more health risk-averse than individuals in a publicly-funded

healthcare system, who are certain about receiving free medical services. Other

studies have shown that more risk-averse agents have greater WTP to prevent health

risks (Fuchs and Zeckhauser, 1987; Liu et al., 1997; Congress, 1997; Smith et al.,

2004; Eeckhoudt and Hammitt, 2004).

Another interesting finding is the gender difference, which is consistent in both

countries. Our results show that male respondents are willing to pay more than their

female counterparts. This suggests that men are more health risk-averse than women.

The results are mixed in the valuation literature. While some findings are consistent

with ours (Frew et al., 2001; Adamowicz et al., 2011; Neumann et al., 2012; Tubeuf
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et al., 2015), others contradict it (Viscusi and Huber, 2012; Condliffe and Fiorentino,

2014; Andersson et al., 2015).

Respondents with a smoker partner/spouse are willing to pay more. This is not

surprising as studies have shown that a nonsmoker with a smoker partner/spouse

has a 30% higher risk of developing lung cancer than their counterparts with a

nonsmoking partner/spouse (Hirayama, 1984; Pressman, 1993).

Also, we find that U.K. respondents who have experience with some form of

serious ill-health have a higher value than their counterparts. This is plausible as

experience is the best teacher. They are willing to pay more to avoid further risks of

ill-health. Other studies have reported similar findings (Frew et al., 2001; Hammitt

and Zhou, 2006; Andersson et al., 2015).

Likewise, respondents exposed to ETS at home and private vehicles are willing

to pay more to avoid it. However, the U.S. result is not significant. This could be

because 35% of U.K. respondents are exposed in those places compared to only 16%

of U.S. respondents. It also worth mentioning that although smoking prevalence is

higher in the U.S, ETS exposure is generally more in the U.K.

U.S. respondents with excellent knowledge about ETS health effects are willing to

pay more. Likewise, Kenkel (1991) found that health knowledge decreases health-risk

behaviors among Americans. Furthermore, wealthier respondents are willing to pay

more because they have more to lose when they are afflicted with diseases (see also

Eeckhoudt and Hammitt, 2004; Adamowicz et al., 2011; Viscusi and Huber, 2012;

Andersson et al., 2015, 2019).

From Table 3.13, U.S. respondents are willing to pay twice more than their U.K.

counterparts. The U.S. respondents’ mean WTP is greater than the $494 American

smokers were willing to pay to avoid their child’s exposure to ETS annually (Agee

et al., 2001). It is also higher than the CAN$100 and CAN$225 Canadians were

willing to pay to reduce respiratory and cardiovascular diseases (Johnson et al., 2000).

However, Chinese valued chronic bronchitis risks due to air pollution between $500

and $1000 (Hammitt and Zhou, 2006), and $1,711-$2,717 for asthma (Peng and Tian,

2003; Guo et al., 2006).
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It is noteworthy that U.S. respondents engage in less risky behaviors relative

to their U.K. counterparts, probably due to their impact on patients’ insurance

premiums or out-of-pocket spending, just as people with car insurance are careful

not to record an accident. Thus, there is a moral hazard in a publicly-funded

healthcare system. It is also important to note that 13% of those exposed to ETS

at home/vehicle in the U.K. indicated that their exposure increased during the

COVID-19 lockdown. This is consistent with the findings of other studies conducted

in the U.K. (ASH, 2020; Yach, 2020).

3.9 Conclusions

This study reveals novel findings of how agents in private and publicly funded

healthcare systems differ in their valuation of a negative externality like environmental

tobacco smoke (ETS) health risks. As per the property rights debate, our results are

consistent with Hanemann (1991) and Shogren et al. (1994), who showed that in a

matter of life, WTA outweighs WTP.

We find that while Americans are positive towards a potential policy that offers a

monetary payoff for ETS exposure, the British, on average, are indifferent (neutral)

to such policy. We also find that Americans are more health risk-averse than

their British counterparts as they are willing to pay twice more than their British

counterparts to avoid ETS risks even though more Brits are exposed in private places

than Americans.

Our regression results show that men are more health risk-averse than women,

and the income effect is not responsible for this finding.

In a business-as-usual, where the current partial smoke-free laws continue, we

estimate that it would cost about $2.3 trillion to compensate nonsmoking Americans

for the effects of tobacco smoke. On the other hand, the total economic cost of

creating 100% clean air free from cigarette smoke in the U.S. is about $128.2 billion

compared to $13.1 billion in the U.K. These estimates are done with the nonsmoking

population of the respective countries. Notably, these values are comparable to the
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estimated costs of smoking reported by other studies (ASH, 2018b; Department of

Health, 2017; CDC, 2021a).

We recommend transferring monetary benefits to nonsmokers exposed to ETS

by recognizing the right of nonsmokers to 100% clean air and smokers’ right to

smoke where the law allows. This is because countries cannot eliminate smoking, and

nonsmokers do not directly benefit from tobacco tax revenue, especially in a private

healthcare setting (where citizens pay taxes in addition to health insurance premiums).

Alternatively, smokers should be given incentives to quit smoking. Intuitively, this

program’s cost would be the estimated total cost of creating a free-smoke environment

shown above.

Despite this study’s findings, we recommend that future studies value other

environmental hazards such as industrial air pollution, comparing different healthcare

systems. We also recommend eliciting smokers’ WTA compensation to quit smoking.
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Appendices for Chapter One

Appendix A.1

The Spike Model

Following the limitations of probit and logit models, Kriström (1997) proposes

the spike model. It is also built on the indirect utility function. The model is given

as:

u(y − WTP, q1) = u(y, q0) (A.1)

where y,q1,q0 are as defined before. Suppose the bid amount presented to a household

is A. The probability that a household’s WTP is not greater than the amount A is

prob(WTP ≤ A) = Fwtp(A) (A.2)

where Fwtp(A) is a right, continuous nondecreasing function. Thus, the E(WTP ) is

E(WTP ) =
∫ ∞

0
1 − Fwtp(A)dA −

∫ 0

−∞
Fwtp(A)dA (A.3)

For the model to be estimated, different bid amount A is randomly assigned to

different subgroups sorted according to the number of A. WTP is assumed to have
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the following distribution functions:

Fwtp(A) = 0 if A < 0 (A.4)

p if A = 0

Gwtp(A) if A > 0

where p belongs to (0, 1) and Gwtp(A) is a continuous and increasing function.

Gwtp(0) = p and lim A → ∞Gwtp(A) = 1. Hence, there is a jump (discontinuity) or

a spike at zero (Kriström,1997).

Si = 1 if WTP > 0 (0 otherwise) (A.5)

Ti = 1 if WTP > A (0 otherwise) (A.6)

The log-likelihood function is given by

lnL
N∑

i=1
SiTiln[1−Fwtp(A)]+Si(1−Ti)ln[Fwtp(A)−Fwtp(0)]+(1−Si)Fwtp(0) (A.7)

Deriving the Mean WTP from the Conventional Models

The Logit & Probit Models

Untruncated Mean WTP:

α

β
: −• < WTP < • (A.8)

Untruncated Median WTP:

α

β
: −• < WTP < • (A.9)
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Truncated Mean WTP at zero:

ln(1 + exp(α))
β

: 0 < WTP < • (A.10)

Truncated Mean WTP at maximum bid:

1
β

ln[ (1 + exp(α))
(1 + exp(α − βBmax)) ] : 0 < WTP < Bmax (A.11)

The Spike Model

Mean WTP:

ln[1 + exp(α)] : 0 < WTP < • (A.12)

Median WTP:
α

β
if [1 + exp(−α)]−1 < 0.5 and 0 otherwise (A.13)
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Appendix A.2

Table A.1 Other Summary Statistics

Variable Definition Mean Std. Dev Min. Max.
Kero-Lantern Use Kero(1=yes, 0 otherwise) 0.63 0.483 0 1
Lantern cost Monthly expenditure N1181.25 1.703 N250 N3496.50

Own 3-stone-fires Use 3-sf(1=yes, 0 otherwise) 0.94 0.246 0 1
Num_children Number of children 5.42 3.523 1 26
Fuelwood_time Monthly hours spend gathering fire wood 16.20 9.113 0 24

Cook_time Number of hours it takes to cook on 3sf 2.71 1.253 1 12
ICS_knwlg Knowledge about ICS(1=yes, 0 otherwise) 8% 0.275 0 1

RE Knowledge
Very poor 0.45

Poor 0.30
Average 0.18
Good 0.05

Excellent 0.02
s1(PPV) Vote for the program(1=yes, 0 otherwise) 0.99 0.096 0 1
s2(ICS) Vote for the program(1=yes, 0 otherwise) 0.94 0.016 0 1
Certain Certain to pay(1=yes, 0 otherwise) 0.99 0.096 0 1
Govt Government to manage the program(1=yes, 0 otherwise) 0.26 0.438 0 1

Envir_mem Member of an environmental group(1=yes, 0 otherwise) 0.037 0.189 0 1
State of electricity

Very poor 0.60
Poor 0.33

Average 0.6
Good 0.1

Access Access to electricity(1=yes, 0 otherwise) 0.31
Blackouts Electricity blackouts(1=yes, 0 otherwise) 1 0 0 1

Blackouts_duration Daily hours of blackouts 19.17 6.234 6 24
Elect_bill Monthly electricity bill N1242.67 1.417 N448.87 N3699.67
Instrmt Opinion about the questionnaire(1=easy, 0=difficult) 0.82 0.388 0 1

3rd_party Presence of third party(1=yes, 0 otherwise) 0.55 0.499 0 1

Table A.2 Results of Pico-PV with Non-clustered Standard Errors

(1) (2)
Variable Coefficient (S.E.) Coefficient (S.E.)

Bid −0.003∗∗∗ −0.0017∗∗∗

(0.001) (0.0008)
Age -0.038∗∗∗ -0.021∗∗∗

(0.017) (0.009)
Female −16.809∗∗∗ -5.386∗∗∗

(0.911) (0.550)
Education 0.270 0.157

(1.449) (0.717)
Marriage 1.055 0.602

(0.642) (0.374)
Employment 0.360 0.206

(1.008) (0.541)
Income 16.122∗∗∗ 5.444∗∗∗

(0.928) (0.707)
Own pico-PV −2.140∗∗ -1.221∗∗

(1.129) (.641)
Female X Inc −16.127∗∗∗ -5.480∗∗∗

(1.272) (0.859)
Female X Edu 16.483∗∗∗ 5.305∗∗∗

(0.966) (0.551)
Constant 21.179∗∗∗ 7.801∗∗∗

(1.982) (1.006)
WTP $2.80 $2.92

N 218 218
Log-likelihood -47.154 -47.003

AIC 118.31 118.006
BIC 158.921 158.620

∗ ∗ ∗p < 0.01, ∗ ∗ p < 0.05, ∗p < 0.10. Standard errors in parentheses are robust.
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Table A.3 Results of ICS with Non-clustered Standard Errors

(1) (2)
Variable Coefficient (S.E.) Coefficient (S.E.)

Bid −0.002∗ -0.001
(0.001) (0.0009)

Age −0.031∗∗∗ −0.017∗∗∗

(0.012) (0.006)
Female −0.687∗ −0.383∗

(0.393) (0.220)
Marriage −1.142∗ −0.664∗

(0.680) (0.375)
3-SF Expen 0.00008 0.00004

(0.00005) (0.00003)
Hshldsize 0.059 0.035

(0.048) (0.026)
Constant 4.617∗∗∗ 2.624∗∗∗

(1.240) (0.660)
WTP $2.87 -

N 218 218
Log-likelihood -95.150 -95.165

AIC 204.30 204.33
BIC 227.99 228.02

***p <0.01, **p <0.05, *p <0.10. Standard errors in parentheses are robust.



158 Appendices for Chapter One

Appendix A.3

We present the comment of a poor woman who longs for a welfare improving

alternative sources of energy.

“Since I spend more on kerosene and firewood, I prefer to have the pico-PV and ICS
to improve my lifestyle even though aged and needy. Please get me them soon!”
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Appendices for Chapter Two

Appendix B.1

Other variables not used in the analyses are presented Table B.1.

Table B.1 Other Descriptive Statistics

Variable Mean Standard deviation

Blackout (hrs) 7.03 2.3204
Electric bill N5132.79 4142.21
Gen. running cost N6196.37 2573.44
Own HSS 0.0183 0.007
Children 2.5 1.259
Household size 4.24 2.314
Envirn. member 0.012 0.110
Govt to manage 0.30 0.462
Certain to pay
Scenario I 0.63 0.484
Scenario II 0.66 0.476
Scenario III 0.63 0.467
Scenario IV 0.72 0.451
Nature of questionnaire
Easy 0.92 0.275
Third party present 0.79 0.410
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Table B.2 Summary of mean WTP across Classes

Group Scenario I Scenario II Scenario III Scenario IV

Full sample $9.53 $11.04 $8.14.58 $14.58

House owners $12.95 $14.29 $11.15 $21.68
Renters $8.53 $10.02 $8.05 $12.63

Generator Users $9.75 $12.74 $9.45 $16.99
Non-users $8.82 $7.49 $7.09 $9.79

High-income $14.37 $16.82 $11.55 $23.12
Low-income $7.71 $9.09 $7.68 $11.94
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Robustness Checks

Table B.3 illustrates the WTP estimates derived through the Krinsky and Robb

(1986) method. Although their estimates are the same as those of the Delta procedure,

their confidence intervals differ. Using the Delta method is more convenient because

it gives the standard errors too.
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Appendix C.3

Table C.1 Summary Statistics of Choice Experiment Models (U.S.)

Utility function variables Description Mean Std. Dev. Min. Max. Obs.

Stroke risk Continuous 17.38 5.566 10 25 8656
Lung cancer risk Continuous 22.51 11.758 8 38 8656
Coronary heart disease risk Continuous 20.33 11.473 5 35 8656
Emotional distress risk Dummy 0.5 0.500 0 1 8656
Health insurance premium Continuous 14.900 11.224 0 30 8656

Table C.2 Summary Statistics of Choice Experiment Models (U.K.)

Utility function variables Description Mean Std. Dev. Min. Max. Obs.

Stroke risk Continuous 17.34 5.587 10 25 8864
Lung cancer risk Continuous 22.67 11.724 8 38 8864
Coronary heart disease risk Continuous 20.31 11.453 5 35 8864
Emotional distress risk Dummy 0.5 0.500 0 1 8656
Tax Continuous 14.900 11.224 0 30 8864
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We present other summary statistics not used in the models in Table C.3.

Table C.3 Other Summary Statistics

Variable Description Mean (Std. Dev.)

Pooled US UK

ETS frequency =1 if ETS exposure is 4 to 7 times a week 0.58 (0.493) 0.45 (0.498) 0.72 (0.450)
ETS COVID-19 =1 if ETS exposure increased during COVID-19 lockdown 0.13 (0.334)
Consume alcohol =1 if respondent consumes alcohol 0.68 (0.466) 0.56 (0.497) 0.80 (0.401)
Alcohol quantity =Average glasses of alcohol per week 2.7 (4.278) 2.1 (4.235) 3.4 (4.236)
Age =Average age in years 32.2 (11.215) 31.4 (10.511) 32.1 (11.839)
High school diploma =1 if yes 0.18 (0.386) 0.21 (0.411) 0.15 (0.356)
College diploma =1 if yes 0.44 (0.497) 0.49 (0.500) 0.40 (0.492)
University degree =1 if yes 0.24 (0.424) 0.24 (0.427) 0.23 (0.422)
Other educ =1 if yes 0.14 (0.349) 0.06 (0.253) 0.21 (0.411)
Children =1 if children are living in household 0.33 (0.469) 0.33 (0.472) 0.32 (0.467)
Pet =1 if respondent owns a pet 0.49 (0.500) 0.55 (0.498) 0.43 (0.496)
Hhold size =Household size 3.2 (1.446) 3.1 (1.385) 3.2 (1.505)
Employment =1 if in full employment 0.71 (0.454) 0.73 (0.444) 0.69 (0.463)
Apartment =1 if living in own apartment 0.54 (0.498) 0.55 (0.498) 0.54 (0.499)
Env group =1 if respondent belongs to an environmental group 0.06 (0.231) 0.08 (0.267) 0.04 (0.186)
Race =1 if white 0.72 (0.449) 0.63 (0.629) 0.81 (0.393)
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Robustness Checks

The results in Table C.4 show that the income effects do not drive the gender

difference. As can be seen, interacting gender with income turns out negative and

statistically insignificant in most cases.

Table C.4 Model Estimates with Interactions

Pooled Data US UK
Variable OLS Tobit OLS Tobit OLS Tobit
Dummy† 0.504*** (0.136) 0.500*** (0.133)
Gender 0.912*** (0.272) 0.895*** (0.273) 0.532 (0.470) 0.462 (0.481) 1.323*** (0.339) 1.325*** (0.318)

Exposure place×distress 0.554** (0.233) 0.559** (0.222) 0.378 (0.395) 0.379 (0.362) 0.807*** (0.301) 0.809*** (0.275)
Income: $1100-$5600 0.366** (0.183) 0.353* (0.197) 0.454 (0.358) 0.384 (0.388) 0.238 (0.212) 0.248 (0.213)
Income: $5601-$10100 0.531 (0.425) 0.497 (0.379) 0.598* (0.257) 0.517 (0.501) 1.473*** (0.230) 1.484 (1.473)

Income: More than $10100 1.370*** (0.357) 1.358*** (0.488) 1.746*** (0.470) 1.689** (0.678) 0.631 (0.544) 0.643 (0.672)
Living with partner -0.333** (0.131) -0.339*** (0.130) -0.486*** (0.196) -0.568*** (0.198) -0.127 (0.179) -0.118 (0.167)

Partner smokes 1.081*** (0.257) 1.087*** (0.286) 1.109** (0.550) 1.133** (0.508) 1.172*** (0.247) 1.165*** (0.331)
Health status 0.067 (0.126) 0.070 (0.124) -0.244 (0.194) -0.230 (0.189) 0.375** (0.160) 0.367** (0.159)

ETS knowledge: Good 0.043 (0.140) 0.032 (0.142) 0.350 (0.225) 0.345 (0.228) -0.201 (0.180) -0.214 (0.173)
ETS knowledge: Excellent 0.106 (0.203) 0.086 (0.195) 0.579* (0.305) 0.560* (0.290) -0.302 (0.251) -0.316 (0.259)
Male×income: $1100-$5600 -0.349 (0.309) -0.338 (0.309) -0.142 (0.518) -0.074 (0.533) -0.625 (0.386) -0.635* (0.372)
Male×income: $5601-$10100 -0.156 (0.572) -0.132 (0.507) -0.133 (0.711) 0.212 (0.673) -0.363 (1.220) -0.376 (1.715)

Male×income: More than $10100 -0.948 (0.608) -0.929 (0.646) -0.787 (0.725) -0.714 (0.861) -2.348*** (0.770) -2.361* (1.310)
Constant 3.247*** (0.222) 3.266*** (0.238) 3.857*** (0.402) 3.920*** (0.426) 3.034*** (0.276) 3.036*** (0.282)

sigma 2.604 (0.138) 2.927 (0.221) 2.113 (0.157)
Log-likelihood -1376.7218 -712.1583 -650.842

R-squared 0.125 0.033 0.096 0.024 0.155 0.045
Obs. 727 727 364 364 363 363

Note: ***p <0.01, **p <0.05, *p <0.10. Standard errors (in parenthe-
ses) are robust. † =1 if US and 0 if UK. The tobit model is left and
right-censored.

The proportion of zero responses are presented in Table C.5. About 33% of

U.S. respondents gave zero relative to 34% of U.K. respondents. We treat this as

a protest because most respondents said they are unwilling to pay for others’ risky

behaviors. We asked those that gave a positive value to indicate how sure they were

to pay the stated amount in reality. It can be seen that 13.49% of U.S. respondents

compared to 15.52% of U.K. respondents are not sure, 22.37% against 27.26% are

sure, and 14.97% compared to 22.74% are very sure to pay. Still, in this last category,

U.S. respondents are willing to pay $864.07 compared to $131 indicated by their

counterparts.
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Table C.5 WTP by Segment (U.S. & U.K.)

U.S. U.K.

Proportion (%) Mean WTP Proportion (%) Mean WTP

Protest 32.72 0 34.48 0
Not sure 13.49 $538.38 (1861.92) 15.52 $405.51 (2949.60)
Sure 22.37 $288.85 (667.09) 27.26 $242.70 (731.84)
Very sure 14.97 $864.07 (3323.28) 22.74 $131 (246.56)
No response* 16.45 $512.71 (1306.85) - -

Note: Standard deviations are in parentheses. *No response is a
segment of the sample that did not indicate how certain they were to
pay the stated WTP.
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