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ABSTRACT

Solar energy presents a highly viable alternative for backup electricity provision in
urban Nigeria, as the technology is now mature. Due to widespread electricity black-
outs, petrol and diesel generators are widely used, causing local air and noise pollu-
tion and contributing to climate change. However, the main clean alternative, solar,
has little foothold in the Nigerian energy market. The thesis explores whether house-
holds value the “clean power” benefit of the widespread adoption of solar energy for
backup electricity in residential estates. It employs a mixed-method approach using
semi-structured interviews, a survey, and a discrete choice experiment with 649 re-
spondents in Ibadan, a Nigerian city, to provide insights into preferences for clean and
quiet solar PV backup electricity on a residential estate as well as energy trading pref-
erences. Applying quantitative and qualitative methods, the study finds that consum-
ers are interested in dwelling in estates that only permit cleaner backup alternatives,
including solar and inverters, compared with the status quo option of staying in estates
with petrol or diesel generators. The study also finds that consumers are interested in
peer-to-peer energy trading, with differences in preferences for selling and buying ex-
cess electricity from neighbours. The thesis also finds that autarky aspirations and
financial benefits are key factors that influence participation in energy trading. The
findings demonstrate that whilst the electricity supply remains unreliable, there is an
opportunity for solar PV to claim a much larger share of the backup electricity market.
Furthermore, policymakers and clean energy providers keen to increase the uptake
of residential solar energy should highlight the clean and quiet benefits of solar energy
for the residents themselves. This research also demonstrates an opportunity to de-
velop and market clean, quiet estates that appeal to people concerned about the

health impacts of generator use.



IMPACT STATEMENT

This thesis investigates the preferences and choices of individuals and households
for solar PV as a form of backup electricity and preferences for engaging in peer-to-
peer energy trading. The findings in this research have a potential impact within and

outside academia.

This thesis contributes to the academic literature by analysing consumer preferences
for solar PV as a home attribute focusing on local benefits to residents. Furthermore,
this thesis also contributes to the literature on preferences for solar by providing a
fresh perspective on solar-PV as a form of backup electricity rather than focusing ex-
clusively on it to facilitate the clean energy transition. The use of choice experiments
to study preferences for backup energy and solar energy in Nigeria is also novel. This
study contributes to an emerging evidence base on the potential economic and social
value of peer-to-peer energy trading by outlining the possible financial benefits and

energy independence afforded by peer-to-peer energy trading.

Outside academia, there are some potential impacts of this research in developing
strategies to increase the uptake of Solar PV and innovative peer-to-peer Energy trad-
ing technology. The findings can inform residential estate developers that potential
purchasers are keen on clean and quiet estates that ban the use of noisy and air-
polluting generators and keen on estates that enable them to engage in peer-to-peer
energy trading. The findings have been summarized and disseminated to the Nigerian

Institution of Estate Surveyors and Valuers (NIESV).

The findings in this research have been circulated to a broader audience within and
outside academia. The results of this thesis have also been summarised in two re-
search papers submitted to relevant peer-reviewed journals for publication. | have also
presented results from this thesis at academic conferences and a PhD summer
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1. CHAPTER 1: INTRODUCTION

Chapter Overview
This chapter provides an introduction and sets the study's context and motivation. The
context focuses on the multifaceted electricity problems in Nigerian cities and the po-
tential role of decentralized renewable energy (RE) in solving these problems. The
chapter also provides a rationale for the study by presenting the case for ‘green’ resi-
dential estates where backup energy generation is through solar PV systems instead
of diesel and petrol-fired generators. In addition, it also presents the case for energy
exchange among residents in such estates. The remainder of chapter 1 outlines the
research questions, objectives and scope. It also presents readers with the main find-
ings from the study and a structure for reading the thesis. Finally, this chapter provides

a layout that serves as a guide for reading the thesis.

1.1.Context and Rationale for the Study
Three key energy policy goals in developing countries are energy access, reliability,
and sustainability. Despite progress made in the past decade with the United Nations
Sustainable Development Goal (SDG) 7 to ensure access to affordable, reliable, sus-
tainable and modern energy for all, with more than one billion people gaining access
to electricity globally, there is still a large access deficit in Africa (World Bank, 2021b).
In 2019, eight of the top ten countries with an electricity access deficit globally were in
Africa (See Figure 1-1 below). In Sub-Saharan Africa alone, about 570 million people
are still without access to electricity, and the top three countries with the highest num-

ber of people without access are in Africa.

Figure 1-1: Population without access to electricity of top 20 access-deficit countries (million)
Million
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Data source: World Bank (2021b)
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Inadequate electricity access in Sub-Saharan Africa is a constraint on the quality of
life for residents in the region, as they cannot enjoy the benefits full access to electric-
ity brings in terms of public service provision. Indeed, public service in areas such as
municipal services is limited due to inadequate electricity access, with effects on the
provision of properly lit streetlights and innovative technology adoption in areas such
as healthcare, education, and agriculture, amongst others. The access rate on the
continent (48 per cent) lags behind other regions (global average of 90 per cent in
2020). This number of people without access on the continent has risen in recent
decades, as the access rate has been outstripped by rising population growth. In rural
parts of sub-Saharan Africa, the access rate of 29 per cent is much lower than the
global average of 83 per cent (WDI, 2022)

Furthermore, the literature has shown linkages between electricity demand and ac-
cess constraints. Evidence from a study by Blimpo, Postepska and Xu (2020) shows
that a significant portion of the access gap in 31 African countries can be accounted
for by factors related to electricity demand on the continent. These demand gaps can
constrain investment, given the challenges with the financial viability of electricity ac-
cess. Inadequate access to power often leaves households and firms with long hours
of brownouts, which affects the potential utilisation of electricity by end-users. Several
African countries have reliability challenges with countries. As of 2014, countries such
as Nigeria, Ghana, Liberia and Guinea had about half of households without any elec-
tricity supply, despite having a grid connection (Blimpo and Cosgrove-Davies, 2019).
Improved reliability of power on the continent can aid the uptake of electricity as reli-
ability improvements would encourage productive use of electricity and attendant eco-

nomic benefits.

The importance of reliability, capacity, and durability of off-grid electricity solutions is
also crucial to household uptake. Policy-wise, although consistent progress has been
made since 2019, many countries in Sub-Saharan Africa are still without advance-
ments in policies and regulations to improve access as of 2021. Two notable exemp-
tions on the continent are Nigeria and Ethiopia, the two largest energy access-deficit

countries (World Bank, 2022). These countries have made policy progress with the
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adoption of policy and regulatory measures on electrification planning, frameworks for
mini-grids and off-grid systems, and consumer affordability of electricity. Against this
backdrop, this thesis investigates the adoption preferences of consumers in Nigeria
for off-grid solutions, notable solar PV and Peer-to-Peer (P2P) energy trading, as

would be outlined further in this chapter.

1.2.Access to Electricity in Nigeria
In Nigeria, people without access increased from 83 million in 2010 to 90 million in
2019, representing 12 per cent of the global access deficit. Most households con-
nected to the power grid experience daily outages and frequent voltage fluctuations,
relying on diesel and petrol-fired generators and rechargeable batteries to meet elec-
tricity supply needs (World Bank, 2020a).

During the COP26 discussions, Nigeria announced plans to reach net zero by 2060
(Climate Action Tracker, 2021). This new target is aligned with the government's re-
vised Nationally Determined Contribution (NDC) submission to the United Nations
Framework Convention on Climate Change (UNFCCC) in July 2021. The revised NDC
included plans to eliminate diesel and petrol generators for electricity generation by
2030 and use 13 GW off-grid RE, including mini-grids and solar home systems (FGN,
2021). The achievement of these targets will require increased scale-up of RE sources
and associated battery storage. As solar PV and battery prices are expected to decline
rapidly, innovative digital technologies are needed to integrate renewables further
(IEA, 2020).

1.2.1. Generator Use in Nigeria

Erratic grid supply has led to reliance on self-generation through backup (diesel and
petrol-fired) generators to meet electricity demand. Challenges associated with using
these generators include high running costs as they need to be constantly fuelled.
Running these generators is estimated to cost 6 to 10 times more than paying for grid-
supplied electricity (Radwan and Pellegrini, 2010). The REA (2017)! estimated that

1 In conjunction with the World Bank and Rocky Mountain Institute (RMI)
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Nigerians spend $14 billion annually on inefficient generation, primarily through these

generators.

The generators also lead to noise and environmental pollution, contributing to climate
change due to the carbon emissions associated with them?. There are also fire, safety
and health risks from these generators' exhaust fumes (Vanguard Newspaper, 2013).
Diesel exhaust fumes contain toxic substances such as particulate matter (PM) 2.5,
benzene, arsenic and formaldehyde (Awofeso, 2011). The particles from diesel ex-
haust are tiny enough to penetrate deep into the lungs resulting in various health ef-
fects ranging from irritation of the nose and eye to swollen airways, headache, fatigue,
nausea and respiratory changes (Gulati, 2010). Such exposure can also lead to
chronic effects, including cardiovascular diseases, respiratory diseases and lung can-
cer (Brook et al., 2010; Benbrahim-Tallaa et al., 2012; Silverman et al., 2012; WHO,
2012). In Nigeria, there is growing evidence of the effect diesel exhaust has on the
incidence of lung cancer and declining lung function among non-smoking urban gen-
erator users (Salami, Adeoye and Adegboye, 2010; Awofeso, 2011; lyogun, Lateef
and Ana, 2018). The HEI (2018) also pointed out a high outdoor concentration of par-
ticulate matter in Nigeria, above the World Health Organization (WHQ) guideline® for

healthy air.

Constant exposure to excessive or repetitive noise over a sustained period (such as
exposure to sounds above a range of 70-75 decibels) can also result in health prob-
lems such as loss of hearing, hearing dysfunction, high blood pressure, sleep depri-
vation and abnormal development of unborn children (Selander et al., 2016). Studies
conducted in Northern, Eastern, Southern and Western Nigerian cities reveal that in-
door and outdoor sound levels from generator use often exceed the WHO acceptable

limits of 70dB(A) for regular discussions and 30dB(A) for sleeping and resting

2 Moss and Gleave (2014) estimate that generator use in Nigeria produces 29 million metric tons of CO2 annually.
3 The WHO set the Air Quality Guideline for annual average PM2.5 concentrations at 10 pg/m? based on evidence
of health effects of long-term exposure to PM2.5. The WHO also suggested three interim targets set at
progressively lower concentrations: 35 pg/mé, 25 ug/m?3, and 15 pg/m3. As at 2016, annual average PM2.5

concentrations in Nigeria were estimated at 122 pg/m?, one of the highest globally (HEI, 2018).
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(Mbamali, Stanley and Zubairu, 2012; Menkiti and Agunwamba, 2015; Onwuka,
Ezigbo and Eneche, 2017; Giwa, Nwaokocha and Adeyemi, 2019; Heinemann et al.,
2022). Generator use in Nigeria has also been linked to psychosocial and behavioural
problems, including quarrels/verbal confrontations leading to fractious/tense relation-
ships between generator users and their neighbours (Yesufu, Ana and Umar, 2013;
Osagie et al., 2016). In addition to reducing the quality of life, air pollution also has
adverse effects on economic outcomes, including loss of productive labour, income

and productivity and reducing the competitiveness of cities. (Narain et al., 2016).

There is a growing debate on banning the importation and use of generators in Nige-
ria. Some residential estates have started to impose restrictions on generators in the
country, such as when they can be used (Alao, 2018). Oseni (2016) contributed to this
debate by examining the policy question regarding government banning or encourag-
ing self-generation. However, the study was limited to household preferences for dis-
pensing with generators as a source of backup electricity and did not consider the use
of alternative sources of backup energy such as solar PV. There is a need to further
investigate the preferences of Nigerian households for using solar PV as a source of
backup power instead of generators, considering the negative externalities that arise

from generator use.

Furthermore, due to fuel scarcity which occurs from time to time in Nigeria, the security
of supply for diesel and petrol is not guaranteed. These periods of fuel scarcity often
result in consumers buying petrol at much higher unofficial market* prices to meet their
energy needs (Al Jazeera, 2017; The Nigerian Tribune, 2017). There are also in-
stances of voltage disturbances or collapses associated with electricity supplied via
the grid resulting from generation sources located remotely from Nigeria's load centres
(Somefun, 2015; Adetokun, Ojo and Muriithi, 2021; Jacal et al., 2022).

Firms are not left out as a World Bank (2016) survey showed that 80 per cent of Ni-

gerian companies count electricity as a significant constraint to growth. Continued

4 Otherwise known as the “black market”.
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reliance on generators® to power electricity supply contributes to the extraordinarily
high cost of doing business in Nigeria. In 2015 an average manufacturing firm in Ni-
geria lost about 17 per cent of its sales due to power outages compared to less than
one per cent for firms in China, South Africa and Russia and five per cent for those in
Ethiopia (Buba et al., 2016).°

1.2.2. Solar Energy in Nigeria

Solar energy presents a viable alternative for urban energy consumers in Nigeria to
meet their electricity needs. Firstly, there is a vast abundance of solar radiation all
around the country due to its position on the equator, with an annual daily average of
total solar radiation in the country ranging from 3.5—7.0kWh/m? (Ohunakin et al.,
2014). Studies have also shown that solar power has the potential to provide access
to clean energy in Nigeria, where the traditional grid has not been able to provide
stable electricity (Adurodija, Asia and Chendo, 1998; Bugaje, 1999; Adeoti, Oyewole
and Adegboyega, 2001; Oparaku, 2002, 2003; Ohiare, 2014; Ohunakin et al., 2014;
Ugulu, 2016; Elegbede et al., 2021).

Secondly, when compared with diesel generators on a lifetime basis, solar PV sys-
tems are already cost-competitive in Nigeria, costing an average of $0.20 per KWh’
in comparison to diesel generators, which cost an average of $0.30 per KWh (Roche,
Ude and Donald-Ofoegbu, 2017, p. 23). If solar prices continue to fall globally
(Bloomberg New Energy Finance, 2017, 2020), solar energy in Nigeria could be cost-
competitive with the grid.

Thirdly, being a renewable form of energy, it does not contribute to climate change;
rather, it aids in mitigation efforts. Additionally, using solar energy to meet electricity

5 For example, as at 2007, Nigeria's Largest Telecoms company, MTN spent about $66m annually on diesel to
fuel 6,000 generators at its base stations, a figure which might have increased due to expansion over time. (Daily
Trust, 2007)

6 However, the scope of this study is limited to households and not firms due to the focus on the benefits

households derive from collective adoption
7 Including costs for battery storage.
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demand aligns with the Nigerian government’s policy target to contribute 30 per cent
to on-grid generation capacity by 2030 (FGN, 2016). The technology also addresses
the noise and air pollution risks associated with backup generators. It reduces the
health, fire and safety risks related to backup generators as it does not involve the
combustion of highly flammable fuels such as diesel and petrol. Nowadays, smart
meters accompany solar home systems, which means they can be used to address
the challenge of inadequate metering associated with electricity supplied through the

conventional grid.

1.2.2.1. Barriers to solar PV adoption in Nigeria
However, despite the established evidence of the country's vast solar energy poten-
tial, adoption in the country has been slow. As of 2018, solar PV accounted for less
than one per cent of Nigeria’s installed electricity capacity (IEA, 2018). Between June
2015 and 2020, only 1.2 million small-scale solar products were sold®. In 2021, only
about 33MW of solar PV capacity was installed in the country, up from 15MW in 2013
(see Figure 1-2).

Figure 1-2: Installed Solar PV capacity (MW) in Nigeria
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The reasons usually cited for consumers in Nigeria being unwilling to adopt solar en-
ergy as an alternative to their erratic grid supply and backup generators include high
upfront costs and substandard products, eroding consumers’ confidence in the tech-

nology (Ohunakin et al.,, 2014; Thompson, 2021). Other factors include technical

8 Estimated based on Global Off-Grid Solar Market Reports (Sales and Impact Data) between 2015-2020 from
GOGLA, 2021.
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barriers and challenges with the widespread availability of skilled personnel for ade-
guate installation, maintenance, and operation (Ugulu and Aigbayboa, 2019; Olanite
and Nwohu, 2022). Similarly, solar adoption in the country is stymied by sociocultural
factors arising from limited awareness by the general public about the benefits of solar
PV and public resistance to new technology, especially as it relates to its efficiency
(Anugwom, 2022). A wide range of financial, distribution, installation and technical

barriers to solar energy adoption in Nigeria is summarized in Figure 1-3 below.

Figure 1-3: Barriers to Solar PV adoption in Nigeria
Barriers to
Barriers to entry distribution/ Technical Barriers
installation
e Government policy e Grid unreliability e Lack of skilled
(inconsistency) * Variability and personnel
e High cost of intermittency of e Lack of code of
importation radiation standard
(combined with e Competition with land e Lack of maintenance
fluctuating exchange uses and operation
rates) e Insecurity of solar e Lack of training
e High cost of operation plant infrastructure facilities and
and maintenance e Lack of awareness and entrepreneur’s
* Ineffective quality information development
control of products mechanism
Source: Adapted from Netherlands Enterprise Agency (2021)

Utility-scale solar has been stymied by policy uncertainties, with delays from renego-
tiations to previously awarded Power Purchase Agreements (PPAS) resulting in pro-
ject delays (IEA, 2021). The renegotiations are due to disputes between the govern-
ment and the Independent Power Producers (IPPs) on the PPA tariff structure. The
IPPs agreed on PPA tariffs at US$0.115 per kWh. However, the government is insist-
ing on a tariff of US$0.075 per kWh, citing declining solar costs and comparable pro-
jects in countries such as Senegal (US$0.05/kWh) and Zambia (US$0.06/kWh).
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1.2.3. The role of decentralised energy solutions

Grid extension and off-grid/decentralised energy are two leading solutions explored to
achieve the 2030 electrification objective: Highlighting the importance of off-grid solu-
tions, the (IEA, 2011) estimated that extending the grid to rural areas will cater to only
30 per cent of the population to be covered, while 70 per cent will be served by off-
grid or mini-grids systems. Like rural areas, electrification challenges are also present
in urban and peri-urban areas, as urban residents also need electricity to meet house-
hold needs (Broto et al., 2017). Szabo et al. (2011) found that in many parts of Africa,
the cost of decentralised off-grid options can be cheaper than extending the grid using
a spatial least-cost analysis framework. Bazilian et al. (2012) also suggested that off-
grid supply systems based on diesel generators or solar PV systems will be vital to

provide universal primary electricity access.

Solar energy is one of the decentralised RE sources increasingly used to provide elec-
tricity access. Globally, solar PV installations have risen, reaching 843 Gigawatt (GW)
in 2021, up from 40 GW in 2010 (see Figure 1-4). This rise is attributed to various
reasons, such as falling costs and technological advancements (solar PV, battery stor-
age and information and communications technology (ICT)). Other causes include
deeper penetration of mobile telecommunication technology, increased emphasis on
generating energy through renewable and sustainable means, and global efforts to
mitigate climate change. However, the growth is mainly concentrated in the OECD
countries and non-OECD countries like China. It is widely expected that distributed
solar power and storage will have a significant role in the energy transition, with con-
siderable energy growth in non-OECD countries (IEA, 2020). In Africa, low-carbon
decentralised energy technologies like solar are poised to play a role in electrifying
communities across the continent (Sokona, Mulugetta and Gujba, 2012; Kilig and
Kekezoglu, 2022), with access providing potential benefits in education, health, job

creation, and gender, amongst others (Mulugetta, Ben Hagan and Kammen, 2019).
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Figure 1-4: Global Solar PV Installed Capacity (GW)
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1.2.4. The Case for Having Estates with Solar PV Systems for Backup in

Nigeria

As well as offering global environmental benefits, solar PV provides local environmen-
tal benefits compared to current sources of backup electricity in Nigeria, where black-
outs are widespread. In urban estates where generators are restricted, homes can
collectively adopt solar PV as their backup electricity source. By adopting solar en-
ergy, residents can enjoy benefits such as reliability, clean air and serene environ-
ments, provided the adoption is carried out collectively, such as in neighbourhoods
where generators are restricted. This case is an alternative to the present situation
where homeowners using solar energy do not fully enjoy the benefits of clean air and
guiet environments. Instead, they suffer negative externalities as their neighbours can
still use polluting generators (Oseni, 2016). Some studies in the literature have dis-
cussed this collective action problem in the energy sector (e.g. Goedkoop and Devine-
Wright, 2016; Koirala et al., 2018; Eslamizadeh et al., 2020).
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1.2.5. The emergence of peer-to-peer trading in the energy sector

P2P energy trading of solar energy among residential energy consumers is an inno-
vation that can potentially enable the uptake of solar energy to address energy access,
reliability, and sustainability challenges. In recent years, the P2P energy trading busi-
ness model, where energy consumers and producers trade electricity directly without
an intermediary (IRENA, 2020), has emerged as an innovative model for decentralised
energy transactions. In this model, electricity is traded in a decentralised manner be-
tween buyers and sellers on a platform (which can be based on blockchain technol-
ogy), and trading occurs when demand matches supply. P2P energy trading centres
on the notion of energy "prosumers" who can simultaneously produce, consume,
trade, and share energy directly (Zhou et al., 2020). The P2P energy trading model
can be deployed among neighbours within local communities like residential estates
via the distribution grid or a mini-grid (Einav, Farronato and Levin, 2016; Zhang et al.,
2017). Alternatively, numerous communities can deploy the model in large-scale set-
tings, where small groups of communities or mini-grids trade electricity among them-

selves, enabled by interconnected networks owned by distributed system operators.

1.2.5.1. Benefits of P2P energy trading
The P2P energy trading model offers several benefits. P2P energy trading can im-
prove the deployment and flexibility of RE and empower consumers to use their dis-
tributed energy resources better. In the context of a standalone mini-grid, P2P energy
trading can improve energy access and reliability of local RE sources. For example,
the P2P model has been successfully piloted in Bangladesh by SOLshare, a private
company, whereby households are interconnected through a low-voltage direct cur-
rent grid. Power flow in this system is controlled through bidirectional metering inte-
grated with an ICT back-end that handles payment, customer service, and remote
monitoring. These smart meters allow users to trade electricity generated from renew-
able sources with neighbouring consumers (households, businesses, and rural indus-
tries). As a result, prosumers in this setting have gained access to electricity and

earned additional income by selling their surplus electricity (UNFCCC, 2020).
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Decentralised P2P energy trading can provide a platform for flexible trading and pay-
ments for RE (Mengelkamp et al., 2017; Orcutt, 2017). Using a blockchain-based plat-
form for such decentralised P2P energy trading transactions can also reduce transac-
tion costs by eliminating the need for an intermediary (Esmat et al., 2021). P2P energy
trading can also prove helpful in settings where individuals are motivated by desires
to share electricity instead of economic gains from trading energy (Hackbarth and
Lobbe, 2020). Furthermore, P2P energy trading allows prosumers to provide excess
solar PV to other consumers through donations or at a reduced cost (Karami and
Madlener, 2022). In providing access to energy for financially constrained people,
these reduced transaction costs and the ability to supply excess electricity at a lower

price can be beneficial.

P2P energy trading also contributes to electricity system resilience to emergency out-
ages (Tushar et al., 2019). Furthermore, P2P energy trading markets can lead to new
Business-to-Consumer business models for electricity that take account of consumer
preferences and interests (Sousa et al., 2019). Other advantages include balancing
supply and demand and congestion management through efficient integration of dis-
tributed RE resources and provision of ancillary services to the power grid (Zhang et
al., 2018).

Some other benefits of P2P energy trading include the potential cost-saving benefits
for consumers, as they can buy electricity directly from a prosumer (Andoni et al.,
2019; Brown, Woodhouse and Sioshansi, 2019; Morstyn, Teytelboym and McCulloch,
2019a). Closely related is the potential for improved energy security at the household
level, as P2P energy trading can help to diversify the energy mix of a household in
grid-constrained settings with unreliable electricity and reduce the risk of blackouts or
other disruptions (Morstyn, Teytelboym and McCulloch, 2019b; Oyekola, 2020). In
addition, P2P energy trading can also further environmental sustainability by fostering
the adoption of RE sources, as individuals and businesses can sell excess solar back
to the grid, thus enabling residential consumers to trade surplus energy from RE like
solar (Nguyen et al., 2018; Brown, Hall and Davis, 2019; Neves, Scott and Silva, 2020;
Karami and Madlener, 2022)
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1.2.5.2. Challenges with P2P Energy Trading
There are several challenges with the adoption of P2P energy trading, which would
need to be overcome for the technology to be widely adopted in a manner that can be
beneficial. There are several barriers that can prevent the successful implementation
of P2P energy trading, especially in a developing country like Nigeria.

First, P2P energy trading requires a robust and reliable electricity grid to facilitate the
buying and selling of excess electricity (Bellekom, Arentsen and van Gorkum, 2016;
Neves, Scott and Silva, 2020). However, many developing countries, like Nigeria, are
plagued with unreliable electricity grids or, in some cases, non-existent, making it dif-
ficult to implement P2P energy trading. Second, P2P energy trading relies on ad-
vanced technology, such as smart meters and online platforms, to facilitate transac-
tions (Morstyn, Teytelboym and McCulloch, 2019b; Okwuibe, 2019; Tushar, Saha,
Yuen, Morstyn, et al., 2020). In a developing country like Nigeria, access to this tech-
nology is still limited, making it difficult to implement P2P energy trading, as the coun-
try still faces challenges with effectively metering electricity consumers in the country
(Arawomo, 2017; Dahunsi, Olakunle and Melodi, 2021; Soyemi et al., 2021). Third,
there are still regulatory challenges with P2P energy trading (de Almeida et al., 2021,
Schneiders, Fell and Nolden, 2022). In some cases, governments may be resistant to
change or may have regulatory frameworks that are not conducive to P2P energy
trading. In addition, many people wan developing countries may be unaware of P2P
energy trading and how it works (Gunarathna et al., 2022). This can make it difficult
to build a critical mass of participants and make the system viable. Finally, developing
countries may face challenges in securing financing to develop the necessary infra-
structure and technology for P2P energy trading (Junlakarn, Kokchang and
Audomvongseree, 2022). This can make it difficult to implement and scale P2P energy

trading systems.
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1.3.Research Questions

With developments in RE, such as standalone solar PV and battery storage systems
providing scope for addressing some of the earlier outlined challenges with backup
generator use in Nigeria, it is essential to understand the preferences of end-users.
Such insights can inform further product development and the development of relevant
policies and strategies to accelerate uptake. Similarly, with the emergence of P2P
energy trading, it is vital to investigate factors influencing the participation of residential
end-users. To this end, this study uses a mixed-method approach to answer the fol-

lowing questions;

e RQ1: What are the user preferences for solar PV as a form of backup electricity
in a Nigerian residential setting?

e RQ2: What are the potential benefits that influence preferences for P2P energy
trading among residential consumers?

e RQ3: To what extent can the characteristics of the decision-maker explain

these preferences?

1.4.Key Contributions of the thesis
This study has several novelties. First, using a Discrete Choice Experiment (DCE)
approach, as outlined in Section 3.6, addresses the need for more experimental stud-
ies in the RE field. As Grimm et al. (2017) conclude, there’s a need for further experi-
mental studies that can examine the mechanisms behind the take-up behaviour of
solar PV in developing countries, including households’ willingness to pay (WTP) for

electric energy, among others®.

Second, it is the first known attempt to investigate the preferences for solar as a form
of backup electricity in Nigeria and the preferences for specific attributes of solar PV.
This study complements the literature on consumer preferences for solar as a form of
backup electricity in contexts where the grid is unreliable. Studies on preferences for
solar PV, like Lemaire (2009), have shown that people are interested in using solar

home systems (SHS) despite grid extension due to reliability concerns. This thesis,

9 Others include the role of credit constraints, and information.
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therefore, complements the literature by presenting a fresh perspective on the use of
solar PV to provide backup electricity in contexts where grid electricity is unreliable.

Third, this study aims to contribute to the literature on the P2P energy trading of RE.
This contribution is made by estimating the preferences of urban residents in Nigeria
for engaging in energy trading and using clean backup energy employing the DCE
approach. This contribution enriches the emerging literature on socioeconomic dimen-
sions of P2P energy trading, which technology-based studies have primarily domi-
nated. This study’s contribution is also in line with the research agenda outlined by
Broto et al. (2017) on the need for further understanding of the needs of urban energy
users, using context-specific, disaggregated data and applied interdisciplinary re-
search to identify how these needs can be met within present constraints.

Fourth, this study contributes to an emerging evidence base by examining the possible
financial benefits and energy independence afforded by P2P energy trading; studies
on this topic are necessary because they are limited. Moreover, the few studies con-
ducted thus far have primarily been conducted in western developed countries. There-
fore, this study’s contribution is even more valuable; it presents evidence from a sur-
vey and choice experiment conducted in Ibadan, Nigeria's third-largest city in Africa’s

most populous country.

1.5.Thesis Structure
This thesis consists of six further chapters. In the following two chapters (Chapters 2
and 3), the thesis is situated in the context of similar literature and the research meth-
odology is established. Chapter 2 reviews the existing literature on preferences for
RE, P2P energy trading and WTP for RE. Relevant gaps in the literature are also
identified to situate the research questions adequately. Chapter 3 discusses the re-
search methodology and design, providing the philosophical foundations, study con-
text, data collection methods, survey and questionnaire design, and a description of

the techniques used to collect, analyse and present the data.
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Chapters 4, 5 and 6 present results from the data analysis conducted. Chapter 4 de-
tails findings from an exploratory qualitative study and highlights how this influences
the design of the subsequent quantitative analysis. It also discusses how the qualita-
tive results explain the preferences of Nigerian residents for using backup energy and

the attributes they look out for when deciding on a new home.

Chapter 5 presents the quantitative analysis of data from the discrete choice experi-
ment. The chapter analyses individual preferences for attributes of solar energy using
econometric models for discrete choice data. Chapter 6 outlines quantitative findings
from the survey on preferences for energy trading. Specifically, this chapter examines
how financial benefits and independence aspirations influence preferences for P2P

energy trading in a residential estate setting.

The final chapter (Chapter 7) summarizes the study's main findings and the implica-
tions of findings for relevant stakeholders. The chapter includes a reflective evaluation

of the study's limitations and presents an agenda for future research.
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2. CHAPTER 2: LITERATURE REVIEW

Chapter Overview
This chapter reviews the existing literature on preferences for RE, P2P energy trading,
and WTP for RE, emphasising studies using stated preference (SP) methods de-
scribed in the methods section. To answer the research questions posed above, it is
important to review evidence from the literature on preferences for energy, with a de-
tailed look at preferences for renewable energy and solar in particular. This chapter

contains an empirical and theoretical review.

The empirical literature review in this chapter examines studies that have investigated
interest in energy, with a focus on preferences for renewable energy and solar. Given
the focus of RQ1, “What are the user preferences for solar PV as a form of backup
electricity in a Nigerian residential setting?” on the preferences for solar PV as a form
of backup electricity in a Nigerian residential setting, it is necessary to identify the
benefits of solar that are valued by residents to properly answer the question. The
literature review in this chapter takes a broad approach by first investigating the will-
ingness of respondents to pay for energy broadly. On the basis of the broad under-
standing of preferences for energy, it goes further to examine the preferences of elec-

tricity, specifically backup electricity.

The literature review then focuses on preferences for renewables o gain further clarity
on the nature of the existing literature on preferences for renewables, given that solar
energy is a key renewable energy resource with applications to the residential elec-
tricity sector. The literature review then goes deeper to identify the nature of evidence
concerning socioeconomic preferences for solar PV, from environmental, financial,

and social viewpoints, amongst others.

This approach to the literature review is also adopted concerning P2P, given the focus
of RQ2, “What are the potential benefits that influence preferences for P2P energy
trading among residential consumers?”. Therefore the literature is further examined
to identify potential benefits that influence preferences for P2P energy trading among

residential consumers, focusing on the benefits that might hold within the research
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setting. From this review, energy independence aspirations and financial benefits
emerge as two broad areas explored in detail in Chapter 6.

The literature review also examines the nature of individual characteristics on prefer-
ences in line with RQ3, “To what extent can the characteristics of the decision-maker
explain these preferences?”. The justification for this research question stems from
the literature review showcasing a need to further understand the role of individual
characteristics and the effect this has on preferences for solar PV and P2P energy
trading. A deeper understanding of individual characteristics can inform the develop-

ment of updated strategies.

The review examines the key theoretical frameworks applied in the study, primarily
the random utility theory, consumer theory, autarky and Gudeman theory of energy
exchange. The strengths and shortcomings of the literature are also discussed in this
chapter. The chapter concludes by showcasing the research gaps filled by this study.
A conceptual framework to guide the literature review in this chapter is presented in

Figure 2-1.

Figure 2-1: Conceptual framework for literature review
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2.1.Empirical studies on interest in energy

2.1.1. Willingness to pay for energy

The literature review section maps different studies that have investigated preferences
for RE. It relies primarily on studies examining the WTP concept related to RE. The
concept of WTP measures how much consumers indicate that they are prepared to
pay to receive a supply of a specific good or level of service (Hensher, Shore and
Train, 2014). WTP studies can give evidence to support decisions made by energy
stakeholders such as policymakers or regulators by revealing the value consumers
place on various attributes of a particular service (Hensher, Shore and Train, 2014).
In the energy literature, WTP analysis has been used to value energy-related goods
and services such as green electricity (Roe et al., 2001; Bigerna and Polinori, 2014,
Guo et al., 2014; Dagher and Harajli, 2015; Herbes et al., 2015; Sundt and Rehdanz,
2015a; Arega and Tadesse, 2017; Andor, Frondel and Sommer, 2018; Yang et al.,
2018), bioethanol (Lim, Kim and Yoo, 2017), reliable electricity services (Otegbulu,
2011; Ozbafli, 2011), natural gas (Jang, Lee and Yoo, 2014), flexible prosumers
(Kubli, Loock and Wiistenhagen, 2018), RE policy (Longo, Markandya and Petrucci,
2008; Herbes et al., 2015; Polis, Dreyer and Jenkins, 2017), decarbonisation (Cheng
et al., 2017), RE investment (Ku and Yoo, 2010), and smart meters (Ida, Murakami
and Tanaka, 2014).

2.1.1.1. Preferences for reliable electricity supply
Some studies have examined the preferences for reliable electricity supply, showing
that consumers tend to be willing to pay above-average energy expenditure for higher
electricity reliability. Some identified determinants of WTP for reliable electricity in-

clude income, education, and the cost of alternative energy sources (Umaru, 2016).

Differences exist between the WTP of households and firms for reliable electricity sup-
ply. For example, Ghosh et al. (2017) found that small-scale manufacturing firms in
the Indian region around Hyderabad were willing to pay approximately 20 per cent

more for an uninterrupted and reliable electricity supply. Another study in Kenya by
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Osiolo (2017) found a significant difference in the monthly mean WTP estimates for
households (US$6.34) and firms (US$355.92).

Using the Contingent Valuation (CV), Choice Experiment (CE) and Averting Expendi-
ture (AE) methods, Ozbafli (2011) also estimated the WTP for improvements in elec-
tricity reliability among residents of Northern Cyprus. The study found that households
could accommodate a rise in monthly electricity bills ranging from 1.5 per cent -13.5
per cent to prevent the costs associated with electricity outages. In the UK, Morrissey
et al. (2018) used a DCE to estimate the welfare cost to households of power outages
and found higher heterogeneity in household preferences for shorter power outages.
The study also found an inverse relationship between WTP and the length of power
outages across various consumer groups. Siyaranamual et al. (2020) used a DCE to
investigate the willingness of Indonesian consumers to pay for electricity service at-
tributes and found a large share of consumers willing to pay for electricity improve-

ment.

2.1.1.2. Studies on preferences for Energy in Nigeria
An earlier study by Adenikinju (2005) did not directly focus on preferences for energy
among households but is still worth reviewing. The study highlighted how inadequate
electricity supply meant additional and significant costs for firms that had to acquire
and use expensive backup generators to mitigate the substantially more significant
losses resulting from frequent power outages. The study concluded that frequent out-
ages led to productivity losses in the business sector in Nigeria, which primarily af-

fected smaller companies.

Another study on WTP for electricity in Nigeria by Otegbulu (2011) explored house-
holds’ WTP for electricity consumption and mitigation expenditure arising from poor
electricity infrastructure in Nigeria using the demand side management approach. Uti-
lizing a closed-ended face-to-face survey of 1,040 households in Lagos, the study
found that households in Lagos, Nigeria, were willing to pay additional amounts for
increased reliability of electricity supply arising from the averting expenditure nature
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of providing electricity through self-generation. However, the paper did not specify if
households still demonstrated averting expenditure tendencies if faced with alterna-
tives to diesel and petrol fired generators, such as using RE generation sources. How-
ever, this might have been the case because RE sources of self-generation were not

commonplace and very expensive in Nigeria when the study was published.

The willingness of Nigerians to adopt prepayment electricity metering was explored in
the work of Oseni (2015), based on a sample of 835 Nigerian households that were
not using such meters. The study found that adopting a prepayment meter is signifi-
cantly affected by current electricity spending, current billing method and the split in-
centive problem. The results questioned the validity of the widely held belief that low
income may be responsible for prepayment metering, as income was not found to be
a significant factor in the decision to adopt prepayment metering and the correspond-

ing amount respondents were willing to pay to adopt them.

Oseni (2016) employed a random-effects probit analysis to estimate how an improve-
ment in publicly supplied electricity may reduce backup generation and, by implication,
reduce emissions from Nigerian homes. The study found that even though self-gen-
eration would significantly reduce if electricity service quality is improved, affluent and
educated households will continue to rely on self-generation due to reduced willing-
ness to dispose of generators. The study, which had methodological rigour, contrib-
uted to the ongoing policy debate in Nigeria regarding the government banning or
encouraging self-generation. However, the study was limited to household prefer-
ences for disposing generators as a backup generation source. It did not consider
households switching to alternative backup generation sources such as inverters, bat-
teries, or solar home systems. This thesis contributes to this debate by assuming the

role of these alternative backup generation sources.

2.1.1.3. Determinants of preferences for RE
Commonly identified positive determinants of factors that influence people’s prefer-
ences for RE technologies and products include factors such as: individual and family
income (Zhang and Wu, 2012; Zori¢ and Hrovatin, 2012; Sardianou and Genoudi,
2013; Stigka, Paravantis and Mihalakakou, 2014), education (Twerefou, 2014; Kim,
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Park and Lee, 2018), distance to alternative energy markets (Arega and Tadesse,
2017), understanding of potential RE benefits (Paravantis et al., 2018), membership
of environmental organizations (Ward et al., 2011), knowledge (Guo et al., 2014; Xie
and Zhao, 2018), the role of family and home ownership (Abdullah and Jeanty, 2011;
Dagher and Harajli, 2015), and positive attitude towards RE (Guo et al., 2014;
Paravantis et al., 2018) amongst others.

In contrast to these findings, Liu et al. (2017) and Garces-Voisenat and Mukherjee
(2016) found that income was surprisingly not a driver of WTP. The choice of methods
might have explained their divergent results as Liu et al. (2017) used system dynamics
and agent-based modelling techniques. The respondents' specific characteristics in
the Garces-Voisenat and Mukherjee (2016) sample might explain their divergent re-

sults.

Gender is also a positive determinant of WTP for RE (Sardianou and Genoudi, 2013;
Garces-Voisenat and Mukherjee, 2016; Osiolo, 2017; Xie and Zhao, 2018). Similarly,
gender differences in WTP behaviour have been found in the literature. Both Arega
and Tadesse (2017) and Xie and Zhao (2018) conclude that males tend to have a
higher WTP than females. Other influencing factors include electricity consumption
bills, bid and payment vehicles (Guo et al., 2014), and trust in government institutions
(Dagher and Harajli, 2015).

Age has also been identified by authors such as Zori¢ and Hrovatin (2012), with
Sardianou and Genoudi (2013) concluding that middle-aged and highly educated res-
idential consumers are probably more willing to adopt RE. Furthermore, Zori¢ and
Hrovatin (2012) identified environmental awareness as a factor influencing WTP for
RE, while Polis et al. (2017) concluded that WTP is affected by public perceptions of

potential social, environmental, and economic risks and benefits of developing RE.

2.1.1.4. Preferences for RE and Climate policy
The literature has also examined preferences for various RE policy options. In the UK,
Longo et al. (2008) concluded, based on a DCE, that consumers in Bath were willing

to pay a higher price for electricity to internalize the external costs associated with a
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RE policy. The authors concluded that consumers highly valued electricity from RE
sources. In contrast, using a DCE administered to households across England, Wales,
and Scotland, Scarpa and Willis (2010) found that even though households valued
RE, the value was not enough to cover the high upfront costs usually associated with
the technologies. In Germany, Andor et al. (2017) also found that despite the support
and acceptance of renewable energy technology (RET), households' WTP for green
electricity declined between 2013 and 2015 due to higher costs (in the form of higher

electricity bills) associated with Energiewende - the country’s energy transition policy.

In Japan, Yamamoto (2015) examined the use of interpersonal communication in de-
cision-making on adoption and concluded that subsidization is more effective than
purchasing PV power under feed-in tariffs in promoting the diffusion of residential PV
systems through interpersonal communication. Using a DCE, Sagebiel et al. (2014)
found that consumers were more WTP for RE when cooperatives or municipally-
owned electricity utilities offered the energy. The study concluded that consumer
choice also drives organizational transformation in the electricity market and political

initiatives.

In comparing Italy and Czech household preferences towards climate change mitiga-
tion options related to residential energy use, Alberini et al. (2018) found that income
primarily drives heterogeneity in WTP estimates in both countries. In Italy, Bigerna
and Polinori (2014) estimated households’ WTP for RE to contribute 26.4 per cent of
the national energy mix, according to the European Union climate change policy. They
found that conservatively, Italian households were WTP, ranging from €302.3m to
€526m, which was between 8.6 per cent and 15.1 per cent of the cost of achieving the

national target.1°

2.1.1.5. Review Studies on Preferences for RE
The meta-regression analysis by Ma et al. (2015) found that consumers tend to have
significantly higher WTP for electricity generated from solar, wind or generic RE

sources (i.e. not a specific source) than hydropower or biomass. The authors also

10 The target was for Italy to generate 26.4% of its electricity production from RE sources by 2020.
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found that WTP determinants such as RE type, socioeconomic profile and energy
consumption patterns of consumers explain less variation in WTP estimates than the
characteristics of the study design itself. Another meta-regression analysis of the lit-
erature on households’ WTP for a larger share of RE by Sundt and Rehdanz (2015)
in developed economies demonstrated that people are generally willing to pay to
switch to energy from renewable sources. The study concluded that the acceptance
of RE is strongly dependent on providing people with information about plans, alter-

natives and the status quo.

The review by Stigka et al. (2014) addressed the public acceptance of RE as a re-
placement for fossil fuels in electricity production and found WTP for RE to be posi-
tively correlated with income, exposure to information about energy issues, environ-
mental awareness, and level of education. The study also found WTP for RE to be
negatively correlated with age and size of household. Oerlemans et al. (2016) re-
viewed 57 studies that employed CV to estimate WTP for electricity generated from
RE sources and found that most focused on developed economies. In terms of elici-
tation techniques, the most frequent WTP elicitation techniques used in the literature
were open-ended and dichotomous choice approaches, which tend to produce vary-

ing levels of WTP.

2.1.1.6. Willingness to pay for electricity from RE sources
Some studies did not investigate a specific RE source; rather, they examined the WTP
for RE-based or “green” electricity. These studies have primarily found that consumers
tend to demonstrate an interest in paying higher amounts for electricity from RE
sources. For example, Guo et al. (2014) employed the CV method and multiple re-
gression analysis to identify WTP for RE among residents of Beijing, China. They
found that, on average, residents were willing to pay between US$2.7— US$3.3 for
electricity generated from RE each month, whilst Lee and Heo (2016) found that Ko-
rean consumers were willing to pay an additional US$3.21 per month for electricity
generated with RE. The mean estimates by Arega and Tadesse (2017) for Ethiopian
urban and peri-urban households’ WTP for green electricity using a CV was even
lower at US$0.66 monthly. Employing a DCE in an lItalian city, Vecchiato and
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Tempesta (2015) found that 86 per cent of respondents indicated that they would be
WTP a higher amount to use electricity generated from renewable sources. Zori¢ and
Hrovatin (2012) also concluded that the median amount households were WTP for

RE-based electricity was above mandatory charges for electricity in Slovenia.

Abdullah and Jeanty (2011) estimated that rural Kenyan consumers were willing to
spend up to 5 per cent of their monthly income on electricity from solar PV sources.
The study found that households preferred to pay more for grid electricity services
than PV and favoured monthly connection payments over a lump sum amount. A study
in Ghana by Twerefou (2014) focused on the WTP of households for improved elec-
tricity from renewable sources and found that, on average, Ghanaian households were
willing to pay about one and a half times more than their current electricity costs for a

renewable-based electricity supply.

H.-J. Kim et al. (2018) examined the willingness of Korean households to pay for im-
plementing the country’s official development assistance plan to construct 5SMW RE
power plantst! in developing countries annually from 2017 to 2026. The study found
high public support for the plan as the expressed WTP amount was higher than the
cost required to build the plants. Lienhoop (2018) used a DCE to explore local prefer-
ences for various forms of financial and procedural participation in German wind en-
ergy projects. The authors found that such projects tend to be accepted by the local
public if they were offered conditions such as shareholding and high levels of partici-
pation in the decision-making process.

Some studies focusing on WTP for solar energy have found that despite the relatively
high WTP for solar PV, consumers will require specific information before deciding to
use the systems due to uncertainties and cost constraints. Such information can range
from economic to technical details. For example, in Germany, Gahrs et al. (2015)
used data from 500 face-to-face interviews with private owners of PV systems and
found that about 69 per cent of the PV owners were willing to invest in PV-storage-

systems. Similarly, Abdullah et al. (2017) explored public acceptance and interest in

11 Wind, photovoltaic, and biomass power plants
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Pakistan's SHS. Using data from a survey, they found interest in SHS high, with about
81 per cent of the study respondents interested in the technology.

The reliability of solar PV systems is also vital to their acceptance by consumers.
Graber et al. (2018) used a DCE in 22 villages to investigate differences between
consumer preferences for electricity from solar microgrids and the centralized utility
grid in India. The authors found that consumers valued reliability and price, among
others. The consumers were also more satisfied with the reliability of electricity sup-
plied by solar microgrids despite providing lower hours of electricity than the primary

grid.
2.1.2. Socioeconomic Preferences for PV adoption

Previous studies on public attitudes towards solar energy and renewables in the
Global North show that in the U.K., people are open to opportunities for further in-
volvement in RE development (Rogers et al., 2008). Carlisle et al. (2015) found that
there is general public support for the development of large, utility-scale solar power
projects in the U.S. Tsantopoulos, Arabatzis and Tampakis (2014) discovered that in
Greece, people are well-informed and willing to invest in solar PV systems either at
home or on a plot of land. When examining attitudes towards RE, Karlstrgam and
Ryghaug (2014) highlight the need to consider political contexts based on evidence
from Norway, where it was seen that political leaning had a more significant impact on

energy technology attitudes than has been previously thought.

In the Global South, some studies have focused on the socioeconomic impact of solar
systems in rural areas in South Asia. For example, Wijayatunga and Attalage (2005)
examined the social, economic and environmental impact of solar home systems in
rural Sri Lanka and found that in addition to being extremely satisfied with the tech-
nology, rural dwellers had improvements in their socioeconomic conditions and better
environmental conditions resulting from the use of the solar home systems. Mishra
and Behera (2016) found that in two rural Indian villages, solar power has improved
socioeconomic activities and the standard of living of households, most especially that

of women in rural areas. They also found that active participation of local actors and
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community-level organization would go a long way to enhance households' inclination
towards increased use of solar energy. A review of the literature on the impacts of
SHS and solar home lanterns in rural areas by Lemaire (2018) showed that these
systems could significantly impact the quality of life of end-users. The impact channels
include connectivity via mobile phones and television sets, an increase in lighting qual-
ity, costs savings from replacing kerosene lamps with solar lighting, and solar lighting

benefiting children’s study time and quality of education.

Within the African context, Howells et al. (2005) modelled household energy services
in a low-income rural village in South Africa, factoring in the social and environmental
costs of energy use. They found that factors other than economic factors affect the
household energy use pattern. Ulsrud et al. (2015) analysed a solar power model de-
veloped and tested using action research in a local Kenyan village. Their analysis
established that an energy center model can cover basic electricity needs in many
places in Africa with dispersed settlement patterns where mini-grids and traditional
grid extension might not be feasible. They show that committed follow-up of local ac-
tors and a flexible socio-technical design that allows for improvements after imple-
mentation would go a long way in enhancing village-level solar projects’ economic

sustainability and smooth functioning.

Earlier studies on solar energy in Nigeria focused on assessing the viability of solar
PV for energy generation in the country. Previous studies on preferences for solar
energy in Nigeria have also focused on rural consumers with little evidence of prefer-
ences of residential consumers in estate settings. For example, Adeoti, Oyewole and
Adegboyega (2001) estimated that villages in Nigeria without access to the grid would
require 597.5kWh/year, whilst those with access to the grid would require
850.8kWh/year to meet the basic power requirements for needs such as lighting and
to electric power appliances. Oparaku (2002) also surveyed and examined the status
of solar PV in two villages in Nigeria and found that some of the installations failed
due to inadequate design. The study also found that solar PV power systems have
enhanced living standards in rural communities. The study also showed that solar

power systems are predominantly used for water pumping in rural Nigerian villages.
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Using sensitivity analysis, Oparaku (2003) compared the costs of solar PV systems,
diesel/gasoline generators and the electric grid and found that solar PV is the most

cost-effective solution for low-power rural energy supply in Nigeria.

In a seminal study, Ugulu (2016) investigated adoption barriers and motives for solar
energy in Nigeria. Employing correlation and logistic regression analysis, the study
found high capital costs, lack of finance and low awareness to be significant barriers
to adoption. In contrast, field survey analysis revealed power outages and cost-sav-
ings, including generator fuel theft and access to finance, as the key motives for the
uptake of solar PV in Nigeria. The study also found that energy-efficient practices were
prevalent among PV-adopting households. From a policy perspective, the study also
demonstrated the role of government incentives in influencing the large-scale uptake
and diffusion of solar PV in Nigeria. Despite the focus of this study on the WTP of
urban households for solar PV, the study did not consider WTP and preferences for

specific attributes of solar energy and how these attributes might influence uptake.

Another study by Elegbede et al. (2021) used a DCE to assess the trade-offs associ-
ated with utilising off-grid solar chargers from the perspective of rural Nigerian house-
holds and found that confidence in product quality was the most important factor and
that respondents associated higher-priced solar chargers with higher quality. Nduka
(2021) found that rural households have strong preferences for RE, based on a study
that used the CV to elicit responses and estimate the WTP for a pico-PV system and
improved cookstoves (ICS). Babajide and Brito (2021) found cost savings of up to 65
per cent over the project life from using SHS compared with diesel generators for
backup power generation in Lagos, Nigeria, based on evidence from financial analy-
sis. Using the CV method and a survey of 400 participants in Ibadan, Ayodele et al.
(2021) found that respondents were willing to pay, on average 5 to 10 per cent above
their present electricity costs. The key factors influencing WTP in the study included
income, age, marital status and education level. Adeleke et al. (2022) examined
households’ poverty status and willingness to pay for RE in Southwestern Nigeria and
found that age, marital status, level of education, household size, house location, in-

come and awareness about RE are factors influencing surveyed households’ WTP
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and payout levels for RE. (Nduka, 2022) analyzed Nigerian households' WTP for solar
PV under various scenarios and found that WTP for solar PV is higher when it can
displace generators completely. The study also concludes that the use of a payment
mechanism involving a subsidy and a monthly payment rather than an upfront pay-

ment would scale up the adoption of solar PV by about 6 per cent.

2.1.2.1. Environmental Benefits of Solar PV
Consumers see electricity generated from clean energy sources in multiple ways: as
an environmental benefit, a consumer good, an innovative technology, and marketing
efforts aimed at environmentally concerned individuals may need to emphasize non-
environmental benefits, as Wolske et al. (2017) pointed out. Similarly, Bergek and
Mignon (2017) argued that there are different motives for adopting RE technologies,
including environmental benefits; however, there are differences in the magnitude of
importance attached to each motive. Conversely, Schelly (2014) found that environ-

mental values were not enough and necessary to motivate adoption.

2.1.2.2. Financial Benefits and Costs
Financial incentives are essential determinants in the decision-making process to
adopt solar systems (Simpson and Clifton, 2017). A systematic literature review by
Palm (2020) on the factors that motivate people to adopt solar photovoltaics (PV)
found that early adopters are driven mainly by concerns for the environment and tech-
nological interests, while later adopters are primarily motivated by financial benefits.
Bondio et al. (2018) suggested that the adoption of PV by households could be opti-
mum when they are faced with rising electricity bills and have sufficient capital to afford
the upfront cost. According to Vasseur and Kemp (2015), the adoption of Solar PV in
the Netherlands depends on the perceptions of its attributes; and, more importantly,
the cost. In a household survey, Zander et al. (2019) found that installation costs,
returns on sales of excess solar power, and a high feed-in tariff influenced the choice
of a photovoltaic system. It was further revealed that knowledge about RE policies
and beliefs in the environmental benefits of solar energy positively influenced the will-
ingness to install a photovoltaic system; the latter was also applicable to Income and

education, while age had a negative effect.
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Results from a survey on solar PV adoption in the US indicated that cost savings, solar
system reliability, installer warranty, and reviewer ratings of the installer were the most
important factors when homeowners considered purchasing a solar system. There
were also differences between adopters and non-adopters with respect to location,
age, and income (Bao et al., 2020). Islam (2014) found that technology awareness
and energy cost savings significantly predict adoption probability. In the same
vein, return on investment and social and other non-economic drivers influenced the
financial motives of members of smaller communities (Bauwens, 2019). Furthermore,
the aesthetic properties of solar panels could influence adoption and increase the cus-
tomer base (Petrovich et al., (2019).

2.1.2.3. Social Factors
Social factors in the form of peer effects have also been found to affect the adoption
of solar PV at the household level. These effects are related to the influence of peers
such as neighbours, friends, relatives or colleagues on a person’s behaviour
(Georgarakis et al., 2021). These peer effects can facilitate the diffusion of solar PV
by reducing barriers to adoption and increasing trust in the technology (Palm, 2017)
and fostering investments (Bauwens, 2019). For example, adopters are more likely to
have friends, relatives, and neighbours who have already installed solar panels than
non-adopters (Petrovich et al., 2019). Similarly, Bollinger and Gillingham (2012) found
that Californian homeowners in a given zip code were 0.78 percentage points more

likely to adopt solar photovoltaic for every additional installation in the zip code.

Another strand of the literature on peer effects outlines interest in consuming RE gen-
erated from cooperatives. For example, Rommel et al. (2016) found that consumers
are willing to pay approximately double for RE offerings by cooperatives or munici-
pally-owned electricity utilities compared to investor-owned firms. Opinion leaders
have also been crucial in diffusion as they influence opinions on innovations and can
provide vital information on technical or financial performance investments (Bauwens,
2019). Yamamoto (2015) found a positive relationship between opinion leadership and
solar PV adoption in Japan. Drawing on fifty-five semi-structured interviews in an Aus-
tralian case study, Simpson (2017) found that social interactions within communities

46



motivated solar adoption in addition to financial incentives. The study also highlighted

the role of a local “solar champion” in fostering adoption within communities.

2.1.2.4. Other Factors
Political affiliations and preferences for solar energy have been investigated in the
literature. Palm (2020) found a declining relationship between Green Party voting and
solar PV adoption based on data from Swedish consumers and concluded that earliest
adopters are more driven by non-financial motives such as environmental concerns
than later adopters. Briguglio and Formosa (2017) also found that pro-government
sentiments positively influenced the take-up of grants and installation of PV panels.
Individual perception of government policies can also affect social acceptance of RE.
Simpson (2017) found that government policies toward RE were deemed unreliable

and retrogressive by different consumers in Western Australia.

The provision of accessible information and emphasis on household self-sufficiency
in energy is also vital to the uptake of solar-based microgeneration technologies (Bal-
combe et al., 2014). Similarly, installers and neighbours play important supplementary
roles in households' solar PV adoption decision-making process and influence the
decision to adopt and the adoption mode (Rai et al., 2016). In terms of business mod-
els, Rai and Sigrin (2013) found that the leasing model more effectively addresses
consumers' informational requirements and has a market with a potentially sizeable

residential audience in a “tight” cash-flow situation.

2.1.3. Gaps in solar energy preferences literature

The studies examined have analysed various aspects of solar energy technology,
such as the attitude of the public towards solar energy, the socioeconomic impact of
solar systems in rural areas, and the long-term viability of solar systems. Many of
these studies on off-grid solar power have also examined it from a top-down perspec-
tive and an economic and technical perspective. However, there is little emphasis in
the literature on the adoption of solar PV for backup electricity adoption among end-

users, especially in contexts with erratic grid supply.
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The literature also shows gaps in assessing the importance of flexible, decentralised
payments in attracting reliable low-income customers to use distributed RE solutions
(Moreno and Bareisaite, 2015). Potential investors also need to know customers who
would be willing to adopt renewable technology, which would lead to revenue gener-
ation (The Economist, 2017)

There are also critical knowledge gaps on productive uses and local value chains of
mini-grids, private operators’ business models, rationales, incentives, field issues or
potential revenue streams (Contejean and Verin, 2017). A study by Grimm et al.
(2017) concludes by highlighting the need for further studies that can examine the
mechanisms behind take-up behaviour, such as the households’ WTP for electric en-

ergy, the role of credit constraints, and information.

This study contributes to the literature by examining off-grid solar energy from a bot-
tom-up approach, focusing on the end user’s perspective. It also looks at end-users'
preferences regarding solar PV in Nigeria as a form of backup electricity from a social

science perspective.

2.2.Consumer preferences for participating in P2P energy trading
This sub-section examines the literature on P2P energy trading focused on consumer
preferences for participating in trading. From the user perspective, Morstyn et al.
(2018) noted three value propositions for P2P energy trading of renewable energy.
These are energy matching, preference satisfaction, and uncertainty reduction. The
first, energy matching, refers to how P2P energy trading platforms can serve as a
market mechanism that incorporates prosumers' individual preferences and the spe-
cific characteristics of electricity. P2P trading platforms do this by "allowing mutually
beneficial energy transactions to be negotiated between prosumers with excess en-
ergy and those with complementary demands” (p. 96). Preference satisfaction refers
to P2P energy trading's capability to allow prosumers to determine and track prefer-
ences on energy sourcing and for energy to be traded according to these preferences.
Finally, uncertainty reduction deals with the incentives for investments in renewable

energy that result from trading energy within a local P2P market, which increases

48



revenues for prosumers and reduces the uncertainty associated with investments in

distributed energy resources.

Whilst limited, empirical evidence from surveys with prospective prosumers has been
used to depict preferences for P2P energy trading. For example, using survey data
from a sample of 301 German homeowners, Hahnel et al. (2020) analysed hypothet-
ical P2P energy trading decisions. They found the determinants of homeowners’ trad-
ing behaviour to include community electricity prices and state of charge of private
energy storage. The study also found heterogeneity in preferences and identified four
target groups that systematically differed in their decision-making strategies, ranging
from price-focused prosumers to classic non-trading consumers. Similarly, Hackbarth
and Lobbe (2020) surveyed customers of seven German municipal utilities and found
that households were open to participating in P2P energy trading. Individuals’ envi-
ronmental attitudes, technical interests, and independence aspirations were essential
motivating factors. The authors also found that a high willingness to participate in P2P
energy trading was motivated by the ability to share electricity, and to a lesser extent,
by economic reasons. Innovative pricing schemes are another aspect of P2P energy
trading that can influence users’ willingness to participate (ibid.). People planning to
install microgeneration technologies were also considered the most promising target
group for P2P energy trading in the study.

Furthermore, Ableitner et al. (2020) used data from 35 households and two firms in
Switzerland’s first real-world P2P energy market to investigate the user behaviour of
families and their future role in decentralised energy scenarios. The study applied a
mixed-method approach and found that P2P energy trading was well-received among
respondents with heterogeneous preferences. The study also classified respondents
into three groups based on their pricing preferences: consumers who want to set
prices actively, those who prefer automated prices determined by an information sys-
tem, and non-users. Interviews from the study also revealed that P2P energy trading
markets can likely increase the prominence of renewables and may promote load-

shifting activities. Furthermore, Georgarakis et al. (2021) found that regarding P2P
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energy trading, prosumers mostly valued environmental and, to a lesser extent, eco-

nomic dimensions in the Netherlands.

A set of case studies by Sorin et al. (2019) showed that P2P market structures could
effectively yield different market outcomes from centralised market structures and op-
timize consumer preferences while maximising social welfare. Based on a survey con-
ducted in four countries (Switzerland, Norway, Spain and Germany), Reuter and
Loock (2017) argued for the need to adjust product and service offerings in local elec-
tricity markets to properly reflect the needs of existing and prospective consumers and
prosumers. Liu et al. (2019) analysed the effectiveness of auctions and bilateral con-
tract-based P2P energy trading mechanisms in managing energy trading among

prosumers in future electricity distribution systems.

There have been minimal studies on P2P energy trading in Nigeria. Oyekola (2020)
modelled and simulated a decentralized distributed solar photovoltaic generation net-
work in the Lagos State of Nigeria that adopts blockchain technology as the energy-
trading platform. The study demonstrated that implementing a decentralized distrib-
uted solar photovoltaic generation network into the Nigeria energy system could im-
prove energy generation and supply reliability and efficiency during different seasons
of the year. Okwuibe (2019) developed a P2P trading platform for trading excess RE
on an Ethereum blockchain at the microgrid level in Nigeria. The most beneficial
prosumer-to-consumer combination was to have a ratio of one prosumer to three con-
sumers. However, a shortcoming of this study is that it relied on simulated PV data
from Germany, which is not necessarily applicable to Nigeria, given the differences in

solar radiation between the two countries.

2.2.1. Gaps in P2P energy trading literature

In the literature, several review papers have summarised the state of evidence on P2P
energy trading and energy prosumers, covering technical, socioeconomic, policy and
regulatory aspects of P2P energy trading (see, for example, Tushar et al. (2018); Soto
et al., (2020) and Wang et al. (2020) among others). As Dai et al. (2020) identified,
studies have emphasised the theoretical, application, policy, and modelling aspects
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of P2P energy trading. The literature has also captured other essential elements of
P2P energy trading, such as market design, the nature of trading platforms, physical
and ICT infrastructure, and social science perspectives (see Mengelkamp et al.,
(2018); Sousa et al. (2019); Zhou et al. (2020)). Within this broad range of topics, Zhou
et al. (2020) found that most P2P studies have focused on market design, with a sharp
increase in published papers between 2018 and 2019. Several authors have also out-
lined challenges for the scale-up of P2P energy trading, given the limited implemen-
tation of the model in electricity markets. These challenges include integrating gener-
ation, transmission, and distribution aspects, the need for large-scale studies, and
modelling complex consumer and prosumer behaviour (Soto et al., (2020); Tushar et
al. (2020) and Tushar, Saha, Yuen, Smith, et al., (2020)).

In terms of market mechanisms for the integration of prosumers, Parag and Sovacool
(2016) identified three potential prosumer markets related to prosumer grid integra-
tion, P2P models, and prosumer community groups. Similarly, Morstyn and McCulloch
(2020) presented an overview of different business models that P2P energy trading
can support and used case studies to demonstrate that P2P energy trading platforms
with a combination of solar energy generation sources, home battery systems, and
electric vehicles are of value to prosumers. The review by Wang et al. (2020) found
an emphasis in the literature on operational models and local markets, with little focus
on wholesale market integration and investment models. The study found that bilateral
contracts were the most common in the literature regarding trading mechanisms. At
the same time, Sousa et al. (2019) concluded that the hybrid P2P market design is
the most suitable in terms of scalability, giving room for all other P2P designs to inter-
act. The authors also concluded that there are conditions to deploy P2P markets in
co-existence with existing market structures; however, potential conflicts with histori-
cal actors need to be avoided to enable a smooth and manageable transition toward
P2P markets.

Given the lack of many real-world applications, studies have often employed game-
theoretic approaches to simulate the feasibility of P2P energy trading. The review by

Tushar et al. (2018) thus found that studies have used game-theoretic methods
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(cooperative and non-cooperative games) in three smart energy domains, notably
electric vehicles (EV), distributed energy resources, and service domains. Some re-
view studies have also focused specifically on certain countries and regions, while
some studies focused on the regulatory challenges surrounding P2P energy trading.
For example, Kokchang et al. (2020) found that the main regulatory barriers limiting
P2P energy trading in most countries are issues with licensed energy suppliers, net-
work charging, and restrictions on feeding excess generation back to the central
power grid. Alongside an enabling regulatory framework and evolving customer pref-
erences, Lobbe and Hackbarth (2017) concluded that digitalisation provides an op-
portunity to reach previously unprofitable customer segments. The study also con-
cluded that technology like blockchain could improve the efficiency of distributed en-

ergy systems based on evidence from Germany.

2.3.Theoretical Review
This research engages a mix of theoretical concepts to meet its objectives. These
include the Random Utility theory, Consumer Theory, Gudeman’s Theory of Mutual

Energy Exchanges and Autarky theory, as summarized below.

2.3.1. Random Utility Theory

This study employs a Discrete Choice Experiment approach (described further in Sec-
tion 3.5), which is based on the Characteristics Theory of Demand (CTD) (Lancaster,
1966) and the Random Utility Theory (RUT) (McFadden, 1974; Manski, 1977). The
CTD assumes that goods, services, or in this case dwelling in a home with clean and
quiet benefits can be valued in terms of their constituent characteristics (otherwise
known as attributes). The RUT assumes that respondents maximise utility by making
a choice based on the levels of attributes (in DCE scenarios) and this utility can be
broken down into a systematic component and a random component (Ghijben,
Lancsar and Zavarsek, 2014). The systematic component is assumed to be a function
of attributes and their levels, while the random component is assumed to be analogous
to an error term in a regression equation related to unmeasured preference variation.

Hence based on data from the SP of respondents, econometric methods can be used
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to analyse consumer preferences. The RUT assumes that individuals will always
choose the alternative with the highest utility. For example, a household faced with
the choice between a house with backup generators or one with solar PV system will
go for the one that gives them the most utility. Following Wittink (2011), this utility is
treated as a random variable as the utility of a decision maker is not known with full
certainty, and the probability that a decision maker will select a certain alternative is

P(llCn) = Pr (Uin = an,VjE Cn) (1)

e Where U;, is the unobserved utility that an individual n derives from an alterna-
tive i

e If the choice set C,, has only two alternatives i and j, then we have a binary
choice model

e If the choice set C, has alternatives ranging from i to j, then we have a discrete

choice model.

Therefore, the probability that the individual n will make a choice between the alterna-

tives is:

P,(i) = Pr(Uy, =Uy)and P,(j) =1 - PB,(0) .. (2
2.3.2. Consumer Theory

Another theory which lends credence to this study is Consumer Theory. The basic
hypothesis of consumer theory is that individuals will always choose a most preferred
bundle of goods from a set of affordable alternatives (Varian, 1992). The theory as-
sumes that each consumer has a stable preference system that can be described by
a utility function. Thus, the consumer optimization problem is to choose the combina-
tion of goods and services that will maximize their satisfaction, given their budget con-
straint. The solution to this problem is the consumer's demand function, which repre-
sents the optimal quantities of each good and service that the consumer will demand,

given their income and the prices of the goods and services.
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Several key assumptions are often made in consumer theory, including the assump-
tions that consumers are rational and aim to maximize their satisfaction, have well-
defined preferences, have complete information about the prices and characteristics
of the goods and services available to them, have a stable set of preferences, and
have a fixed budget constraint. The consumer's budget constraint represents the lim-
itations on their consumption due to their income and the prices of the goods and

services.

2.3.3. Gudeman’s Theory of Mutual Energy Exchanges

Economic anthropologist, Stephen Gudeman in his books, (Gudeman, 2001, 2008,
2016) uses evidence from various ethnographic studies he conducted in developing
countries in Latin America and Africa, to argue that an economy consists of two dia-
lectically connected realms, the community/mutual realm and the market realm
(Gudeman, 2001 pp.1; 2008 pp.4). The community/mutual realm refers to “real, on-
the-ground associations and to the imagined solidarities that people experience” while
the market realm designates anonymous short-term exchanges which are impersonal,
global and abstracted from social context; consisting of separated but interacting
agents. He argues that the relationship between the two dimensions is complex, as
sometimes they are separated, while other times they are mutually dependent, op-
posed or interactive. He further explains that economic practices and relationships are
not only constituted of the two realms, but also consist of four value domains; the
base, social relationships, trade and accumulation. Gudeman further argues that there
are two dialectically connected realms of exchange; the market realm of trading and

the mutual realm of sharing as seen in the Figure 2-2 below.
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Figure 2-2: Dialectic in the two realms of an economy.

Mutual Realm Market Realm

Mutuality or
Social Relations

@ Self-Interest

Prominent in: Prominent in:
House & Community Market

@ : represents the dialectical connection

Source: Adapted from Singh et al. (2017)
The significance of mutuality differentiates sharing from trading. Sharing creates mu-

tuality and is a process of ‘making and maintaining community’. Gudeman (2016) ex-
plains differences between social relationships in the market and mutual realm as ‘the
market realm revolves about short-term material relationships that are undertaken for
the sake of achieving a project or securing a good?*?. In the mutual or communal realm,
material goods are exchanged through relationships which are kept for their own sake.
The material life in the mutual realm is established and sustained through enduring

social relationships

Gudeman critiques the strictly market-based view of neoclassical economics which
limits market exchange to bounded exchange, that is exchange constrained to a cer-
tain range®®. He argues that such conceptualization overlooks non-market exchange
such as sharing. Furthermore, Gudeman argues that the mutual realm is built on social
values that differ from anonymous exchange. Gudeman argues that in a market, peo-
ple exchange goods, buying and selling at the best price available. Until they are sat-
isfied, they cannot better their personal holdings. Exchanges in community are differ-
ent, as they revolve about ways of dividing a shared base, are guided by multiple

values, and have to do with fashioning identities as well as material life.

12 For example, the sales representative for a car dealership that becomes his “friend” for a period only to disappear after
completing the sale

13 For example, a government-issued food stamps that can be traded only for a range of foods.
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Gudeman’s theory argues that in the mutual realm, or the mutual transaction realm,
the paramount value domains are the base and social relationships, while in the mar-

ket realm, the paramount value domains are accumulation and trade.

An application of this theory in this thesis involved investigating whether residential
consumers of solar energy in Nigeria place more emphasis on carrying out energy
exchange aimed at fostering independence from the grid, or energy exchange to
achieve both material and end gains. This would help us understand more about the
role in which energy exchange can play in building and maintaining community as well
as material or financial gain. To carry out this research in practical terms, the survey
of estate residents included a section that captured interest in trading energy via a
community-based platform. Specifically, it examined possible reasons why these res-
idents would be interested in energy trading such as the ability to share the burden of
generating electricity with neighbours and financial benefits such as earning additional

income.

2.3.4. Energy Autarky or Independence Aspirations

Autarky, which finds its roots in the economics of international trade, refers to a coun-
try that operates in a state of self-reliance or self-sufficiency and limited trade with
other countries. According to the Merriam-Webster dictionary, the term autarky is de-
rived from the Greek word autarkes and means “economic independence or self-suf-
ficiency” (Merriam-Webster Dictionary, 2022). A fully autarkic nation would be a closed
economy and lacking any sources of external support, trade or aid (Kenton, 2021).
Energy independence has been distinguished in the literature as autarky (self-suffi-
ciency or independence of energy supply) and autonomy, with autarky conceptualised
as the goal of energy independence. In contrast, autonomy deals with how the goal is
achieved, such as the ability to self-determine one's energy provision (Adams et al.,
2021).

Previous studies on decentralized sustainable energy systems showed the im-
portance of autarky considerations. For example. Korcaj, Hahnel and Spada (2015)

found that autarky aspirations strongly predict homeowners’ attitude toward solar PV
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systems, affecting homeowners’ purchase intentions. The authors further concluded
that the desire to generate energy in an independent, self-determinant, and self-suffi-
cient way was crucial in achieving acceptance and commitment. Engelken et al.
(2018) found perceived autarky and financial benefits to be the most relevant attitudi-
nal predictors of private households' intentions to purchase renewable energy system
components with the purpose of partial energy self-supply in Germany. In addition to
ownership and control, autarky was found to be a key product attribute valued by con-
sumers for new battery storage business models in Germany (Kalkbrenner, 2019).
Hahnel et al. (2020) also find that autarky-focused prosumers are willing to invest in
community energy storage systems that increase the community's independence from

external stakeholders such as classic energy providers.

As with other studies, including Ecker, Hahnel and Spada (2017); Ecker, Spada and
Hahnel (2018); Schmidt et al. (2012), this study draws on the conceptual framing of
energy autarky by Muller et al. (2011). The authors conceptualize energy autarky as
a situation in which the energy services used to sustain local consumption, production
and exchange of goods and services are based on local RE resources. There are
several potential benefits of autarky in the energy sector for individuals including in-
dependence, enhanced energy efficiency, environmental benefits as they limit autarky
to the use of clean energy source, and resilience. Although Miiller et al. (2011) con-
ceptualise energy autarky in a regional context, this thesis extends it to the residential
estate level by considering the independence of energy supply for individuals dwelling

in residential estates.

2.4.Discussion
First, the literature is rich in identifying determinants of WTP and studies in different
contexts have examined this in detail. The literature also agrees that differences in
WTP estimates and market acceptance for various RE sources are primarily positive
and context-specific. Thirdly, there is comprehensive coverage regarding energy
sources as the literature is rich in investigating WTP for electricity generated from
various renewable sources. Some studies focus broadly on renewable-based electric-

ity, while others focus on power from individual sources like wind and solar. There’s
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also some agreement in the literature that consumers are interested in paying (some-

times higher costs) for reliable supply from renewables.

An identified gap in the literature is using qualitative research in attribute selection for
SP studies in energy. When deciding on attributes to include in a choice experiment,
authors can use approaches ranging from purely theoretical to qualitative. For the
gualitative approaches, studies have often either carried out exploratory interviews or
focus group discussions with the population of interest on deciding on the attributes
to include in the study. These interviews can also be used to understand the language
such participants use, which can prove valuable to ensure the respondents can un-

derstand the language used in the DCE.

Studies in health economics using DCE have incorporated this qualitative process in
determining the attributes to include. However, the literature on WTP using DCE in
energy appeared to place less emphasis on the qualitative process. Only recently, a
handful of studies in the energy literature have been identified to incorporate qualita-
tive studies such as focus group discussions (for example, Oseni, 2015, 2016;
Lienhoop, 2018) and interviews (Glumac and Wissink, 2018). However, these studies
have little evidence on the methodological approach in the qualitative phase, providing

scant details on the sampling and analysis conducted to select the attributes.

Furthermore, in presenting an agenda for energy and social science research,
Sovacool (2014) raised an important point by challenging researchers to investigate
‘how best the benefits of ‘human-centred’ research methods can be coupled with
quantitative forms of data collection and analysis.”. The inclusion of qualitative meth-
ods in DCE studies has been recommended as a good practice in the health econom-
ics literature (Coast and Horrocks, 2007; Bridges et al., 2011; Johnson et al., 2013;
Johnston et al., 2017) and has been recommended for adoption in environmental and
energy studies (Rakotonarivo, Schaafsma and Hockley, 2016). Thus, this study fol-

lows suit by embedding a qualitative process in the development of the DCE.

Oerlemans et al. (2016) highlighted that most of the WTP studies using the CV method

have been on developed countries, with few studies on developing countries such as
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those in Africa. With the rising population, urgent energy access needs, and the im-
portance of providing energy through RE to mitigate climate change, it is pertinent to
have more studies in this area conducted on developing African countries to inform
policy and practice in these countries. As the study by Grimm et al. (2017) concluded,
there’s a need for further experimental studies that can examine the mechanisms be-
hind the take-up behaviour of SHS in developing countries, including households’

WTP for electric energy, the role of credit constraints, and information.

On P2P energy trading, the literature review shows that this is a topic that has gar-
nered interest in recent years, given its potential to transform the way energy is pro-
duced, distributed, and consumed. The literature on P2P energy trading has identified
a number of potential benefits, including increased efficiency and reliability of the elec-
tricity grid, reduced costs for consumers, and increased adoption of renewable energy.
The literature has also identified a number of challenges that need to be addressed
for P2P energy trading to succeed, including technical and regulatory barriers, as well
as issues related to fairness and equity.

However, the literature review shows that there is growing, albeit limited, literature on
the preferences of individuals to engage in P2P energy trading. All the identified con-
sumer survey studies were based on developed countries, with little evidence on de-
veloping countries. Similarly, no studies on consumers' preferences in the global south
or Africa have examined household or individual preferences for P2P energy trading.
This study also finds limited evidence in the literature on the differences in personal
preferences for energy trading regarding buying and selling energy with neighbours

within a residential estate setting.

This study aims to contribute to the literature by filling this gap. Furthermore, this study
also contributes to the literature by investigating consumer preferences for energy
trading within contexts with grid supply and the role of autarky aspirations in address-

ing individuals' preferences for a reliable electricity supply in such contexts.
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2.5.Conclusion
In summary, this section review has focused on the literature on WTP for RE and
preferences for P2P energy trading. It has highlighted some of the key findings and
strengths of the literature, including identifying determinants of WTP and highlighting
context-specific differences in WTP estimates and market acceptance for various RE
sources. Furthermore, the literature is also rich in investigating WTP for electricity

generated from multiple renewable sources.

This review has also identified some research gaps, including the need to approach
RE adoption from the perspective of the benefits to the local environment of users and
not just the global benefits in the form of environmental and climate change mitigation.
It also highlighted the need for more DCE studies in the RE field that embed a thor-
ough qualitative process in attribute selection. This review found a relatively small
number of studies on developing countries and WTP for solar as a form of backup
electricity and the WTP for specific attributes of solar PV. Finally, there is also a gap

in studies on consumer preferences for energy trading.
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3. CHAPTER 3: RESEARCH DESIGN AND METHODS

Chapter Overview
This chapter discusses the mixed methods research design adopted in this study to
answer the research questions and achieve the objectives. The pragmatic research
paradigm employed in this study is discussed. This chapter also provides a detailed
explanation of the qualitative and quantitative methods employed, including data col-
lection. It discusses the main phases of the analysis, including thematic analysis used
in the qualitative phase and discrete choice modelling of preferences employed in the
guantitative phase. Structurally, after the introductory section of this chapter which
outlines the overarching mixed-method research design and paradigm, this chapter is
further sub-divided into two parts. Part | focuses on the qualitative research method,

while Part Il focuses on the quantitative research methods employed.

3.1.Introduction
Research design is a critical step in carrying out a scientifically robust study as it helps
to reduce measurement errors and enhance the strength of the results (Black, 1999;
Maxim, 1999; Yin, 2008). It provides a blueprint for research by addressing four is-
sues: what questions to study, what data is relevant, what data to collect, and how to
analyse the results. This chapter discusses the mixed methods research design
adopted in this study to answer the research questions and achieve the objectives.
This chapter also explains the research methods employed and discusses the main

phases of the analysis conducted.

3.2.Research paradigm
The type of beliefs, worldview, or paradigm of the researcher(s) conducting a study
can influence the approach used (Creswell, 2014). Hence it is essential to
acknowledge and expressly state this. It is also necessary to communicate the philo-
sophical and theoretical position employed in a study. There are broadly four research
paradigms (Postpositivism, Transformative, Constructivism, Pragmatism) identified by
Creswell (2014).
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This research is driven by a desire to understand how adopting solar PV, and P2P
energy trading can address challenges associated with grid provided electricity supply
and fossil-fuel-based backup generators in Nigeria. This problem centred focus is
closely aligned with the core view of pragmatism, which is that pragmatism is an at-
tempt to gain knowledge in pursuit of desired ends and not just the abstract pursuit of
knowledge through inquiry (Morgan, 2007).

Pragmatism considers the research question to be more important than either the
method or the world view that underlies the method (Tashakkori and Teddlie, 2010).
Pragmatism is not just a recent view, as it existed before quantitative and qualitative
methods. Creswell (2014), citing Murphy (1990), noted that pragmatism as a paradigm
arose from the works of writers such as Peirce, James, Mead, and Dewey. While this
philosophy has evolved into different forms, as a worldview, it emerges out of actions,
situations and consequences, as opposed to antecedent conditions in the case of
other worldviews such as post-positivism. Rather than focusing on methods, pragma-
tism emphasises solving the problem and what works, hence all available approaches
to understanding the problem are employed (Rossman and Wilson, 1985; Patton,
1990).

Proponents of mixed-method approaches such as Rossman and Wilson (1985);
Onwuegbuzie and Johnson (2004); Morgan (2007); Tashakkori and Teddlie (2010)
have argued that combining insights from qualitative and quantitative data can provide
a rich and insightful analysis of complex phenomena beyond what can be achieved
by using either one in isolation. As a philosophical underpinning for mixed methods
studies, authors such as Patton (1990); Morgan (2007); Tashakkori and Teddlie
(2010) emphasize that pragmatism has an essential role in focusing attention on the
research problem in social science research and then using pluralistic approaches to

derive knowledge about the issue (Cresswell 2014).

Hence, this study followed a pragmatic approach in formulating the research questions
and design. However, pragmatic approaches are not without challenges, including the
tendency to build on fewer foundations than more established research traditions.

They may also not have thoroughly defined research protocols; hence research
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employing pragmatic approaches requires understanding different theoretical posi-
tions and using a wide range of methods to collect and analyse data (Morgenstern,
2016). This can serve as a threat to the quality of the research conducted. To mitigate
against this, a detailed process was followed to ensure the quality of the data gathered

and the interpretation at all phases of the research.

3.3.Mixed Methods Research Design
Mixed methods research collects qualitative and quantitative data in one study and
integrates these data at some stage of the research process (Halcomb and Hickman,
2015). Creswell (2014) describes mixed methods research as an approach to an in-
quiry involving collecting quantitative and qualitative data, integrating the two forms of
data, and using distinct designs that may include philosophical assumptions and the-
oretical frameworks. The central premise here is that combining qualitative and quan-
titative approaches provides a better understanding of a research problem than either
approach alone (Ostlund et al., 2011). Qualitative data tends to be open-ended without
predetermined responses, while quantitative data usually includes closed-ended re-

sponses found on questionnaires or psychological instruments (Creswell, 2014).

3.3.1. Exploratory Sequential Mixed Methods

Exploratory Sequential Mixed Methods (ESMM) is a Mixed Methods approach
whereby the researcher initially carries out a qualitative research phase and explores
participants' views (see Figure 3-1). The data is analysed and informs the subsequent
guantitative phase. The qualitative phase may be used to build an instrument that best
fits the sample being studied, identify appropriate instruments to use in the quantitative
phase, or specify variables used in the follow-up quantitative study. One of the
strengths of the ESMM is that the different stages make it relatively easier to gather,
analyse and report findings from data. Challenges to this design include focusing on
the relevant qualitative results and the sample selection for both phases of research.
(Creswell, 2014).
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Figure 3-1: Exploratory Sequential Mixed Method Research Design employed
in this study

Qualitative |—— | InstrumentDesign —— | Quantitative —— Interpretation based on
Qualitative — Quantitative results

The mixed methods and specifically ESMM research design is chosen due to the
strengths of combining both the quantitative and qualitative approaches (Creswell,
2014). When deciding on attributes to include in a choice experiment, authors can use
techniques ranging from purely theoretical approaches to qualitative methods
(Timmermans, Van der Heuden and Westerveld, 1982) cited in Glumac and Wissink
(2018). When designing such DCE, Klgjgaard et al. (2012) highlight the importance of
a thorough qualitative process, as a less thorough one would result in a less useable
and valid design. This study followed a mixed-method approach, building on the liter-
ature on analysing consumer preferences for RE technology and policy (Kalkbrenner,
Yonezawa and Roosen, 2017; Sagebiel, 2017; Kubli, Loock and Wiistenhagen, 2018;
Lienhoop, 2018).

The study commenced with a qualitative phase, drawing on findings from the literature
review and exploratory semi-structured interviews with real estate agents in Nigeria.
This was based on guidance on best practices for SP studies (Bridges et al., 2011;
Johnson et al., 2013; Johnston et al., 2017) and previous research (Ozbafli, 2011;
Oseni, 2015, 2016; Glumac and Wissink, 2018; Bao et al., 2020). The qualitative
phase served the purpose of outlining attributes that residents look out for when de-
ciding on a new home and the experiences of real estate agents regarding backup

energy usage in residential buildings.

This initial qualitative phase guided the design of the quantitative phase. Specifically,
it informed the elicitation of relevant attributes and levels to include in a discrete choice
experiment contained in a survey of residents living in estates in Ibadan, a Nigerian
city (outlined in Section 3.6). In addition to aiding the choice experiment design, the
gualitative phase provided insights into the value that housing residents place on
dwelling in environments with reduced air and noise pollution. In the quantitative

stage, data from the survey were analysed using econometric analysis of choice data.

64



3.3.2. Study Location

Nigeria is divided into 36 states and the federal capital territory of Abuja. Each state
is divided into three senatorial districts containing several local government areas
(LGAs). Oyo State was chosen because it is home to Ibadan. With a population of 3.1
million!4, Ibadan city is the largest metropolitan geographical area in West Africa,
home to 45 per cent of Oyo state’s population (World Bank, 2014). The metropolis
comprises the city of Ibadan (Ibadan urban) and surrounding suburban districts (semi-
urban Ibadan). The Ibadan urban consists of five LGAs in the core area of Ibadan
city!®, while semi-urban Ibadan constitutes the six LGAs?® in the periphery of the Iba-
dan metropolitan area (Wahab and Falola, 2016). The interviews were conducted with
real estate agents located within the Ibadan urban area as the research is specifically
focused on the urban residents. The Ibadan urban area is also home to various hous-
ing estates with residents that often self-organise themselves through estate associ-
ations, making it an interesting case to explore. As outlined in Section 2.3.4, given the
broad neglect of the government at the local level in providing infrastructure and
amenities like security in residential neighbourhoods, residents organise themselves
in estate associations. Estate associations in Ibadan are actively involved in the
provision and maintenance of amenities such as neighbourhood security, waste dis-
posal/management services, provision of street lights, electricity transformers, com-
munity potable water, and road maintenance, amongst others (Wahab and Adetunii,
2015; Fateye et al., 2021).

Previous research by Adedeji (2016) on electricity demand in Ibadan found two distinct
periods of household energy demand; peak and off-peak periods. The peak period
was characterised as a period with very high demand for electricity service provision,
typically between 6.00 am and 9.00 am and between 18.00 pm and 12.00 pm. Con-

versely, the off-peak period was characterised by low demand for electricity services,

14 2013 estimate based on (World Bank, 2014).

15 These are Ibadan North, Ibadan North-East, Ibadan North-West, Ibadan South-East, and Ibadan South-West
LGAs.

16 These are Ona-Ara, Ido, Oluyole, Akinyele, Egbeda and Lagelu LGAs
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typically between 10.00 am and 4.00 pm, when residents are at work or away from
home. The study also found that demand for energy services in a typical household in
Ibadan commenced in the morning around 5.00am to 6.00am for services such as
lighting, ironing and water heating demands for baths, bread toasting and use of mi-
crowave amongst others. Demand in the midday was largely for entertainment/recre-
ational activities of those present in the house with the use of electric fan for cooling
and, in some cases, air conditioning systems and use of refrigerators for food preser-
vation all around the clock. Demand at night was primarily used for lighting purposes
and to extend the hours of the day. Other uses included cooling to get maximum
sleeping comfort; communications and information services (charging of
phones/handsets, listening to news); entertainment via watching television and other
activities, like washing machines and microwaves in households with such. However,
the inadequacy of electricity provision during peak periods forced households to
switch and shift to other forms of energy such as generators.

On the supply side, the survey by Adedeji 2016 found supply timing to be erratic, and
unpredictable see Figure 3-2 below. The study showed that there was no predictable
period of electricity availability during the day. The inadequate quantity of electricity
often resulted in households selectively using other forms of energy in the absence of
electricity, and therefore, a movement of households down the bottom of the energy

ladder.
Figure 3-2: Time of the day of electricity supply in Ibadan, Nigeria (per cent)
56.8
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Source: Adapted from Adedeji (2016)
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Similarly, the number of hours of electricity supply in Ibadan is also very limited. Data
from fieldwork conducted in this thesis shows the average hours of grid electricity
supply in lIbadan to be around 5 to 10 hours daily (see Figure 3-3). Although many
households desire to use electricity for various services, such as to power appliances,
such services are typically not enjoyable due to the incessant blackouts. Households
also suffer damages to electrical appliances from low voltage and supply fluctuations.
These damages are often without any form of compensation from the electric utility.
Ibadan has significant potential for using rooftop solar PV to meet energy needs. In
terms of solar energy availability, a technical evaluation on the potential for rooftop
solar in Ibadan Nigeria, by Ayodele, Ogunjuyigbe and Nwakanma, (2021) showed the
significant potential for rooftop solar PV in Ibadan. The study estimated the annual

solar energy harvestable on rooftop was estimated to be about 6.7 TWh/year.

Figure 3-3: Average hours of grid electricity supply in Ibadan (per cent)

10-<15hrs

15-<20 hrs

> 20 hrs

Source: Field Survey
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Part |
This sub-section outlines the qualitative research method used in this study. It outlines
the study location, data collection method, interview approach and analysis. It ends

by providing an outline of the ethical considerations in this study phase.

3.4.Qualitative Research Method

3.4.1. Method of data collection / Sampling Technique

The purposive sample method was employed as participants were selected based on
their status and expertise as real estate agents and realtors. Being a non-probability
sample determined based on the characteristics of a population and the study's ob-
jective, the purposive sampling method was considered appropriate to gather insights
into the nature of the phenomenon being studied (Robson, 2011). In this case, the
backup energy attributes residents seek when choosing a home. It is also considered
applicable in this study because real estate agents and solar companies are vital to
understanding how solar systems can be adopted among their residential clients in

Nigerian cities.

Purposive sampling has limitations, including subjectivity and the validity of general-
ising findings to a broader population (Battaglia, 2014). To reduce subjectivity and
ensure representativeness, the nature of respondents was discussed with members
of the supervisory team. Participants in the research were identified by examining
online directories of real estate agencies and estate developers in Ibadan. These were
then contacted by telephone, and interviews were sought with them. Those who were

granted permission for interviews participated in the research.

The real estate agents were selected as respondents for the qualitative section, for
the following reasons. First, at the time the research was being designed, the consid-
eration was that real estate agents were best placed to provide insights on the nature
of backup energy use, given their familiarity with various types of houses and the cor-
responding energy needs of such houses. Second, the interviews with the real estate

agents were also sought, so they could provide some clarity on whether to focus on
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residential homes rather than multi-occupant homes which was the notion at the time
of designing the research, before designing the field survey.

3.4.2. Characteristics of the respondents

Eight experts were interviewed in June 2018, with seven face-to-face interviews, while
one respondent (a real estate agent) sent responses to the questions via email. Table
3-1 lists the participants using pseudonymised names. Of the seven face-to-face in-
terviews, six were with real estate agents, and one was with a solar company repre-
sentative. By sex, there was limited participation of female respondents as only two
out of the respondents were female. This is primarily because the real estate industry
in Nigeria is generally dominated by male professionals (Oladapo, 2017; Oluwunmi et
al., 2017), however in hindsight, the research could have considered further ways to
identify female real estate agents to interview through snowballing approach. This
would have further allowed for diverse views and perspectives among the study re-

spondents.

Table 3-1: Characteristics of participants

Participant pseudonyms | Category Sex
AKin Real estate agent Male
Bayo Real estate agent Male
Chike Real estate agent Male
Deji Real estate agent Male
Enitan Real estate agent Female
Femi Real estate agent Male
Gbenga Real estate agent Male
Ige Solar energy company Female

3.4.3. Interview Approach

The interviews with real estate agents commenced by asking warm-up questions
which focused on the nature of buildings the real estate agents have available to rent,
attributes of homes they showcase to tenants and attributes that their residential cli-
ents consider when deciding to rent a home. The interviews then narrowed down on

the energy considerations of tenants when deciding on a house. The interviews
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discussed the nature of backup energy provision, including clients' preferences for
clean and quiet backup energy. The interviews also examined the perceptions of es-

tate agents regarding clients’ interest in clean and quiet housing.

The interview with the solar company broadly focused on investigating the perceptions
of important decision-makers regarding the adoption of solar energy in residential es-
tates. Furthermore, it also investigated experiences relating to requests residential
clients make about having specific hours of electricity from the solar systems. The
interview also explored attributes of solar energy that the company showcases to its

clients.

The interviews took a semi-structured format, where participants responded and dis-
cussed answers to various open-ended questions posed by the researcher based on
an interview question guide. The semi-structured format was chosen because it al-
lowed multiple aspects of the issue to be explored, with follow-up questions to probe
further. The interviews lasted between 30 minutes to 1 hour and were recorded with
the respondents' permission. Notes were also taken during the interviews. The inter-
view guide, which contains a description of the questions asked, can be found in Ap-
pendix A4. Using the interview guide allowed uniformity in the questions posed to var-
ious respondents. However, sometimes questions did not follow the order in the guide
because some respondents covered some issues in their responses to earlier ques-
tions. As much as possible, those questions were still asked to ensure they were ad-
equately covered. Furthermore, to validate and ensure the accuracy of their re-

sponses, answers were repeated to the respondents.

3.4.4. Interview Analysis

This qualitative data analysis followed the thematic analysis approach outlined in
Braun and Clarke (2006) to identify and concisely describe emergent themes and pat-
terns from the interviews. Thematic analysis was chosen because of its flexibility and
ability to identify, analyze, and report patterns (themes) within data (Braun and Clarke,
2006). Another reason why the thematic analysis was chosen is its ability to convey

experiences, meanings, and participants' reality (Braun and Clarke, 2006). Another
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benefit of this approach is that it “offers an accessible and theoretically flexible ap-

proach to analysing qualitative data” (Braun and Clarke, 2006, p. 101).

Braun and Clarke (2006) recommended the six phases of thematic analysis (1). Being
familiarised with the data (2). Generating initial codes (3). Searching for themes (4).
Reviewing themes (5). Defining and naming themes (6), producing the report. The
interviews were transcribed and initially coded in Microsoft Word and analysed using
NVivo 12, a qualitative data analysis software (QSR, 2015). | present how | carried

out the six phases below.

For the first phase, | familiarized myself with my transcripts through repeated reading
whilst searching for meanings, taking notes and marking ideas for coding (Braun and
Clarke 2006). The coding process is essential as it aids in organization, preventing
data overload, and conceptualising (Walliman, 2006). At the end of each interview
day, extra notes of crucial points reflected strongly in the analysis were made. Phases
two and three started with generating initial codes and searching for themes, respec-
tively (Braun and Clarke 2006). The production of initial codes from the data was es-
sential to understanding the emergent themes. At this preliminary stage, the interview
transcripts were read in detail without any theoretical assumptions to gain familiarity
with the data. Initial themes were highlighted and coded in Microsoft Word. The tran-

scripts were then imported to NVivo for further coding.

In phases four and five, | reviewed and named the themes (Braun and Clarke 2006).
At this stage, | revised some themes and merged them to form a theme and broke
some other themes down into separate themes in line with the recommendations of
Miles and Huberman (1994)1’. By defining and refining these themes, | identified their
significance to the study and various aspects of the data captured by these themes.
A total of 57 codes'® emerged from this process. These codes were placed in five
categories. For the sixth and final phase, findings on the emergent themes were

17 They suggest that qualitative data analysis should follow a concurrent process of data reduction, data display
and conclusion drawing/verification.

18 The code sheet is attached in the appendix
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written up. Themes and categories that emerged from the analysis were interpreted
and are presented in Chapter 4.

3.4.5. Credibility and trustworthiness

Reliability and validity are essential criteria to establish and assess the quality of re-
search done using quantitative methods. However, due to the emphasis that reliability
and validity place on measurement, the inability to replicate social settings, and vary-
ing accounts of social realities by researchers, authors such as LeCompte and Goetz
(1982) argue that it might be inappropriate to apply these to qualitative research. In
gualitative studies such as this one, Guba and Lincoln (1994) put forward trustworthi-
ness and credibility as two primary criteria that can be used to assess research quality.
To ensure trustworthiness, this research employed measures such as respondent val-
idation by relaying the research findings to participants to ensure that the results depict
their perspectives and experiences (Bryman, 2008, p. 377). Another measure to en-
sure trustworthiness is by describing the context (Nigeria) where this research is tak-
ing place to allow others to make informed judgments on its transferability. This study
also took steps to ensure dependability. All stages of the research process (including
problem formulation, selection of participants, field notes, interview transcripts, data
analysis decisions, etc.) are well documented to keep an audit trail of the research.
This research took steps to represent different viewpoints among stakeholders to en-
sure credibility. Employing the dual use of computer-assisted data analysis via NVivo
and manual checks on the analysis in line with the study done by Jugder (2016) also

improved the trustworthiness and credibility of this research.

3.4.6. Interview Ethical considerations

This phase of the research was carried out with approval from appropriate UCL ethics
boards, and the project was compliant with the General Data Protection Regulation.
The participants provided their informed consent to take part in the study after reading
an information sheet with a plain English explanation of the data collected if they
agreed to participate. The information sheet also clearly explained what the data

would be used for. This information included explaining that their words may be quoted
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for illustration in this thesis, conference presentations, and other publications, but out-
lined how such quotations will not disclose their identity or the identity of their organi-
sation. The information sheet emphasised the lack of obligation to participate and the
channels available for withdrawing from the study and lodging any complaints arising
due to the research. If the participants agreed to participate in the study, they signed
an informed consent form to indicate that they had read and understood the infor-
mation sheet. The information sheet and informed consent form are given in Appendix
A2 and A3. There were no direct benefits to the participants from taking part in the
research; however, the participant information sheet outlined those potential benefits
of research findings on the marketing strategies of the real estate agents. Upon com-
pleting the interviews, participants were thanked for participating in the research. The
research was designed not to harm the participants or the researcher. Risks to phys-
ical harm were addressed and mitigated by completing appropriate risk assessments,
which were completed before the field trip. Risks to reputational harm to the partici-
pants was mitigated by ensuring that the participants were non-identifiable in the

presentation of all results from the project.

Part Il
3.5.Quantitative Research Methods

This sub-section provides details on the quantitative research methods used in this
study. It outlines the approaches to measuring consumer preferences, details the dis-
crete choice method employed, the survey design, data collection and analysis. It
ends by providing an outline of the survey's ethical considerations.

3.5.1. Approaches to measuring consumer preferences

There are numerous methods used to study RE valuation. These can be grouped into
five main categories; SP, revealed preference (RP), portfolio analysis, energy analysis
and various other economic but non-welfare-based methods (Menegaki, 2008). SP

employs methods based on surveys and hypothetical scenarios, while the RP method
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uses actual consumer expenditure data on goods related to the service of interest?®.
Under the SP approach, WTP for RE is usually evaluated by carrying out a DCE or
using the CV method.

3.5.2. Revealed Preference Approach

The RP approach refers to methods based on ex-post analysis of actual decisions.
For example, methods used to analyse actual purchase decisions of consumers in a
grocery chain like Tesco. Although revealed preference methods have clear ad-
vantages, they also have several statistical shortcomings (Calfee, Winston and
Stempski, 2001; Freeman, 2003). For example, market data is not always available to
estimate consumer preferences; and even if such data are available, they may be too
correlated and thus frustrate empirical procedures. Also, revealed preferences data
do not allow for estimating a commodity’s value that is partly unrelated to the con-
sumption of complementary goods. By contrast, SP methods enable researchers to

measure this value, and it is often referred to as “existence value”, “passive use value”,

or “non-use value” (Zalejska-Jonsson, 2014).

3.5.3. Stated Preference Approach

The SP approach refers to a family of techniques that use individual respondents'
statements about their preferences in a set of alternatives to estimate utility functions
(Kroes and Sheldon, 1988; Rose and Bliemer, 2009). SP data is collected through
experimental situations or surveys in which respondents are presented with choice
problems of a hypothetical nature. It is also described as the direct approach, as the
data comes directly from the respondents, the hypothetical decision-makers. As such,
this approach does not represent the actual decisions or behaviour of the respond-
ents. Instead, it describes how the decision-makers state they would behave.

Advantages of SP data include its ability to indicate how individuals will behave in a

scenario or situation that is yet to exist (Johnson et al., 2013; Tinch et al., 2019), such

19 It is important to note that stated WTP might not translate to actual consumer behaviour and there is a robust

literature that examines the differences between stated and actual WTP.

74



as creating a new technology type, in this case, a form of backup electricity. Hence, if
the research objective is to exemplify consumers' behaviour towards a product that
does not exist, the SP approach is considered suitable for such analysis (Calfee,
Winston and Stempski, 2001; Chen, Honda and Yang, 2013). Another strong point of
the SP approach is that it is suited to data with little or no variation (Bridges et al.,
2011; Chen, Honda and Yang, 2013; Janssen, Hauber and Bridges, 2018). The data
collection instrument can be designed to result in the data having the desired variation.
The primary drawback of SP data is that actual behaviour by respondents might differ
from what they have stated because the respondent might feel they are expected to
behave in a specific manner or because they might not know how to respond (Matyas,
2020).

Several studies have expressed concerns over the ability of SP approaches to predict
actual purchase behaviours (Aguilar and Vlosky, 2007; Bull, 2012; Namkung and
Jang, 2017). However, some studies have opined that many of the observed problems
with the SP approach can be corrected by careful study design and implementation
(Calfee, Winston and Stempski, 2001; Carson, Flores and Meade, 2001). For exam-
ple, Byrnes et al. (1999) compared hypothetical WTP statements with actual payment
commitments. They discovered that the CV method can accurately predict an individ-
ual’s WTP but that it is an unreliable estimator of the specific individuals that will even-

tually pay.

3.5.3.1. Justification and limitations of the Stated preference method
This study employs the SP approach, focusing on investigating the value of “non-direct
goods”, including the attributes of solar energy and interest in P2P energy trading, for
which data on actual individual decisions in Nigeria is not readily available. The SP
approach was taken due to three reasons; timing, data availability and suitability for

examining interest in P2P energy trading.

Starting from the timing perspective, in 2017, when this research commenced, to the
best of my knowledge, | was not aware of how | could get like highly reliable revealed

preference data to answer the research questions. Thanks to my examiners, | now
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understand that | could also have carried out a revealed preference study via a survey,
but at the time of conducting this research, | was not aware of this possibility.

On data availability, to the best of my understanding, there was limited publicly avail-
able data on solar PV adoption at a granular level that allowed for the investigation of
preferences. Whilst there is some data on the adoption of solar systems in Nigeria
provided by the GOGLA as outlined in Chapter 1, this data doesn't give detailed infor-
mation about the nature of consumers, such as demographic information, and loca-
tion, that could be used to tease out information about preferences. Furthermore,
linked with the timing point above, | only became aware of the GOGLA data towards

the end of my PhD when | was trying to write up my thesis.

Similarly, an existing household-level survey by the Nigerian National Bureau of Sta-
tistics and the World Bank only has a few questions about energy use?° but doesn’t
provide granular information about the nature of such use, especially as it relates to
the use of solar energy for backup electricity. Furthermore, the most recent Multi-Tier
Framework survey on Nigeria conducted in 2018, which has in-depth coverage of en-

ergy usage in depth only covers North-West Nigeria (World Bank, 2018)w.

Third and most importantly, the choice of the SP method was most suitable for exam-
ining interest in P2P energy trading, given that this information does not exist. As P2P
energy trading is not existent in the Nigerian energy sector, the use of the SP method
is advantageous because when examining technology that does not exist and is likely
uptake among potential consumers, the SP approach is the most appropriate ap-
proach.

As outlined above, the key limitation of this approach is that it does not reflect actual
purchase behaviour and actual real-world behaviour. However, the use of the SP ap-
proach is useful to tease out what the likely preferences and the nature of interest for

P2P would be within the research context.

20 The only household energy related question in the General Household Survey-Panel questionnaire
are related to asking if households made any energy related purchases such as paying for electricity,
gas, cooking fuel, petrol, diesel etc
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3.6.Discrete Choice Experiments
According to Louviere (2001), DCEs typically comprise: (i) a fixed set of choice op-
tions; (ii) a set of attributes that describe the potential differences in the choice options;
(i) a set of levels or values assigned to each attribute to capture the range of variation
in that attribute; (iv) a sample of subjects who evaluate all or a subset of the choice
sets in the total experiment and choose one of all the possible options available to be

chosen in each set.

Respondents are initially asked to choose their most preferred option from two or more
alternatives and then repeat this process over different choice sets (Quaife et al.,
2016). To maximise the statistical efficiency of the experimental design, there is a
systematic variation of attribute levels between choice sets. In each choice set, the
respondents will pick the option that gives them the most benefit. Therefore, the
choices they make point toward an underlying utility function. Econometric analysis of
DCE data can then be used to estimate these utility functions, which quantitatively
weigh the value placed on each attribute. An in-depth analysis of these preferences
can also be carried out when variables that capture socio-demographic information of
respondents are included as explanatory variables in these functions (Hensher, Rose
and Greene, 2005).

DCEs can quantitatively single out an individual’s valuation of specific attributes (such
as the clean and quiet benefits of using solar PV for backup electricity) and determine
the strength of consumer preference for an attribute relative to another (such as price)
(Sundt and Rehdanz, 2015b; Potoglou et al., 2020). They can also be used for fore-
casting demand, generating WTP estimates and potential uptake of new products and
services (Aizaki and Nishimura, 2008). They also present policy-relevant findings by
understanding attributes essential to people, the trade-off between attributes, and the
simulation of various possible product uptake scenarios (Mangham, Hanson and
McPake, 2009). Other strengths of DCEs include the advantage that a properly de-
signed study is easy for participants to understand and the results are relatively easy
to interpret (Mariel et al., 2021).
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However, DCEs also have shortcomings, including the hypothetical nature of choices
and consequent susceptibility to hypothetical bias and strategic behaviour (Hensher,
2010). A good experimental design ensures that the choices presented mirror deci-
sions that respondents face in real life to overcome this bias. They also have limited
external validity and applicability to other settings different from those carried out
(Lancsar and Swait, 2014). They are also viewed as a somewhat simplified and sim-
plistic approach to evaluating choices compared with real-life decision-making
(Rommel, Sagebiel and Miiller, 2016; Sagebiel, 2017). Furthermore, DCEs are com-
plex to design and analyse; hence the importance of preliminary qualitative work to
shape attribute design cannot be overemphasized (Coast et al., 2012; Vass, Rigby
and Payne, 2017). Adequately designed surveys are also less cognitively demanding

for participants.

3.6.1. Using DCEs to Elicit Consumer Preferences

DCEs are used to elicit consumer preferences (Oerlemans, Chan and Volschenk,
2016), relying on the SP methods based on the classical random utility theory
(Lancaster, 1966; Louviere, 2001). Unlike revealed preference (RP) methods based
on ex-post analysis of actual decisions, DCEs are used when there is scant infor-
mation on observed behaviour. DCEs are usually implemented through surveys where
individuals are typically confronted with making their preferred choice between two or
more alternatives (e.g. products). These alternatives are described by their attributes
(e.g., price, quality, and quantity (Lancsar, Fiebig and Hole, 2017)). These attributes
take one of several levels that describe ranges over which the attributes vary (e.g. for

a price attribute, this could range from £100-£1,000).

Based on DCE data, econometric methods can be used to analyse key drivers of
consumer preferences quantitatively and predict future behaviour. Such data analysis
can illuminate the relationship between specific attributes and respondents’ choices.
It can also show how changes in attribute levels affect the average respondent’s utility
or WTP. DCEs differ from another SP approach, the Contingent Valuation (CV)

method, as the CV keeps the attribute values of the product in question fixed among
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all individuals. In contrast, DCEs keep them experimentally varied (Oerlemans, Chan
and Volschenk, 2016). Furthermore, DCEs also generate information about the case
where the product is not chosen, while CV collects information about the selected

product.

DCEs have been applied in various fields, such as health economics (Lancsar et al.,
2013; Clark et al., 2014; Muhlbacher and Johnson, 2016; Quaife et al., 2018); trans-
portation (Casey, Kahn and Rivas, 2008; Lagarde and Blaauw, 2009; Hackbarth and
Madlener, 2016; Mayas and Kamargianni, 2017), environmental valuation
(Schaafsma et al., 2014; Gamel, Menrad and Decker, 2016; Rakotonarivo, Schaafsma
and Hockley, 2016; Mariel, Hoyos, Meyerhoff, Czajkowski, Dekker, Glenk, Jacobsen,
et al., 2021), marketing (Louviere, Pihlens and Carson, 2011; Hess and Daly, 2014;
Breidert, Hahsler and Reutterer, 2015), and energy economics (Borchers, Duke and
Parsons, 2007; Sundt and Rehdanz, 2015a; Cardella, Ewing and Williams, 2017;
Kubli, Loock and Wistenhagen, 2018).

Following Louviere's (2001) and Ben-Akiva and Lerman's (1985) recommendations,

the choice experiment is carried out in five stages, shown in Figure 3-4 below.

Figure 3-4: Discrete Choice Experiment Steps

lilentiieaienial Attribute List Experimental Data collection and Analysis and
the research lati desi : di L
oo Formulation esign experiments issemination

3.6.2. Identification of the research problem

Identification of the research problem formed the basis of the exploratory research
work conducted between September 2017 and May 2018. The main issue the re-
search aimed to address is the challenges associated with using generators to meet
backup electricity needs in Nigeria and the role of clean energy alternatives like solar
PV and P2P energy trading in addressing this problem, as outlined in the introductory
chapter. As seen in Section 3.4 and Chapter 4, which outlined the main findings from

the exploratory research work, clean and quiet attributes of solar energy are of
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importance to residents and therefore shaped the selection of attributes considered
for selection in the study as described in the next section.

3.6.3. Attribute List formulation

Identifying relevant attributes in this study involved an initial qualitative phase as out-
lined in Section 3.4 and a review of the literature on RE using SP methods. This pro-
cess was based on recommendations in the literature on including qualitative research
in attribute development and selection for DCEs (Coast and Horrocks, 2007; Coast et
al., 2012). This study contained two cost attributes, one for house price and the other
for backup price. There have been discussions in the DCE literature that the inclusion
of two cost attributes might increase the response error variance, indicating that the
choice responses are less deterministic (DeShazo and Fermo, 2002; Islam, Louviere
and Burke, 2007; Pedersen et al., 2011; Dellaert, Donkers and Van Soest, 2012).
However, Sever et al. (2018) demonstrated in their study that the effect of an addi-
tional cost attribute is the same as the expected effect of including any other choice
attribute. Hence the influence might not be as relevant as previously argued in the

literature.

The attribute selection was also guided by the research questions. For example, to
answer RQ1 (what are user preferences for solar PV as a form of backup electricity in
a Nigerian residential setting?), the study attributes were informed by empirical studies
outlined in Section 2.1 that broadly showed that some of the factors that motivate
people to adopt solar PV are related to concerns for the environment, technological
interests, and financial considerations such as cost (Vasseur and Kemp, 2015; Ugulu,
2016; Bondio, Shahnazari and McHugh, 2018; Palm, 2020).

On the energy trading attribute, this was informed by the quest to further understand
the potential benefits that influence preferences for P2P energy trading among resi-
dential consumers, as outlined in RQ2. As the literature review in Section 2.2 showed
that whilst limited, empirical evidence from surveys with prospective prosumers has
been used to depict preferences for P2P energy trading (Sorin, Bobo and Pinson,
2019; Ableitner et al., 2020; Hackbarth and L6bbe, 2020; Hahnel et al., 2020;
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Georgarakis et al., 2021). Some of these studies show the need for further exploration
of energy trading as it relates to individuals. As Mengelkamp et al. (2017) concluded,
"The socioeconomic incentives of community members to participate in localized en-
ergy markets require further research to adapt the market design to facilitate an effi-

cient allocation of local energy generation.”

Furthermore, the theoretical framing of exchange by Gudeman (2008, 2016), as out-
lined in Section 2.3.3, revealed that in a market, people exchange goods, buying and
selling at the best price available. Drawing on the empirical and theoretical literature,
this study added some nuance to the inclusion of the energy trading attribute by further

distinguishing between preferences for buying and selling.

Furthermore, the inclusion of the attributes aided the investigation of willingness to
pay estimates in Section 5.3.4. It is important to note here that, as shown above, the
inclusion of two cost estimates is justified on the basis that it allows for a disentangling
of the preferences when accounting for house price and backup price. However, an
alternative approach would have been to use a single additive cost attribute which
accounts for both cost attributes on the basis that they are fixed costs. The final list of
attributes and their respective levels are described in Table 3-2 below.
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Table 3-2:Study Attributes and levels

Attribute

Levels

Explanation

Backup type permitted
(Backup)

Generator

Status quo option; therefore, no cost is
involved

Inverter

No generator is allowed, and backup
electricity provision is via inverter and
battery storage

Solar

No generator is allowed, and backup
electricity provision is via rooftop solar
PV, inverter and battery storage

Noise and air pollution
(Pollution)

None

Status quo option

Low

High

This variable captures the amount of
generator and related noise in the es-
tate. It also captures how residents
view the amount of air pollution in the
estate, primarily resulting from genera-
tor exhaust fumes. The ‘low’ level of
pollution depicts instances where resi-
dents experience moderate noise and
air pollution, while the “High” level de-
picts a severe pollution level.

Energy Trading (Trade)

No energy
(none)

trading

Status quo option; therefore, no cost is
involved

Buying electricity from
neighbours

Participants can buy energy from other
residents

Selling electricity to | Participants can sell excess energy to
neighbours other residents
Cost of the house | HNHO Status quo option; therefore, no cost is
(House price) involved
&10million (US$ | This variable captures the cost of the
32,583)%* house being purchased in the new es-
§&20million (US$ | tate
65,166)
Initial cost of the backup | N0 Status quo option; therefore, no cost is

energy system
(Backup price)

involved

Hlmillion (US$ 3,258)

N2million (US$ 6,517)

This variable captures the cost of pur-
chasing the backup energy option

21The exchange rate used in this study is US$ 1 = 8306.91 and is based on the average official exchange rate for
2019, the year when the survey was conducted. Rates are obtained from World Bank, 2021.
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3.6.4. Experimental Design

Designing and administering the DCE is perhaps the most challenging part of DCE
studies, as Lancsar et al. (2017) highlight that reaching the stage of having an ame-
nable and useful dataset emanating from a DCE is significant and should not be un-
derestimated. This study paid careful attention at this experimental design stage, and
an appropriate design was carefully selected based on the recommendations from key
authors in the literature, such as Bridges et al. (2011); Johnson et al. (2013).

In the DCE, respondents are asked to indicate which they prefer between two housing
options and the status quo. There are five attributes with three levels each, meaning
that there is a 3° problem. Hence, a full factorial design for this problem yields 360
alternatives (possible combinations), which is quite numerous for a survey to handle,
even if they were partitioned into blocks administered to groups of respondents. Hence
this study used an orthogonal fractional factorial design with fewer runs and is used in
the literature to deal with designs of this nature (Louviere, 2001; Jaynes, Wong and
Xu, 2016; Oyinbo et al., 2019). The orthogonal design was implemented in R software
(R Development Core Team, 2019) using the support.CES package developed by
Aizaki (2015). The package was used to combine various attribute levels into different
pairs of mutually exclusive hypothetical home options with backup energy evaluated

by respondents.

An orthogonal design is chosen based on recommendations in the literature on DCE
experimental design use an orthogonal design if there is no information on prior esti-
mates, as it is the most efficient in this case (Rose and Bliemer, 2013). The authors
also note that if there is no information on prior estimates, it is good practice to assume
that the prior parameter estimates are all equal to zero. The orthogonal fractional fac-
torial DCE design also overcomes the multicollinearity problem as it ensures no cor-

relation among the attributes (Kim, Park and Lee, 2018).
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3.7.Questionnaire Design and Survey Administration

3.7.1. Choice format

There are two categorizations for DCEs in the literature based on the number of alter-
natives per question and the type of alternatives in the choice sets, respectively
(Aizaki, Nakatani and Sato, 2014). In the first category, DCEs can either be binary or
multinomial?2. In binary DCEs (BDCE), the questions that respondents need to answer
consist of only two alternatives, and it is mostly applied in the health economics liter-
ature. Conversely, in multinomial DCEs, respondents need to answer questions com-
prising three or more alternatives. In the second category, DCEs can be subdivided
into three categories: DCEs with an opt-out option, DCEs with a forced-choice format,
and DCEs with a common base option. In DCEs with an opt-out option, respondents
can decide not to choose any of the alternatives presented, or in the case of the BDCE,
decide not to select the only alternative presented.

In DCEs with a forced-choice format, respondents must choose one of the alternatives
presented, with no opt-out option available to them. Finally, in the DCE with a common
base option, the same option appears in all choice sets. This common base option
could be a status-quo option, a likely situation with no intervention or policy or a stand-
ard product alternative (Aizaki, Nakatani and Sato, 2014).

Furthermore, DCEs can also be sub-classified based on how they are presented to
respondents, in other words, on the type of labelling employed, namely, the labelled
DCE (direct labelling) and the un-labelled (generic) DCE (Aizaki, Nakatani and Sato,
2014; Vass, 2015). As the name implies, labelled DCEs have the names of the alter-
natives presented to respondents to distinguish each alternative in the choice set.
Labelled DCEs can also comprise an alternative-specific attribute (ASA) that refers to
an attribute that is only included in one alternative. In the un-labelled DCE, generic
names are given to each alternative. In the case of the un-labelled design, the ASA is

a generic attribute included in every alternative. Direct labelling is advantageous as it

22 In a similar manner to discrete choice models which can be multinomial choice models (like the conditional logit

model) and binary choice models (such as the binary logit model).
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adds some realism to the choices presented (Kruijshaar et al., 2009). However, this
could also distract respondents' attention from the attributes.

This study uses a multinomial DCE with three options presented to respondents. The
first two options are alternatives that vary based on the level, while the third option is
the status quo option. Furthermore, the DCE uses an un-labelled question format. The
use of the unlabelled format for the different types of homes (Option A, Option B)
allows respondents to focus on the attributes being evaluated (Bliemer, Rose and
Chorus, 2017; Su et al., 2018).

The common base DCE choice format is used in this study with an opt-out alternative
of “status quo — current house” because the forced choice format is not considered
appropriate for a study of this nature (Vass, 2015). The inclusion of this status-quo
option in each choice set also allows for comparing respondents’ stated preferences
with the current situation where generators are allowed (Longo, Markandya and
Petrucci, 2008). Such a comparison is necessary when researchers want to compute
the value (WTP) of each alternative and estimate the unconditional demand for new
products, in this case, the energy trading option (Hanley, Mourato and Wright, 2001;
Longo, Markandya and Petrucci, 2008). The status quo option (Option C in the DCE)
always contained the same attribute values across all the choice cards. The status
guo (or opt-out option) in the DCE was about respondents maintaining their current
homes and using generators for backup energy provision where they do not have the
possibility to engage in energy trading. The inclusion of a generator as the backup
attribute in the opt-out alternative is further justified as the results in Chapter 5 show

a high prevalence of generators among survey respondents.

3.7.2. Steps to ensure a good DCE Design

A good DCE design ensures that the choices presented are relevant and meaningful
to participants, and to do this, the following steps were taken. First, the choice tasks
and attributes were explained to participants using a clear and concise information
sheet written in plain English for ease of understanding. Second, enumerators were

available to explain any unclear aspects of the information sheets. The pilot study also
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helped clarify aspects of the questionnaire that were unclear to participants. Third, the
inclusion of the opt-out status quo option also made the options realistic for respond-
ents, reducing the potential bias from forced-choice options and avoiding overestimat-

ing demand for new products (Lancsar, Fiebig and Hole, 2017; Quaife, 2018).

3.7.3. Pilot Testing of DCE

The DCE was initially piloted with a small sample (9 participants) to determine the
appropriateness of background questions and the choice tasks. The pilot test involved
testing out the DCE with residents in an estate in Ibadan. The pilot study involved
selecting a residential estate with primarily owner-occupied homes. Respondents at
the pilot consisted of households that attended the monthly estate association meeting
at the selected estate. This served the purpose of testing and refining the data collec-
tion approach and developing prior estimates for further refinement of the design.
However, whilst the pilot served the first purpose well, the second purpose was less
successful as the results from the pilot study did not show any meaningful estimates
to inform the use of a more efficient design. Reasons for this include the very small
sample, which in hindsight, should have been larger. Nevertheless, the pilot study was
useful in determining the appropriate representation of the attributes. It also helped to
identify possible issues with the paper-based implementation of the DCE. This stage
was also useful in creating a clear, relatable, relevant and clear choice set that partic-

ipants could understand.

3.7.4. Questionnaire structure

The questionnaire starts by presenting the topic of the survey: people's opinions on
various forms of backup energy as well as questions on the current use of backup
energy. The first and second part of the survey presents questions on respondents’
use patterns, experience, interests and expenditure on both grid electricity and backup
energy. The second part examines residents’ views on pollution and the health risks
of using a generator in their residential estate. Here, respondents are presented with
warm-up questions that examine their knowledge of the benefits and externalities of

using different types of backup energy. The third part examines respondents’ interests
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in energy trading. This part prepares for the hypothetical nature of the DCE to come
in the next, as respondents are introduced to the hypothetical option of trading energy
from solar systems installed in their homes. The fourth section is the central part of
the questionnaire with the four choice experiment questions. Before the DCE ques-
tions, information is provided to describe the hypothetical choice of buying a house in
a new estate.?® The information describes four attributes that define the possible char-
acteristics of the new home in a new estate, with emphasis on the energy character-

istics.

The fifth part of the questionnaire collects the usual socio-demographic characteris-
tics, including age, income, location?*, and gender. Demographic data is useful for
analysing how preference for backup energy is shaped by personal characteristics
and examining the heterogeneity of preferences among respondents. The sixth part
of the questionnaire presented some debriefing questions?® to gather views on how

they found the DCE. An example of the questionnaire is included in Appendix A9.

23 Initial versions of the questionnaire included a statement in this section asking respondents to focus only on the
four attributes we consider and not to think of other elements that might characterize the decision to get a new
home. That is to assume all other characteristics of the home that are not presented (such as safety, or distance
to workplace) to be fixed. Based on supervisory feedback, this statement was omitted from the final version of the
questionnaire due to considerations that it might confuse participants

24 | ocation information relating to where people currently live is collected to determine if preferences are closely
related to where they currently live

25Using a Likert scale.
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Box 1: Example of a choice situation presented to respondents

e Imagine you are buying a house in a new estate.

e The houses vary in terms of the generator types that are allowed

e Some of the estates do not allow petrol/diesel generators; hence there is not
much noise and air pollution

¢ In this estate, you can also buy and sell electricity with people in the estate

¢ In addition to the price of the house itself, you also need to consider the amount
you will pay upfront to buy the backup electricity type you use

e I'm now going to ask you four questions where you select your most preferred

house type.

Figure 3-5: Example of a Choice card presented to study respondents

Attributes of the house Option A Option B Optio atus gquo

Backup Inverter Solar Generator

Pollution Low None Yes

Energy Trading Buying Selling Not available

House price N1OM N10M Same price as your cur-
rent home

Backup price N2M N2M Same price as your cur-
rent generator

“{Igﬁzg::ﬂ;::ggg:g 3) Option A I Option B[O | Option C O

3.7.5. Participant selection and recruitment

The survey and DCE were administered among residents living in housing estates in
Ibadan through a face-to-face survey using the purposive sampling method. Partici-
pants were identified and contacted through emails, telephone calls and letters to es-
tate resident associations within the Ibadan urban area. Interested residents in these
estates were invited to participate in the study and complete the questionnaires during
their monthly estate association meeting. The surveys were administered to estate
residents during such monthly estate association meetings between July — August

2019. A pictorial example of such meeting is available in Figure A-1.
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The data collection was managed in conjunction with UI-LISA, a local statistical labor-
atory and data collection team at the University of Ibadan?6. Research assistants from
UI-LISA were hired as survey enumerators. They were trained to understand the de-
tails and nuances of the survey, with emphasis on the DCE. 1,024 questionnaires
were distributed, and 655 questionnaires were retrieved and coded into spreadsheets,
representing a response rate of 64 per cent. While cleaning the data, six questionnaire
responses were dropped from the dataset used for analysis as they were determined
to be invalid. After this process, 649 questionnaires were valid for analysis, represent-
ing 63 per cent of the original questionnaires distributed. As each individual in the
sample faced four choice situations (each with three options), the final dataset used

for the choice modelling estimation consists of 7,788 observations.

3.8.Data preparation and transformation

3.8.1. Data coding

The questionnaires were coded by trained data entry personnel from UI-LISA using
an earlier provided template in SPSS. Spreadsheets were combined into a single data
file by the UI-LISA coordinator. Coded entries were randomly cross-checked with the
paper copies to ensure accuracy and consistency by the coordinator. | also carried
out similar consistency checks to ensure the data were valid for analysis. Confusing
entries or entries with mistakes in the spreadsheet were adjusted to reflect the actual

responses by respondents.

The entries were coded using the variable-by-case data grid as specified by De Vaus
(2002, p. 2), with each column representing a variable and each row depicting a case.
Every cell contained the response of a case to a specific variable. Numeric codes were

used for ease of statistical analysis over an alternative like alphanumeric codes, with

26 \www.lisaui.com
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some of the questions?” already pre-coded in the questionnaire to improve the accu-
racy of the data entry.

Non-responses were coded using a “dot” to depict that the respondent did not select
any of the options for the specific question. As much as possible, the data entry per-
sonnel coded entries in detail instead of broad coding. This is because, with detailed
coding, it is often possible to collapse entries at a later stage rather than to expand
broad categories to determine finer details after broad coding (De Vaus, 2002). Closed
guestions where respondents could select multiple responses were coded using the

multiple-dichotomy method, creating a separate dummy variable for each response.

3.8.2. Dummy Coding vs Effects coding

As the DCE and categorical questions in the survey were coded using the dummy
coding method, it is important to justify the use of this method. Dummy coding or ef-
fects coding can be used when categorical coding responses to a DCE survey.
Dummy coding, also known as indicator coding, involves coding the reference level
equal to 0, and the presence of a qualitative level is set equal to 1. For example,
suppose there is an attribute with N qualitative levels. In that case, responses can be
transformed into a maximum of N-1 dummy variables in which each dummy is set to
equal 1 when the qualitative level is present and is set equal to O (the reference level)
when not present (Bech and Gyrd-Hansen, 2005). The reference level/category refers
to the omitted dummy variable. It is the category against which other dummy variables

are compared (Hutcheson and Sofroniou, 1999, p. 86).

On the other hand, effects coding is an alternative to dummy coding, whereby the
effects are not correlated with the intercept. Just like dummy coding, N-1 dummy var-
iables are created; however, the reference level is set equal to -1 instead of 0. In this
case, the comparison is between each dummy variable category and the average

value of responses to that variable. Effects coding, also known as deviation coding,

27 Questions in the questionnaire that used a Likert scale were pre-coded from 1-5 using the example provided in

De Vaus (2002, p. 4)
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is particularly useful to compare each dummy variable to the group average or when
an analyst does not want to compare each dummy variable against a reference cate-
gory. The key difference between the two forms of coding is the treatment of the ref-

erence level.

Whilst dummy coding has the advantage of being useful for comparing levels to a
reference level, some authors (Bech and Gyrd-Hansen, 2005; Hensher, Rose and
Greene, 2015) within the DCE literature argue that effects coding has an advantage
over dummy coding as the latter could lead to regressors being correlated with the
intercept term (in DCE, this is normally the alternative specific constant (ASC)), lead-
ing to wrong interpretation of the intercept. Alternatively, Daly et al. (2016) demon-
strate that both forms of coding are theoretically equivalent and parameter values from
a model employing one coding form can be transformed (post-estimation) to those
from another one. Daly et al. argue that the confounding between dummy-coded ASCs
and dummy-coded categorical variables does not really matter; rather, what matters
is the difference across a level of given attributes and the comparison of those differ-
ences, not the type of coding employed. In sum, it can be concluded that both dummy
and effects coding are equivalent as the type of dummy coding used does not affect
the overall model fit. The key difference is in interpreting the statistically significant
constant term and the distribution of differences between the dummy variables.

The support.CES package in R used to create the DCE design matrix in this study
employs dummy coding instead of effects coding. To this end, the responses to the
DCE in this study were dummy coded. However, it is noted that the alternative form
of coding, effects coding, could have also been employed, but as stated earlier, Daly
et al. (2016) point out that parameter estimates from dummy coding can easily be
converted to that of effects coding.

3.8.3. Dealing with Double entries and missing data

In research surveys, missing values occur for various reasons, such as respondents
not answering the questions, providing illegible answers, ambiguous answers, or

when they are not required to answer the question (De Vaus, 2002, p. 64). Including
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these entries in the dataset used for analysis pose challenges as it can confuse real
responses with non-responses, distort results, spoil the ordinal or interval character of
a variable, and distort summary statistics and scale scores. Alternatively, excluding
missing cases may also result in distorted samples and patterns, as the cases without
responses may differ from cases with valid values. It can also result in the reduction

of a sample size to a level that would affect the precision of estimates.

To deal with missing data, the first step employed was to determine the amount of
missing data in the sample, with checks on the missing values on individual variables
and the cumulative loss of cases across the sets of variables. This check revealed
that in the dataset, the average number of missing values for individual variables was
18, representing 3 per cent of the responses to the respective questions. This means
that most of the variables had a very low number of missing values. However, there
were a few outliers, with seven variables having more than 60 missing entries. When
these outliers were excluded, the mean number of missing values dropped to 16, rep-
resenting 2 per cent of responses to the questions.

The DCE section had the most cases of missing data, as the variables with the four
highest numbers of missing entries were all from this section. Likely reasons for this
include the complexity of the DCE questions, as the debriefing section at the end of
the questionnaire showed that it was the section that most respondents found difficult
to understand. Other steps taken to deal with missing data include checking for miss-
ing values bias. The top four ranked questions in the survey with missing entries were
the following: Question 39: N=113 (17.4 per cent), Question 38: N=108 (16.6 per cent),
Question 37: N=104 (16.0 per cent), Question 36: N=88 (13.6 per cent). These four
guestions were the choice sets presented to respondents. Beyond these questions,
the only other variable which had missing values above 10 per cent in the survey was
Question 5, which asked if respondents had ever turned their generators due to con-
cerns about the exhaust fumes, to which 13.4 per cent of respondents did not answer.
However, this question was not included in the empirical analysis as a large proportion

of respondents (63.3 per cent) had not turned off their generators for this reason.
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Overall, the missing data checks signalled the relatively low number of missing entries
in the dataset. Nevertheless, a decision had to be made to include or exclude these
missing entries from the dataset. Three broad options were considered for dealing
with missing data in this study. The first option was to drop variables with large cases
of missing data outrightly; however, this was not chosen for any variable due to the

relatively low number of missing entries, as discussed earlier.

The second option was to impute a value to replace the missing values through any
of the following approaches: the series-mean approach, group-means approach, lin-
ear interpolation approach or the expectation-minimization approach, as discussed in
De Vaus (2002, pp. 68-69). This option was not implemented to preserve the original
values from the dataset. The third option - which was chosen - is to drop any specific
case with a missing value on the variables used for analysis. Since the missing varia-
bles for the DCE questions were already above 10 per cent, the pairwise deletion
approach was chosen over the list-wise deletion approach, as choosing the latter
would have dropped too many cases from the analysis, which would have compro-
mised the analysis. However, using the pairwise approach was carefully implemented
as a multivariate analysis requires care in ensuring that the missing data is distributed
randomly (De Vaus, 2002, p. 67).

3.8.4. Transforming the questionnaire data into choice data

The spreadsheet containing the SPSS-coded questionnaire was imported into the R
software (R Development Core Team, 2019) and converted into a dataset useful for
choice analysis using the support.CES package by Aizaki (2015). The data was trans-
formed into a long format whereby each respondent had 12 entries representing the

four choice sets with three alternatives. As a result, this new dataset had 7,788 entries

A strata variable was created to identify each combination of respondent and question.
A new variable called RES was created, which served as the dependent variable used
to indicate choice among the alternatives in the choice set. RES is a logical variable
that is set to TRUE (or 1) when the alternative is selected and FALSE (or 0) when the
alternative is not selected. ASC, the variable representing the alternative specific
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constant, was also created. This ASC variable captures the mean of the error term for
the utility of an alternative in a choice model and is used in conditional and mixed logit
models. The alternative invariant or alternative specific regressors vary between the
individual and the alternative. For example, prices for the products vary for each prod-

uct, and individuals may also pay different prices.
3.9. Empirical Analysis Hypothesis and Methods

3.9.1. Hypothesis

The following hypotheses are tested through the DCE analysis as contained in Section
5.2:

H}: Householders would not prefer to dwell in homes within clean, quiet resi-
dential estates that use solar PV for backup electricity and are not willing to pay
for this

HZ: Individual characteristics have no effect on the preferences outlined in H}

H$: Participants are not interested in participating in energy trading within a

community setting.

H} addresses the preferences and willingness of respondents to dwell in a home
within clean, quiet residential estates that use solar PV for backup. Rejection of this
hypothesis suggests that individuals might be motivated to dwell in homes within
clean, quiet residential estates that use cleaner alternatives to generators, in this case,

solar PV, for backup electricity and are willing to pay for this.

HZ addresses the role of individuals characteristics on the preferences outlined in HZ.
The main thrust of this hypothesis is to test if individual characteristics have any effect
on the preferences outlined in H}. Rejection of this hypothesis would show that pref-
erences to dwell in homes within such clean and quiet homes are heterogenous and

not the same among all respondents.
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H addresses preferences among respondents to participate in energy trading: The
rejection of this hypotheses implies respondents are interested in participating in P2P

energy trading.

3.9.2. Modelling approach

The analysis commences with a descriptive analysis of respondent characteristics.
This includes a summary of demographic data collected. Relevant cross-tabulations
of some responses to questions across the sample population also provide contextual
information about study participants. Though the literature outlines different ways to
analyse DCE data, it is advised to start with a simple Multinomial Logit Model (MNL),
which assumes the independence of irrelevant alternatives (11A) and then gradually
introduce other model specifications (Aizaki, Nakatani and Sato, 2014; Hensher, Rose
and Greene, 2015). This IIA restriction of the MNL specifies that the odds of the prob-
ability of choosing one class (set of alternatives) over another are independent of the
broader set of alternatives in the choice set. As this assumption is unrealistic in prac-
tice, this study primarily employs choice models that relax IIA and other assumptions
of the MNL and allow the model coefficients to vary over individuals by including sto-

chastic components.

Specifically, the models employed to analyse the choice data generated in this study
are the Mixed Logit Model (MXL) and the Latent Class Logit (LCL) Models described
in sub-sections 3.9.3 and 3.9.4. The use of these models allows for robust investiga-
tion of preferences and allows for analysis of heterogeneity in the data (Franke and
Nadler, 2019). The MXL and LCL are used primarily because they both overcome
shortcomings of the MNL, as outlined above. The MXL has modelling benefits in that
it exhibits neither the IIA property nor the restrictive substitution patterns of the MNL
model (Wittink, 2011). Furthermore, even though the MXL is fully parametric, it is an
information-rich model that can provide a large range to specify the individual and

unobserved heterogeneity (Hensher, Rose and Greene, 2015).

The LCL is used to further examine the degree of heterogeneity among observations
in the DCE. The underlying theory of the LCL model presumes that individual choice
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behaviour depends on the observable attributes and on latent heterogeneity that var-
ies with the unobserved factors (Hensher, Rose and Greene, 2005). Given that the
choice data in this study is in a panel or repeated form, the use of both models is also
justified as the LCL also allows the harvesting of a rich variety of information on be-

haviour from a panel or repeated measures data set (Wittink, 2011).

Comparisons of both models in the literature reveal the benefits of using both models.
For example, Greene and Hensher (2003). compared the MXL model and the LCL
model with an application in the transport sector. They concluded neither of the mod-
els is unambiguously preferred to the other. The LCL model has the advantage that it
is a semi-parametric specification, with the benefit of freeing the researcher from pos-
sibly strong or unwarranted distributional assumptions about individual heterogeneity
(Greene and Hensher, 2013; Champ, Boyle and Brown, 2017). From a practitioner’s
perspective, a comparison of both models by parameters Sagebiel (2017). reveals
that the MXL is more complex, and the estimation process demands computational
time and deep model understanding. Sagebiel also states that the flexibility of the MXL
can prove problematic in identifying the correct specification, unlike the LCL, where
the selection of the optimal number of classes is relatively straightforward. The MXL
and LCL models are described in detail in the next section. Results are subjected to
relevant tests to ensure robustness, including the traditional measures of fit, predic-
tions and statistical tests. The analysis is carried out using Stata 16 (Stata Press,
2019) using Stata 16’s inbuilt Choice Modelling functionality and user-written com-
mand Iclogit2 (Yoo, 2019).

3.9.3. Mixed Logit (MXL) model

The MXL model (also known as the Random Parameters Logit - RPL Model or the
Mixed/Heterogenous MNL model) is a very flexible model that can approximate any
RUT (McFadden and Train, 2000). MXL assumes that preferences vary across indi-
viduals but not across the choices of the same respondent. It bypasses the limitations
of the multinomial logit model by allowing for random taste variation, unrestricted pat-

terns and correlation in unobserved factors over time. To relax the I1A assumption and
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allow examination of unobserved preference heterogeneity, the parameters in the
Mixed Logit model can vary randomly among participants.

When estimating the MXL model, the random parameters need to be specified, and
the effect that a specified parameter will have on the chosen alternative will vary
across the respondents in the sample. The MXL model applies a clustered specifica-
tion to allow for repeated choices for every respondent. Therefore, each respondent
has multiple responses in the dataset used for analysis. The model produces random
parameter coefficients for both the regressor and its standard deviation. The interpre-
tation of the coefficients is such that an increase in the independent variable will mean
that respondents are more or less likely to choose the alternative. The standard devi-
ation of a regressor allows the determination of the heterogeneity across individuals
concerning the effect of the independent variable on the selected alternative. The MXL

probabilities are the integrals of the logit probabilities over a density of parameters.

Pin = [ Lin(B)f(B) dB, e (1)

e Where L;,is the logit probability evaluated at the parameters

e And f(B) is a density function.

If the utility is linear in 8, then;

Vin(B) = B'xi, .. (2)

Hence the MXL probability then takes its usual form

Pin = J l efﬁ’jnl f(B)dB . (3)

Zj
The MXL model used is jointly estimated on four panels of stated choice datasets that
correspond to each of the four times the respondents’ choices were evaluated. The
model is a mixed logit model that allows accounting for panel correlation among
choices from the same respondent in the choice dataset (Noel et al., 2019). The joint

estimation of the model allows controlling for scale differences between the four
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datasets and, therefore, also for direct comparison of individual preferences across
the four periods of evaluation

In the discrete choice model, respondents choose one of the three options offered in
the choice experiment (two can be categorized as “clean and quiet” and one status
guo option). Using the respondents who preferred the status quo as the opt-out alter-
native and letting the respondents’ choice depend on the choice attributes in the ex-

periment, the utility is described by the function
Utins = H(ASClt + Bt;lxins + utin + gtins)' (4)

Utons = Q(HtOn + StOns)-

Where;

e Ut;, is the utility that each respondent n from time t associates to alternative
I, in the choice scenario s

e X;,s IS the observed attribute vector and;

e f, is a vector of individual-specific taste coefficients with a mixing distribution
of f(B|6); and 6 denotes the parameters of this distribution (the mean and co-
variance of f);

e ASC; are the alternative specific constants.

e ut;, are error components, normally distributed (with mean zero and standard
deviation ot;, across individuals.

e c¢t;ys denotes the unobserved error term, which is assumed to be Gumbel-dis-
tributed.

The choice probabilities are now given as
P = [Ln(B®fBIO)d ®)
Since, L;, is the logit probability, which is given by the expression,

B'x;
LnB) ==——. . (6)
Z' eB'xin
j=1
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Hence the choice probability can be fully expressed as;

Pu=J ﬁ(ﬁ)f(me) ap e (D)

The probabilities are approximated through simulation for any given value of the pa-
rameters in the model. The log-likelihood is maximised using the maximum simulated

likelihood estimator methods as described by Train (2003) as follows;
SLL= YN, %)_ dpylnPy L (8)

In the case of repeated choices, a sequence of alternatives can be considered, with

one for each time period where i = [iq, ..., ir].

The probability that the decision-maker would make a sequence of choices is given

by the product of the logit formula conditional on g (Wittink, 2011).

efrin ©)

[Z eB'xin

The unconditional probability is the integral of this product's overall values of g and is

Lin(,g) =

given by

P =[Ln(B)fBIOYAB (10)

The mixing distribution of parameters 6 and the vector g in the MXL model can be
specified with a continuous parametric distribution like the log-normal, normal or trian-
gular distributions (McFadden and Train, 2000; Tu, Abildtrup and Garcia, 2016). Sim-
ilar to the case of one choice period, the probability is simulated using the maximum

simulated likelihood estimator.

3.9.4. Latent Class Logit (LCL) Model

Several studies have applied the LCL model to examine the degree of heterogeneity

among observations in DCEs, (Boxall and Adamowicz, 2002; Shen and Saijo, 2009;
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Sagebiel and Rommel, 2014; Van Rijnsoever, Van Mossel and Broecks, 2015;
Rommel, Sagebiel and Muller, 2016; Sagebiel, 2017; Matyas, 2020; Zha et al., 2020).
In the LCL model, preference heterogeneity arises from varying classes, with each
class having its own parameters (Sagebiel, 2017). In consistency with (Wittink, 2011),

mixed logit (MXL) choice probability can be specified as:
eB,xin
pin = |=—=| F(B) dB e (1)
Eje jn

According to (McFadden and Train, 2000), the LCL is simply when the mixing distri-
bution in the MXL model described above has finite support. This means f(f) is spec-
ified as discrete instead of being continuous, with # having a finite set of distinct values
(Wittink, 2011). In the LCL, B assumes M possible values which are labelled as
by,... , by with probability s,, that § = by,.

The MXL model is characterized by its capacity to accommodate unobserved prefer-
ence heterogeneity as a continuous function of the utility parameters, while the LCL
estimates preference heterogeneity with respect to differentiated classes with specific
parameters (Sagebiel, 2017). The LCL model relaxes the requirements that the re-
searcher make specific assumptions about the continuous distribution of parameters

across each decision-maker (Wittink, 2011)

To examine the degree of heterogeneity among individuals, this study employs the
latent class model, which assumes that the population consists of a number of latent
classes S, which captures the unobserved heterogeneity among individuals by esti-

mating a different parameter vector in the corresponding utility function.

This could yield the probability in an individual class, s (Zha et al., 2020).

exp(usBiX;q)
e 2)
. exp(ushiXyq)

Piq|s =

X in the relationship defined in Eq. (2) is a vector of variables that is related to alter-
native attributes. Drawing from Boxall and Adamowicz (2002), and Shen and Saijo,

(2009), the probability of individual g being in class S (H,) can be expressed as:
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exp(arsZq)

— st
Z exp(ar(Zy)
s=1

Hys =
In this case, «a is a scale parameter, which is always set to 0; A; is the parameter
vectors in class s, and Z, represents the individual characteristics (e.g. age, sex, ed-
ucation, awareness, income). When conditional choice Eg. (2) is combined with Eq.

(3), the unconditional probability of respondent g choosing i is

exp(usBsXjq) 9 exp(ariZg) )

s
— § — V'S
Piq|s - Piq|s X Hqs — Ls=1 j , S ,
s=1 Z 1exp(usBSqu) 25—1 exp(adgZg)
j= =

Ina LCL model, u; and a are set at 1, and it is possible to estimate P;, from the choice

experiment (Boxall and Adamowicz, 2002). The maximum likelihood method can be
applied to estimate parameter vectors B¢ and A;. Then, it is possible to test the effect

of the variables on respondents' choices (Zha et al., 2020).

To estimate a LCL model, the class S should be known (Zha et al., 2020). There are
no foundational theories on the number of classes to be chosen by the investigator
(Sagebiel, 2017). Common Measures of fit, like the AIC and BIC, are used to identify

the optimal number of classes. The measures are defined as follows:

AlC = —2(logLt—K) L (5)

BIC = —loglL; + (KslogN) /2 .. (6)

Here, N is the size of the sample, and the number of parameters of s class is K, and

log L} refers to the log-likelihood of the model.

3.9.5. Reliability and Validity Issues

Reliability and validity are very important criteria that can be used to establish and
assess the quality of research done using quantitative methods. Reliability refers to
the degree of reproducibility of the results, while validity refers to the degree to which
the method is truly measuring what the researcher intended it to (Freeman, 2003).

Reliable survey data is one that ensures dependable and consistent responses from
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participants. To ensure the reliability of the data collected in this study, internal con-
sistency methods are employed. Specifically, the Cronbach alpha test of reliability is
used to check for consistency in the DCE questions with multiple response categories.
The Cronbach alpha test is used as it is the most suitable and provides the most thor-
ough analysis of patterns of internal consistency (De Vaus, 2002, p. 21). This is also
more suitable for alternative methods such as the test-retest method, parallel forms
method, or split-half correlations. A Cronbach alpha of 0.7 is normally considered to
indicate a reliable set of items. The DCE questions in this study had an alpha of 0.71,
as seen in Table 3-3 below demonstrating reliability and internal consistency of the
responses to the questions?®. The section of the questionnaire with the highest alpha
was the section where respondents were asked about their interest in energy trading
which had an alpha of 0.92 suggesting relatively high consistency in the responses of

participants.

Table 3-3: Questionnaire Reliability Estimates

DCE Reliability Statistics Section B - Reliability Statistics
Cronbach's Cronbach's
Alpha Based Alpha Based
Cronbach's on Standard- Questions Cronbach's on Standard- Questions
Alpha ized ltems  (N) Alpha ized ltems  (N)
712 710 4 .918 .920 10

Validity in social survey data means ensuring that the data collected adequately
measures the concept(s) that an analyst is trying to measure. A valid measure is one
that is “on target”, as it would always “hit the bull's eye” (Trochim, 2000, cited in De
Vaus, 2002). Validity in quantitative survey data is typically measured using Internal
and external validity methods. Whilst De Vaus (2002) simply classifies validity as com-
prising criterion, construct, content, convergent and discriminant methods,

Rakotonarivo et al. (2016) further classify these into external and internal validity.

28 Furthermore, the Kuder-Richardson reliability coefficient the same as the Cronbach alpha test is also employed

for dichotomous responses with simple yes/no categories.
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Rakotonarivo et al. (2016) classify external validity as consisting of criterion and con-
vergent methods, whilst internal validity comprises theoretical and content validity.

Criterion Validity compares a question’s responses to those from an established
measure, with a high correlation between both responses demonstrating validity in the
new measure. Some challenges with this method involve the inherent assumption that
the criterion measured is valid and the lack of a well-established criterion against
which to check the new measure. Construct validity deals with how the measures be-
have, in line with a theoretical understanding of the concepts they were designed to
measure. Convergent and discriminant validity are subtypes of construct validity that
rely on having numerous measures of a concept instead of a single measure. Content
validity refers to checking the extent to which the measure captures various elements
of the concept being named. This form of validity includes the use of debriefing tech-
niques such as qualitative questions, interviews or focus groups to assess both the
axioms and respondents’ perception, comprehension and responses to the survey.
This expression of their comprehension can be in a stated or rated form. To address
this, the survey included debriefing questions as outlined in Section 3.7.4. Findings
from the debriefing questions in the survey (see Section F of Appendix A9.) are pre-

sented in Figure 3-6 below.

Figure 3-6: Results of Survey Debriefing Questions

The questions were too long for me | found the questionnaire interesting The questions were unrealistic/not credible

Dlsagree “

Disagree Disagree

Somewhat disagree Somewhat disagree Somewhat disagree

Not sure Not sure Not sure

Somewhat agres “

Somewhat agree 7

Agree

Agree

The questions were very difficult to understand I found the questionnaire to be very educational

Disagree “ E

Disagree

Somewhat disagree Somewhat disagree

Not sure Not sure

Somewhat agree Somewhat agree

Agree n Agree

Source: Field survey (Section F)
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In response to the question on the length of the survey, more than half of the respond-
ents (55 per cent) felt the questionnaire was too long for them, with about 39 per cent
holding the view that the questionnaire was not too long for them. There was wide-
spread interest in the questionnaire among respondents, as about 84 per cent of re-
spondents found the questionnaire to be interesting. Similarly, a high proportion of the
respondents found the questionnaire to be realistic and credible, with 78 per cent of
respondents disagreeing or somewhat disagreeing with the statement “the questions
were unrealistic/ not credible”. The respondents also broadly comprehended the re-
sponses to the questionnaire, as the majority of respondents (80 per cent) did not find
the questionnaire difficult to understand. Finally, the questionnaire was also seen to
be very informative for respondents, with 80 per cent of respondents finding the ques-
tionnaire to be very educational. These findings give some comfort regarding the re-

spondents’ overall comprehension of the questionnaire.

3.10. Survey Ethical considerations

The survey received ethical approval by UCL's Research Ethics Committee (Approval
Number: Z6364106/2019/05/114 social research). Participants were allowed to read
an information sheet written in plain English outlining study details before partaking in
the survey. They were also informed about the voluntary nature of participation, as-
sured confidentiality of their responses and the steps to protect their data in accord-
ance with relevant data protection legislation. Voluntary consent was sought, and in-
terested participants completed a signed informed consent form. The participants
were allowed to withdraw from the study at any time without giving a reason. The
participant information sheet and informed consent form are provided in Appendix A7
and A8.

3.11. Conclusion
This chapter has outlined the mixed methods research design adopted in this study to
answer the research questions. The chapter outlined the pragmatic research para-
digm employed and a detailed explanation of the qualitative and quantitative methods
employed. It discussed the main analysis phases, including thematic analysis used in
the qualitative phase and discrete choice modelling of preferences employed in the

guantitative phase.
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4. CHAPTER 4: BACKUP ENERGY ATTRIBUTES IN MULTI-
OCCUPANT HOMES IN A NIGERIAN URBAN CITY: AN
EXPLORATORY INVESTIGATION

Chapter Overview
The previous chapters have discussed the study rationale, questions, literature review
and methods. The literature review in Section 2.1.3 demonstrated how previous work
on the preferences of individuals to adopt solar PV had given little attention to the
nuances of solar PV adoption as a form of backup electricity among end-users. This
chapter presents results from the qualitative analysis highlighting how it influences the
design of the subsequent quantitative analysis.

4.1.Introduction
Energy plays a crucial role in the functioning of residential households. It is used to
power appliances, lighting, and other essential household functions. As such, it is im-
portant to consider the various attributes of energy in order to make informed deci-
sions about energy usage in the home. This chapter explores some of the important
attributes to consider for households regarding backup energy provision in residential
households. By understanding these attributes, households can work towards more
sustainable and efficient energy usage and contribute to a cleaner and more environ-

mentally friendly future.

This chapter, which is mainly exploratory in nature, showcases insights from discus-
sions with real estate agents as described in Chapter 2. The main reason why the
interviews were sought with the real estate agents was to gain insights into backup
energy usage in residential homes. This clarity was important given the way in which
the transition to renewable energy is typically framed from a developed country per-
spective. That is, in the developed world, the emphasis is on the transition to cleaner
energy options, mostly for the grid. In the case of home systems, the emphasis is for
individuals to save on energy costs (Child et al., 2019; Lowitzsch, Hoicka and van
Tulder, 2020). For industry, the focus is to improve their sustainability profile

((Ikédheimo et al., 2018; Kakoulaki et al., 2021). However, in places where grid-based
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electricity supply is unreliable and largely unstable, it might be the case that framing
might not exactly work.

Perhaps, this existing way of framing the transition to renewable energy might not hold
in such contexts, as people might prefer to get electricity from whatever means they
can easily get (Olanrewaju et al., 2019; Adenle, 2020). To make the transition to re-
newable energy among residential users of energy in these contexts, another compo-
nent, in addition to technical, economic, and social factors can be the way renewable
energy options are presented to people. In essence, to frame the transition as some-
thing that provides benefits to the individuals other than costs, technical efficiency or
improves social interaction. Rather this can be framed as something that provides
value to the local environment in addition to all these aforementioned benefits (Sundt
and Rehdanz, 2015c; Ulsrud et al., 2015; Brummer, 2018; Carley and Konisky, 2020;
Lee et al., 2020). This value is specifically referring to local environmental benefits

resulting from clean air and reduced noise pollution.

This study examines preferences for dwelling in homes in clean and quiet residential
estates in Nigeria. In determining the scope of the study and to properly understand
the local context, it was important to initially outline specific attributes that residents in
Nigeria look out for when deciding on a new home. As such, the exploratory qualitative
study was conducted as outlined in section 3.4. This phase was also important in
narrowing the focus of the research. Specifically, semi-structured interviews were con-
ducted with various real estate agents in Nigeria. This phase of the research investi-
gated the perceptions and experiences of real estate agents regarding backup energy
usage in blocks of flats and rental buildings. These interviews also served to under-
stand the manner in which backup energy is framed when residents are discussing
the decision to rent a home. In addition to this, an interview was also conducted with
the representative of a solar energy company in Nigeria to understand their experi-
ence of the adoption of solar PV installations in blocks of flats and urban multi-occu-
pant buildings in Nigeria. The rest of this chapter contains the chapter objectives, re-

sults and a conclusion.
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4.2.Chapter Objectives

The specific objectives of this chapter are to:
e |dentify attributes that residents look out for when deciding on a new home.

e Investigate perceptions and experiences of real estate agents regarding their
backup energy provision in residential estates.

4.3.Results
From the expert interviews, five main themes emerged regarding the attributes that

residents seek when renting a home, as summarized below.

e Home Ownership Aspiration: Home ownership is one of the aspirations of

Nigerians and can be categorised based on three socioeconomic categories.

e Home Attributes: Two key attributes that residents seek when deciding on a
new home are electricity and water availability. Despite the understanding that
the electricity supply is not constant, potential clients still ask about the elec-

tricity availability when enquiring about a new home.

e Backup Energy Provision: Backup electricity is usually provided by residents

and not landlords in rental buildings
e Residents and not landlords primarily drive solar energy adoption.

e Interestin living in clean and quiet areas: Middle and high-income residents
value living in clean and quiet areas, while low-income households might not
prioritise this. Some high-income households might also be willing to pay more

to have reliable, clean and quiet backup electricity.

4.3.1. Home Ownership Aspiration

The findings from the exploratory interviews exemplified the notion that home owner-
ship is one of the aspirations of Nigerians. Furthermore, there are various reasons
why people want to own a home. This homeownership aspiration can be categorised

based on three socioeconomic categories. In the lower socioeconomic strata of
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society, such people want to own a home to feel emancipated from the pressures of
dealing with landlords?®. They prefer to live in such homes, even if there are few amen-
ities and facilities, or in ramshackle high-density neighbourhoods in semi-urban Iba-
dan. Such people are simply pleased to have a home they can call their own and might

not be bothered by noise and air pollution.

Comment Respondent

“If you study Ibadan very well, those low-income earners... they | Agent Chike
have houses in Ibadan, they are the ones you see in different
settlements, they love to own their house.... It might not be
something fantastic, but they want to have a roof over them...
They just manage something. They might not be in the (town)

centre. They will just buy land and then gradually start building.”

The next category of people within the middle-income strata of society wants to own
homes that make them comfortable. Such people might consider buying homes or
purchasing land to build their homes in upmarket locations. They will want their homes

to be comfortable and have good facilities and amenities.

At the other end of the spectrum, the interviews revealed that individuals in the high-
income strata want to own a status home as a showcase and symbol of their wealth.
Such palatial homes are usually in high-end estates and have top-notch facilities and
amenities. The interviews revealed that such people would prefer to live in clean, less
polluted neighbourhoods. The discussions also indicated a preference for dwelling in
areas without noisy and air-polluting generators. Hence, it was appropriate for the
choice experiment to present choices based on home ownership instead of renting

because of Nigerians' aspirations regarding home ownership. Furthermore, as these

29 In Yoruba, one of the local dialects in Nigeria, and the prevalent dialect in South West Nigeria, this is commonly
dubbed as “ki onile ma le mi” which is translated in English as “so that the Landlord doesn’t keep disturbing me”.
30 Which is synonymous with conspicuous consumption as depicted by Veblen to describe ostentatious

consumption of expensive goods and services as a public display of wealth (Veblen, 2007).
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exploratory interviews revealed that those in high-density neighbourhoods might not
prioritize the clean and quiet benefits, the quantitative phase primarily focused on res-

idents in residential estates.

Comments Respondent

“‘Because it is given that the high-income areas (neighbour- | Agent Deji
hoods) are quiet as well as the middle-density areas... by asking
for low-density areas, such people are already expressing their
desire to live in more quiet neighbourhoods without necessarily

verbalising this when making their decisions.”

Some of them mention that they want quiet places like Jericho, | Agent Bayo
which is serene and there is light (utility/publicly provided elec-

tricity), there is less pollution through generators

Home Attributes

The interviews revealed that various attributes that residents seek when looking for a
new home include location, security, accessibility, age of the building, types of amen-
ities, facilities and finishing in the house. Other attributes include price, electricity and
water availability in the house. However, these last two attributes of electricity and

water availability appear to be key attributes that residents seek.

Comments Respondent

“Basically clients... require electricity and water. Anybody look- | Agent Chike
ing for a house must be sure there is electricity and water sup-
ply. Those are the two basic ones that people always ask for no

matter where it is.”

Focusing on electricity supply, which is essential in this study, even though it emerged
as a key attribute that residents ask for, most estate agents recognise that electricity

109



supply is not constant in the city and the country. They also pointed out that despite
this common understanding, their clients still request to live in places where there is
relatively stable electricity availability. The estate agents indicated that they cautiously
advise residential clients on locations with fairly regular electricity supply. This sug-
gests that even though there is a general acceptance that grid-based electricity is not
constant, there is interest in living in places where the electricity supply is reliable. This
interest in electricity reliability also formed the basis for exploring the role of electricity

reliability in the P2P energy trading study, as outlined in Section 6.4.1.2.

Comments Respondent

“They (clients) want a good area where the light is stable. But | Agent Enitan

generally, light is not stable anywhere.”

“When they (clients) ask for the power availability, most times, | Agent Bayo
we tell them (about it), and most times we tell them that we are
not NEPA. .3

Furthermore, the estate agents revealed that some residents are also aware of parts
of the city with relatively stable electricity supply. They make specific requests to the
agents to get them homes in such places. Some of the locations they highlighted in-
clude Jericho estate, Oluyole estate, Elebu estate, Ring Road and the GRAs (Gov-
ernment Reserved Areas)®2. The respondents also indicated that high-income house-

holds tend to prefer living in these GRAs.

31 This refers to the former state-owned national utility and is a term synonymous with erratic grid electricity supply
in Nigeria.

32 The respondent explained that “the GRAs are places where government will build and allocate. Originally these
were to be built and given to the civil servants (which were the middle-class people then) before other individuals

started coming in”.
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Comments Respondent

“Some of them even know (places where there’s relatively sta- | Agent Bayo
ble electricity supply); they tell you this is the one (place) they

want.”

It was also evident from the interviews that residents were typically keen to find out
about the state of the electricity connection in the flats, including ensuring that there
was no previous debt still accruing on the meter by previous respondents.

Comments Respondent

“They want to be sure that it is free (no prior debt on the meter | Agent Chike
by previous occupants) and whatever the NEPA (National Elec-

tricity Power Authority) brings is what they pay for.”

4.3.2. Backup Energy Provision

Another finding from the interviews was that presently backup electricity is usually
provided by tenants and not landlords. Landlords are typically only responsible for
providing the proper utility electricity connection and wiring. Tenants use their backup
systems, such as diesel or petrol generators, inverters and batteries, or solar systems.
There are instances where landlords provide backup energy; however, this is primarily
the case in serviced apartments usually taken up by people “in transit” in the city, such
as expatriates or people who come for short-term work. These serviced apartments
are a typical instance where high-income earners are renting. In these serviced apart-
ments, the expectation is that the landlords provide backup electricity. A service
charge is typically taken in addition to the rent to offset the costs of providing backup

electricity.
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Drawing on this, since this research focused on the preferences of homeowners, the
choice experiment did not present the choice of homes in such serviced apartments.
Instead, respondents were presented with the choice of living in housing estates
where residents provide backup energy by themselves. Whilst the DCE survey did not
ask questions on dwelling ownership in hindsight, the collection of this data would
have been an important validity check to determine the appropriateness of focusing
on estates with primarily home ownership. Such data would have also been useful in

identifying any differences in preferences between homeowners and renters.

Comments Respondent

“Some tenants ask for backup energy provision; however, the | Agent Bayo
tenants are mostly responsible for providing their own backup
energy. However, if they want to install their backup options like

solar, then they must inform the landlords about it.”

“Certainly, it (backup energy) is always through generators, and | Agent Deji
they (residents) bring in their generators. Very few properties
have (existing) generators in place for residential multi-tenanted

homes.”

“Majority of the people providing backup electricity are the ten- | Agent Akin

ants themselves”

Another finding on backup energy provision was adaptations to energy usage in con-
texts where publicly available electricity supply is erratic. This is particularly important
because electricity is not an end, but a means to an end. In this case, this is to meet

thermal comfort needs etc.
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Comments Respondent

“The only thing it (backup solar PV) does not power is the air | Agent Akin
conditioners because we have all the air conditioners in the
rooms, and they cannot put all the air conditioners on. It will just
drain the batteries. It powers the lights... but is not used to pump

water.”

4.3.3. Residents and not landlords primarily drive solar energy adoption.

The real estate agents also expressed that landlords might not be keen on providing
clean and quiet backup electricity, such as through solar home systems. A reason put
forward was the perception that the financial benefits landlords might derive from re-
ceiving higher rents might not be “worth the stress” of deploying such systems. An-
other likely reason might be these systems' perception of relatively high initial costs
and challenges with accessing credit. Another reason why the landlords might not be
keen on providing backup electricity through clean sources such as solar might be the
split incentive. This split incentive arises whereby landlords might not reap the direct

benefits of using the technology.

Comments Respondent

“Actually, this issue of cleaner and backup energy, people come | Agent Deji
in with their own. That is what we have experienced so far. Be-
cause no landlord is willing to go into that, it is quite enormous

(costly) for them to go into that.”

“The initial capital outlay is much, and if you look at whatever | Agent Deji
higher income the landlord hopes to get, the difference is not

worth it.”
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Furthermore, based on the discussions with the solar company, it was evident that
most homeowners or residents install solar PV in their homes rather than landlords
doing so for tenants' use. When solar PV was installed in rented apartments, it was
purchased mainly by tenants themselves rather than the landlords installing the
backup solar PV for tenants. The direct beneficiary of the system was seen to be the
essential decision-makers regarding adopting solar PV.

Comments Respondent

“It is very rare (landlords providing solar PV) ... but we rarely | Agent Ige
have landlords coming to get it (solar PV) for their tenants; they
most times get it for themselves... It's mostly the people renting
homes themselves... And the landlord’s installing it for their

(own) houses.”

Other reasons put forward for the lack of interest by landlords in providing backup
electricity through clean energy sources like solar include a lack of trust in the quality
of the solar systems. As outlined earlier, landlords do not typically provide backup
electricity for their tenants. Respondents provided some suggestions that might make
it attractive for landlords to provide clean and quiet backup electricity as an additional
service to the tenant. These include reductions in costs of solar systems, alongside
the availability of experienced installers, availability of after-sales services, product

standardisation, and other incentives for uptake.

Comment Respondent

“This will be very attractive to the clients (landlords), and this will | Agent Enitan
put them in a better position to provide backup energy as an
additional service to the rent. As the way things are, it is not

exactly attractive for tenants and even landlords themselves”
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4.3.4. Living in Clean and Quiet Areas

The interviews also revealed that middle and high-income residents value living in
clean and quiet areas. These high-income households might also be willing to pay
more to have reliable, clean and quiet backup electricity. For those renting, they indi-
cated that they might be prepared to pay service charges in addition to their rent. In
some instances, agents noted that clients often specifically asked for “quiet” environ-
ments, which also meant they preferred environments without noise pollution, such as
generators. This finding informed the design of the DCE, which examined homeown-
ers’ preferences to dwell in estates where backup generation is from a clean and quiet

source such as solar PV instead of generators.

Comments Respondent

“Most clients are willing to pay a little above market value in | Agent Gbenga
terms of rental if they can have an environment that is less pol-

luting and has an uninterrupted energy supply.”

“Some clients ask for a quiet environment.” Agent Femi

During an interview with a real estate agent, it was discovered that the agent was
using solar energy for backup energy both at home and in the office. This presented
a unique opportunity to interview the respondent as a solar energy adopter rather than
solely as a real estate agent. Hence, | took advantage and explored some of the fac-
tors that influenced uptake. The main drivers of this respondent's decision to use solar
panels were the ability to have a clean, uninterrupted power supply with no noise pol-
lution and minimum maintenance. This finding further highlighted the interest in having

the clean and quiet benefits that solar energy provides in addition to supply reliability.

4.4.Conclusion
This chapter outlined findings from exploratory qualitative interviews conducted to in-
vestigate preferences for backup energy among residents in a Nigerian city and shape

the subsequent quantitative phase's design. Results reveal that tenants and not
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landlords primarily provide backup power in Nigeria for reasons including the split in-
centive problem and a lack of trust in cleaner backup energy sources like solar. It also
revealed that middle-income and high-income residents valued living in clean and
quiet areas and indicated that they might be interested in paying to enjoy these ben-

efits.

The findings from these expert interviews shaped the subsequent PhD work, notably
the choice experiment design. The exploratory phase of the study aided in narrowing
down the scope of this study and identifying the attributes of homes to explore further
using the choice experiment. For example, before embarking on the exploratory study,
there was an attempt to focus the choice experiment on multi-occupant rental homes
where landlords provide backup energy. However, based on the findings, backup
power in Nigeria is mainly supplied by residents themselves and not by landlords.
Hence the choice experiment presented buying a home in a new estate rather than a

rented multi-occupant building.

Additionally, the interview findings provided some nuance to the relative importance
of certain attributes. For example, the noise and air pollution attributes were seen to
be an important consideration, particularly for middle to upper-income households.
This finding that such residents value living in clean and quiet areas informed the

decision to include a pollution attribute in the discrete choice experiment.

In conclusion, energy plays a vital role in residential households, given that it is es-
sential for powering appliances, lighting, and other household functions. There are
several considerations that are important to consider when it comes to residential
households deciding on a new home. This chapter has shed light on some of the key
considerations, such as the fact that backup energy provision is mainly the responsi-
bility of the tenants and not the landlords. By taking these into consideration, relevant
stakeholders can make informed decisions about the use of backup energy in resi-
dential households in Nigeria. The interviews also provided a platform for real estate
agents to share their experiences and perspectives on backup energy usage, which

can help to inform the development of new strategies and approaches to clean backup

energy supply.
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5. CHAPTER 5: USING A DISCRETE CHOICE EXPERIMENT
TO VALUE PREFERENCES FOR CLEAN AND QUIET AT-
TRIBUTES OF BACKUP SOLAR PV IN NIGERIA

Chapter Overview
This chapter presents details of the results of the analysis conducted on the discrete
choice experiment data. Individual preferences for attributes of solar energy from the
DCE data are analysed using econometric models for discrete choice data, including
the multinomial logit model, mix-logit model, and latent class analysis. This chapter
also presents WTP estimation of preferences for solar energy as a form of backup
electricity. Finally, the results from the models are subjected to relevant tests to ensure
robustness. A version of this chapter has been prepared for submission to the Energy

Reports Journal.

5.1.Introduction
As established in Section 1.1, despite the enormous energy potential within Nigeria,
the largest economy in Africa and the most populous African country®3, the country is
still beset with challenges in providing clean and sustainable electricity to its citizens.
The country's installed grid power is estimated at 30 Watts per person, compared to
the global average of about 900 Watts per person (IFC, 2019). Erratic grid supply,
which is commonplace in the country — about 30 outages a month (Ramachandran et
al., 2019) — has led to reliance on self-generation through backup (diesel and petrol-
fired) generators to meet electricity demand. Running these generators is estimated
to cost 6 to 10 times more than paying for grid-supplied electricity (Radwan and
Pellegrini, 2010). The Rural Electrification Agency (2017)3* estimated that Nigerians

spend $14 billion annually on inefficient generation, primarily through these

33 with a population of over 200 million people and estimated GDP of US$477.1 billion (constant 2010 US$) (World
Bank, 2020b)

4 n conjunction with the World Bank and Rocky Mountain Institute (RMI)
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generators. These generators also contribute to global climate change through the

associated carbon emissionss®.

However, an often-overlooked aspect is the local danger and nuisance that these gen-
erators cause. There are fire and safety risks, noise and air pollution, and consequent
health risks from inhaling exhaust fumes (lyogun, Lateef and Ana, 2018; IFC, 2019).
In contrast, solar photovoltaic (PV) backup systems offer reliability and clean, serene,
and safe local environments, so long as local generator use is curtailed. Homeowners
using solar energy suffer negative externalities as their neighbours can still use pol-
luting generators (Oseni, 2016). The ‘clean-quiet-safe’ benefits that solar-PV could
offer a local environment can only accrue if that local community excludes polluting

backup generators.

5.2.Link to Research Objectives
Substantively, this chapter makes three distinctive contributions. Although previous
studies have examined solar-PV for generating cleaner electricity, until now, no iden-
tified studies have examined interest in, or WTP for, the local environmental and safety
benefits that solar-PV could offer purchasers of homes on residential estates that ex-
clude polluting backup generators in Nigeria. In this case, the local pollution and risks
that solar-PV could mitigate are produced by backup electricity generators. Conse-
guently, this study is also the first known to examine the potential of solar PV as a
form of backup electricity in Nigeria and the WTP for specific attributes of solar PV.
Another benefit of widespread local adoption of solar PV systems is the potential for
individuals to buy and sell excess electricity using emerging P2P energy trading tech-
nology; this paper also examines preferences for energy trading within a community

setting.

As well as contributing to the literature on these substantive topics, this chapter also
contributes empirically by examining these consumer preferences using DCEs within
residential neighbourhoods in Ibadan, a Nigerian city. As outlined in Section 2.1.3,

Grimm et al. (2017) called for more experimental studies examining the mechanisms

35 Moss and Gleave (2014) estimate that generator use in Nigeria produces 29 million metric tons of CO2 annually.
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behind the take-up behaviour of solar PV in developing countries, including house-
holds’ WTP for electric energy and the role of credit constraints and information. This
chapter addresses the need for more experimental studies in the RE field by using
DCE to:

1) explore whether householders would prefer clean, quiet residential estates that
use solar PV for backup electricity and are willing to pay for this3,
2) analyse the influence of individual characteristics on these preferences,

3) examine preferences for energy trading within a community setting.
5.3.Results

5.3.1. Demographic and Summary statistics

The socioeconomic characteristics of the sample are provided in Table 5-1. The sam-
ple is slightly skewed towards men, as the male-female ratio is 59 per cent - 41 per
cent, respectively, which is higher than the population figures for South-West Nigeria
of 48 — 52 per cent®’. The sample was primarily composed of respondents aged be-
tween 30-39 and those aged between 18-29, who collectively represented over half
of the respondents (54.3 per cent). Married respondents constituted the larger share
of the marital status of the sample (67 per cent) compared to a quarter of respondents
that are single. This is higher than the share of married people in South-West West

Nigeria (50.2 per cent).

Within the sample, the majority of households (79.4 per cent) live in households with
three or more people sample (The south-west population has an average household
size of 3.2), and most respondents reside within the Ibadan urban area (64.1 per cent)
compared with 35.9 per cent in the Ibadan semi-urban area. The distributions of edu-
cational level and annual household income revealed that 90.6 per cent of the re-
spondents had polytechnic, university or advanced degrees, and over a third (31.4 per

cent) of the respondents had an annual household income between #&100,000

36 Solar PV was still boradly perceived as an expensive technology at the time this research was conceptualized
37 Population statistics derived from (National Bureau of Statistics and World Bank, 2019)
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(US$326) and &8250,000 (US$815). This implies that most respondents are highly ed-

ucated and earn within the average living wage for Nigerian households.

Table 5-1: Respondent socioeconomic characteristics (N = 649)

Variable Description Frequency ;’g(rac(eo/:)t— Egﬁtz!z)
Households with 1 per- 35 56 Average
son house-
Households with 2 peo- 94 15 _hoId size

Household size ple in urban
Households with 3 or 496 79.4 areas
more people (4.8)
Average 2.75 3.20
Households living with

Households with | children 382 63.1

Children House_holds living with- 293 36.9
out children

Gender Male 371 59.2 47.9
Female 256 40.8 52.1
Married 415 66.9 50.2

Marital Status Single 158 25.5 35.3
Other Categories 47 7.6 4.85
Mean age (interval data) 41
18- 29 161 26.9
30-39 164 27.4

Age 40-49 114 19.1
50 - 59 77 12.9
60 -70 52 8.7
71 and above 30 5

Urban: Depicts if the

Household lives in Iba- | Ibadan semi-urban area | 217 35.9

dan Urban Area or the

'Ibt\)raéian Semi-Urban Ibadan urban area 387 64.1
Average (interval data) N284,284.4
Less than 100,000 113 18.3
100,000 — < #250,000 | 194 31.4
#&250,000 — < 8500,000 | 136 22
#&500,000 — < &750,000 | 48 7.8

ﬂ%ﬂsﬁg‘fﬁi Monthly "5750,000 — < N1million | 39 6.3
N1million or more 22 3.6
Prefer not to say 66 10.7

38 This is estimated at 8203,040 (US$662) based on assumptions of 4.7 individuals per household (derived from
The McKinsey Global Institute (2014, p. 3) earning an income of 843,200 (US$141) in 2018 (derived from Trading
Economics (2020).
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Employers 27 4.3

Occupation Full time 181 28.8
Part-time 46 7.3
Self-employed 157 25
Retired 78 12.4
No formal education 9 1.4
Secondary, Primary or

Education of the 33 5.2

less
household head Tertiary 595 90.6
Others 12 1.8

Table 5-2 presents some data on respondent responses to questions about their en-
ergy usage and preferences. The table shows that most respondents (92.8 per cent)
have some form of backup electricity, with petrol generators being the predominant
source (75.2 per cent of respondents). It was also interesting to observe that despite
this high prevalence of generators within the sample, the status quo (or opt-out) option
in the DCE, which was based on maintaining the use of generators for backup energy,
was not preferred among respondents (see Table 5-3 below) as only 8 per cent of
respondents selected this option. Similarly, about 16 percent of respondents had an
inverter and battery system installed in their homes. The inverters and batteries are
typically used to store power whenever the intermittent grid electricity supply is avail-
able. Households use the combination of inverters and batteries as an additional layer

of insulation against power cuts.

Within the sample, 3.8 per cent of respondents owned multiple forms of backup energy
(petrol, diesel generators, solar systems) and were connected to the grid, perhaps to
fully insulate themselves against blackouts. Adoption of alternative clean sources of
backup energy within the sample is relatively small as only 8.3 per cent of households
report ownership of a solar home system3°, demonstrating the relatively low uptake of
solar energy. However, of the 348 respondents (53.6 per cent of the sample) who had
considered buying a solar system at some point in the past, 89 per cent do not cur-
rently have a solar system installed. This high rate of non-adoption might be due to
the high initial costs of purchasing a solar system and the lack of access to financing
schemes. Upfront prices for 5KW solar home systems can range from 825,600 -

39 Solar, inverter and batteries.
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§1,021,000% (US$2,690-US$3,326), which is between two to three-and-a-half times
an average individual's household income within the sample, 8284,28441(US$926).

Over half of the respondents spent less than #20,000 (US$65) a month on running
their generators and less than 810,000 (US$32.5) on-grid electricity. From Monday to
Sunday, the daily electricity supply from the grid is between 5 to 10 hours, which high-
lights the dire situation of publicly provided electricity. Perhaps, this explains why 65.5
per cent of respondents expressed dissatisfaction with electricity from the local utility,
Ibadan Electricity Distribution Company (IBEDC). Most respondents (84 per cent) con-
sider electricity availability as a very important factor when deciding to buy or build a
new home. Most respondents (83 per cent) also expressed concern about the health
impacts of using a backup generator to supply electricity.

40 This comparison was based on 2019 estimates of a 5KW solar home system price (for a standard 2-bedroom
apartment).

41 This mean income is estimated based on a conversion of the income variable from a grouped numerical variable
to interval data. Median income within the sample was within the range of %#100,000 to less than #250,000.
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Table 5-2: Respondent energy preferences (N = 649)

. I Fre- o Population
Variable Description quency % (Urban)
Backup energy ownership | The household has a form of backup 504 92.8
(%) electricity '

Petrol Generator ownership | The household has a petrol generator 181 75 34.4% aver-
(%) (in addition to other sources) ' age (no dis-
aggregation
Diesel Generator ownership | The household has a diesel genera- 101 158 between
(%) tor (in addition to other sources) ' petrol and
diesel)
Inverter and battery owner- | The household has inverters and bat- 102 159
ship (%) teries (in addition to other sources) '
. The household has a solar system (in
Solar ownership (%) . 53 8.3
addition to other sources)
Multiple sources of backup | The household has a petrol genera- ” 38
energy owned tor, solar, inverter and batteries '
Monthly expenditure on | Less than §20,000 (highest occur- 21
Generators rence) '
Average monthly expendi- | Between 85,000 to less than
_ o 206 33.1
ture on grid electricity N10,000
Hours of grid electricity sup- 7 hours per
Between 5-less than 10 hours 207 33.3
ply (Weekdays) day
Average hours of grid elec-
o Between 5-less than 10 hours 237 37.8
tricity supply (Weekends)
Electricity availability: is a
very important considera- )
) Agree (highest occurrence) 539 84
tion for me when | want to
buy or build a new home
Dissatisfaction with grid
o Agree and Somewhat Agree 421 65.5
electricity supply
Concerned about the health
impacts of using a backup | Agree and Somewhat Agree 539 83.1

generator
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The responses of individuals to all the DCE questions are presented in Table 5-3. The
table shows that most respondents (76%) tend to pick the cleaner alternatives pre-
sented to them (Option A and B) rather than remaining with the option with their cur-
rent backup generator (8%) when accounting for missing values. Considering only the
valid responses to the DCE, it can be seen that this figure is much higher, showing
that most respondents (91%) picked either Option A or Option B compared to just 9%
of respondents who chose to remain with the status quo option of home with a backup

generator.

When considering the alternatives chosen, on average, more than half of the respond-
ents (52%) that answered the DCE questions picked the second alternative (option
B). Likewise, a comparison of valid responses between the two alternatives, excluding
the status quo option, shows that 57% of respondents picked option B over option A.
When decomposing this to individuals with generators only, it was seen that there is
an even higher tendency to pick a cleaner alternative. This perhaps highlights the
preference of current generator owners for alternative sources of backup energy for

their homes.

Table 5-3: Respondent Distribution of choices among DCE alternatives

Choice among alternatives Total
. . Clean Op- | Status
Option A Option B Status Quo tions Quo
Avg. Frequency 212 284 51 495 51
Avg. Per cent 33 44 8 76 8
Avg. Valid Per cent 39 52 9 91 9

DCE alternatives breakdown excluding status quo

Option A Option B Total
Avg. Frequency 212 284 495
Avg. Per cent 43% 57% 100
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5.3.2. Analysis of preference data

In addition to the DCE attributes, some individual-specific variables adjudged relevant
to the models were included. Overall, it was noticed that the inclusion or exclusion of
individual-specific variables did not significantly impact overall model fit and attribute
parameters. The base model was estimated without individual-specific variables,
while other models were included to capture them. The results from the preference
data analysis are presented below. The outcome variable (RES) depicts the choice
taken by respondents. It is used as the dependent variable because it allows us to
capture the systematic components of the utility derived from the choice selected by
the respondent.
5.3.2.1. Mixed Logit Model Results

In the base MXL model in Table 5-4, only the five DCE attributes were included to
examine the effect of these attributes on the expected probability of choosing an al-
ternative. The base model was estimated with all attributes being random and nor-
mally distributed based on the recommendation by Meijer and Rouwendal (2006) and
Sagebiel (2017); however, there are other possibilities for this. According to Sillano
and de Dios Ortazar (2005), fixing the cost parameter produces biased estimates.
Others have opined that the cost parameters can be non-random (Revelt and Train,
1998; Carlsson and Martinsson, 2008). Therefore, it was decided to either treat all
attributes as random (base model) or randomize the cost parameters only in the sub-
sequent model specifications (model 2). The random parameters were assumed to be
correlated, and 1000 Hammersly draws were used for the simulation. The integration

point was set at 1000 to ensure the stability of results.

The significant standard deviations of the parameters in the base model suggest un-
observed heterogeneity in preferences. The Prob>Chi2 values of zero point to the
statistical significance of the model. The sign and size of the coefficients depict the
effect of each attribute and individual-specific variable on the expected probability of

choosing an alternative.
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Table 5-4: Mixed Logit Estimates of Household Choices - Base model

Attributes Coefficient (Std. Err.)
Backup (solar and inverter) 0.172* 0.089
No Pollution 0.765*** 0.085
Energy trading (Buying and selling) 0.376*** 0.068
House price -0.136** 0.060
Backup price -0.725*** 0.091
Alternative Specific Constant (ASC) 2.026*** 0.187
Standard deviations of the random parameters

Solar SD 0.018* 0.238
Pollution SD 0.559*** 0.372
Energy trading SD 2.378** 0.297
House price SD 0.159*** 0.017
Backup price SD 1.412%** 0.299
No of Obs. 6,549

Log-likelihood -1916.606

Prob>chi? 0.000

* Significant at 10% **Significant at 5% *** Significant at 1%,

The results show that all attributes are significant. The coefficient of the backup vari-
able is positive and significant. It shows that the presence of a solar and inverter sys-
tem is a positive and significant predictor of household choice for a new home. It is
also interesting to find that the “no pollution” variable positively and significantly affects
the expected probability of choosing a home. This suggests a difference in prefer-
ences when there is still a possibility of experiencing local noise and air pollution from

generator use (albeit low levels) compared with when this is eliminated.

The coefficient of the energy trading variable shows that consumers are drawn to the
possibility of trading energy with their neighbours in a community setting, as the vari-

able has a positive and significant effect on the expected probability of household
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choice. Chapter 6 further distinguishes between preferences for both levels of energy
trading (buying and selling). The two cost parameters are negative, in line with the
theory of consumer choice, suggesting that individuals are less likely to select houses
with higher prices. Similarly, the results show that respondents were less likely to pick

the more expensive backup option presented to them in the DCE.

Individual-specific variables were progressively included subsequently in Model 2 to
examine the effect of these variables on choice (see Table 5-5). These specific varia-
bles show how individual characteristics and attitudes towards energy affect the ex-
pected probability of picking between a cleaner alternative and the status quo option.
However, most of these variables were not statistically significant, except the variable
included capturing electricity experience, age and education of the household head.
The more educated the household head is, the more likely they are to select a cleaner
alternative than the status quo option. This might be because they are more aware of
the benefits of adopting cleaner and quieter energy options and the health challenges
associated with prolonged exposure to generator use. This finding is in line with stud-
ies in the literature (Sundt and Rehdanz, 2015d; Zhang et al., 2016) that highlight the
role of information and awareness of the clean and quiet benefits of adopting cleaner
energy options like solar PV.
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Table 5-5: Mixed Logit Estimates of Household Choices — Model 2

Attributes Coefficient  (Std. Err.)
Backup (solar and inverter) 0.0837 0.1169
No Pollution 1.1194*** 0.1138
Energy trading (Buying and selling) 0.5269*** 0.1069
House price -0.0300*** 0.0096
Backup price -1.3969*** 0.1874
Case Variables

Age 0.4881*** 0.1628
Female 0.5184 0.4217
Household income 0.09 0.1263
Household head education 0.0335*** 0.0279
Household size 0.1673 0.3444
Households with children 0.7401 0.4622
Electricity experience -0.2378*** 0.0727
ASC 1.2317 1.5405
No of Obs. 5,547

Log-likelihood -1432.477

Prob>chi? 0

* Significant at 10% **Significant at 5% *** Significant at 1%

5.3.2.2. Latent Class Logit Model Results

A latent class logit model is estimated to examine the role of individual characteristics
on preferences and investigate the degree of heterogeneity among respondents in the
DCE. In the LCL estimation, the coefficient sign represents whether a given class has
positive or negative preferences for a particular attribute. AIC and BIC measures were
applied to determine the optimal number of latent classes. Various classes (2, 3, 4
and 5 classes) were attempted; however, models with 4 and 5 classes did not con-
verge. The latent class model with 3 classes was selected for analysis as it had lower
AIC and BIC values (see Table 5-6 below).
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Table 5-6: Number of latent classes

Model Log-likelihood df AlIC BIC
3 classes | -1560.369 23 3166.738  3297.572
2 classes | -1639.398 15 3308.795  3394.122

The results of the LCL are given in the Class-Specific Model in Table 5-7 below. The
coefficients are relative to those of class 3, which acts as a baseline. From this anal-
ysis, three groups (classes) of respondents with similar (latent) preferences within the
sample emerge. Based on the results, class 1 tagged “moderate adopters” (41.7 per
cent of respondents), class 2 can be termed as “likely avoiders” (8.7 per cent), while
class 3 can be marked as “likely adopters” (49.6 per cent). This characterization aligns
with the choice distribution presented in Table 5-3 above.

The three latent classes of the respondents were classified by the significance of the
attributes. Preferences of individuals in class 1 (moderate adopters) show that they
prefer cleaner backup options and are most likely to engage in energy trading (selling
energy to neighbours). Respondents in class 1 preferred a home where the backup
option was solar. In class 2 (likely avoiders), most parameters were insignificant (ex-
cept house price), indicating that individuals in this class preferred the status quo and
had a negative response to an increase in the house price. In class 3 (“likely
adopters”), the significance of the backup variable suggests that individuals in this
class prefer cleaner backup options (solar and inverter). Similarly, the significance of
the “no pollution” variable in class 3 suggests that individuals in this class are intolerant
to noise and air pollution and are likely not to prefer the status quo option. Further-
more, in class 3 e, the energy trading (selling) variable is insignificant, which indicates
that respondents in this category are more likely concerned about the intrinsic benefits

than participating in energy trading.
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Table 5-7: Estimation Results, Latent Class Logit Model

Class Specific Model

Variable Class 1 Class 2 Class 3
Backup (solar and inverter) 0.325 -0.272 1.841*
No Pollution 0.329* 0.302 5.355%*
Energy trading (selling) 1.104%** 0.042 0.016
House price 0.071%** -0.140** -0.238***
Backup price 0.040 -0.697 -4.188***
Class Share 41.7% 8.7% 49.6%

N 4,983

Log-likelihood -1136.140

Prob>chi? 0.00

* Significant at 10% **Significant at 5% *** Significant at 1%

5.3.3. Comparing Results of the MXL and LCL

Preference heterogeneity is a desirable feature of discrete choice modelling since, in
reality, preferences vary across individuals (Boxall and Adamowicz, 2002). While both
the estimated MXL and LCL models account for preference heterogeneity, the latent
class analysis results reveal heterogeneity in preferences and allow for the identifica-
tion of varying preferences in 3 distinct latent classes, or “segments”, as outlined
above. The identified differences in preference across classes captured by the LCL
are often difficult to depict in the MXL (Sagebiel, 2017). However, both models appear
to be similar with respect to choice probabilities. Table A-3 in Appendix 11 gives the
results of a linear regression of the choice probabilities of the MXL on the LCL follow-
ing the post-estimation recommendation of Sagebiel (2017). The regression indicates
that the choice probabilities of the LCL and of the MXL are highly correlated. The
variation of the choice probabilities of the LCL explains MXL choice probability varia-
tion by 94.9%, suggesting similar choice probabilities across both models. The inter-
cept suggests that the choice probabilities of the MXL are -0.003 when the LCL choice
probabilities are zero. The coefficient of 1.01 suggests that a unit increase in the LCL
choice probability leads to an equivalent increase in the RPL choice probability. In

essence, there is a one-to-one choice probability in both models.
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5.3.4. Willingness to Pay Estimation

To estimate the WTP for attributes of a product using DCE data, the coefficient of the
attribute for which the WTP is being calculated is simply divided by the coefficient of
the monetary attribute. This means that the WTP estimation is done using implicit
prices, which reflect the trade-off respondents are willing to make between various
characteristics of attributes of households and payment. In other words, the WTP is
estimated as the marginal rate of substitution between an attribute and the cost attrib-
ute. The WTP for the attributes are calculated based on the method proposed by
Krinsky and Robb (1986), where the WTP is defined by the function below;

—Battribute

WTP = =
PBcost

Table 5-8 and Table 5-9 give the WTP values for the MXL and LCL models, respec-
tively. The estimates are converted to monetary figures by multiplying them by N1
million to reflect the backup and house prices depicted in the choice experiment. The
RPL results show that an average respondent is willing to pay approximately 812.4m
(US$40,497) for a house with no noise and air pollution. The LCL reveals differences
in preferences, among classes, with the mean WTP of N2.7m largely driven by the
values from class 3 (likely adopters). The LCL estimates for backup prices also reveal
a mean WTP of 83.7m for backup options without pollution, with minimal values de-
rived from the RPL model. Detailed WTP analysis for each class is available in Table
5-10.

Table 5-8: Willingness to Pay Values for House

House Price
Variable MXL LCL

Mean SD Mean SD
Backup (Solar and Inverter) 0.9 0.6 -0.2 0.1
Pollution (none) 124 8.3 2.7 1.8
Energy trading (selling) 5.9 3.9 -3.3 2.2

131



Table 5-9: Willingness to Pay Values for Backup

Backup Price

Variable MXL LCL

Mean SD Mean SD
Backup (Solar and Inverter) | 0.03  0.02 0.2 0.6
Pollution (none) 0.3 0.2 3.7 3.2
Energy trading (selling) 0.6 0.1 -0.4 9.9

Table 5-10: Detailed Willingness to Pay Values from LCL Model

House Price

LCL Classl Class2 Class3 Mean SD
Backup (Solar and Inverter) | -6.0 -0.5 5.1 -0.2 0.1
Pollution (none) -6.5 6.5 23.9 2.7 1.8
Energy trading (selling) -64.9 -11.3 46.2 -3.3 2.2
Energy trading (buying) -49.2 -10.2 46.4 -1.4 1.0

Backup Price

LCL Classl Class2 Class3 Mean SD

Backup (Solar and Inverter) | 0.84 -0.62 0.42 0.07 0.05
Pollution (none) 0.91 8.16 1.96 1.22 0.82
Energy trading (selling) 9.11 -14.02 3.78 -0.13 0.09
Energy trading (buying) 6.91 -12.65 3.79 -0.22 0.15

5.4.Conclusion

This chapter focused on the personal benefits of a clean local environment that solar
energy can also provide. This chapter used a DCE to provide insights into preferences
for clean and quiet solar PV backup electricity on a residential estate and energy trad-
ing preferences. Applying a Mixed Logit and Latent Class analysis, this chapter found
that consumers are interested in dwelling in homes with cleaner backup alternatives,
including solar and inverters, compared with the status quo option of residing in homes
with petrol or diesel generators. This study also found that consumers are interested
in energy trading, with preferences for selling over buying excess electricity to neigh-
bours. The next chapter further examines preferences for energy trading.
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6. CHAPTER 6: VALUING PREFERENCES FOR ENERGY
TRADING AMONG ESTATE RESIDENTS IN A NIGERIAN
CITY.

Chapter Overview
This chapter presents quantitative findings from the survey on preferences for energy
trading. Specifically, this chapter examines how independence aspirations and finan-
cial benefits influence the possibility of P2P energy trading. A version of this chapter

has been submitted for publication in the Energy Policy Journal.

6.1.Introduction
As outlined in Section 2.2, the emerging literature on P2P energy trading has largely
covered technical, socioeconomic, policy, and regulatory aspects of P2P energy trad-
ing. From the supply side, there is an understanding that profitability is key to making
P2P energy trading viable (Park and Yong, 2017). However, there is limited evidence
from the end-users perspective on the importance of financial benefits for engaging in
energy trading, particularly in the global south, especially Africa. While there is evi-
dence in the literature on the technical aspects of P2P energy trading, there is still
limited evidence from the global south on the socioeconomic aspects, such as con-
sumers' inclination to participate in such systems. For example, the structured litera-
ture review by Adams et al. (2021) found only one study on the social and economic

value produced by P2P in Africa.

Whilst the literature review in Section 2.2 has shown that P2P energy trading can
provide a range of benefits to individuals who participate, including making additional
income, cost savings, investment opportunities, increased energy independence, and
environmental benefits, there are several reasons why people might not be keen on
participating in P2P energy trading for the financial and independence benefits they
might derive from it. For example, people may be simply unaware of the financial ben-
efits of electricity trading or may not understand how it works. Without sufficient
knowledge or understanding, people may be hesitant to participate in electricity trad-
ing. Also, P2P trading can be a complex process involving a range of technical and
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legal considerations that can make it difficult to understand the potential financial ben-
efits. Furthermore, as with any trading activity, P2P energy trading involves some level
of financial risk, depending on the prevalent pricing regime and because demand can
fluctuate over time. There may be some hesitation to participate in P2P electricity if
the perceived risks are seen as too high, especially if the potential financial benefits
are not sufficient to justify the risk.

Therefore, this chapter examines if people are less likely to trade electricity if it would
provide a financial benefit by focusing on the financial benefits (increase in income
and reduction in energy expenses) and the independence benefits of P2P by examin-
ing if it can prove attractive in contexts where people want independence from the

local energy provider.

The concept of autarky in energy preferences has been discussed in the literature
primarily in the context of western developed countries (Muller et al., 2011; Korcaj,
Hahnel and Spada, 2015; Engelken et al., 2018; Kalkbrenner, 2019) with little evi-
dence of studies examining this concept in developing countries in the global south.
Evidence from countries such as Germany and Australia shows that people are in-
creasingly adopting distributed solar PV to gain independence from the electricity grid
(Engelken et al., 2018; Liu et al., 2019; Sabadini and Madlener, 2021). In Nigeria, due
to broader governance failures, local communities have taken responsibility for other
important community infrastructure such as speedbumps, water supply, and street-
lights. Therefore, this chapter explores if the energy decision of households in contexts
like Nigeria is such that individuals want independence and would take decisions to
meet their energy needs rather than rely on an erratic grid supply. Indeed, evidence
from the World Bank shows high levels of dissatisfaction with the electricity supply in
Nigeria, as 74 per cent of surveyed electricity consumers expressed dissatisfaction
with the electricity supply and 78 per cent received less than 12 hours of power supply
daily (Odutola, 2021). In Nigeria, challenges with the grid also present an opportunity
for alternative means of consistent electricity supply and distributed energy resources

to play a key role in the electricity supply mix for households.
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This chapter explores whether the autarky benefits from energy trading prove attrac-
tive to individuals who seek independence from the grid, perhaps because of chal-
lenges with inconsistent supply, inadequate metering, estimated billing, and tariff in-
creases. Furthermore, this study distinguishes between preferences for buying and

selling electricity on a P2P energy trading platform in a residential estate setting.

The remainder of this chapter is organised as follows: Section 6.3 outlines the data
and analytical approach employed. Section 6.4 presents the results from empirical

analysis and discusses the results. Finally, Section 6.5 concludes the chapter.

6.2.Chapter Objectives and Hypothesis
Given the potential role that RE and P2P energy trading can play in supporting sus-
tainable and reliable energy provision, as outlined in Section 1.2.5.1, this chapter ex-
amines how financial benefits and autarky aspirations influence preferences for P2P
energy trading in a residential estate setting. Specifically, this chapter investigates the

following:

0] Whether individuals are motivated to trade energy for the financial benefits
they can obtain from trading energy within a residential estate setting; and

(i) Whether P2P energy trading can prove attractive in contexts where people
want independence from the local energy provider;

(i)  What are the characteristics of individuals that are interested in buying and

selling energy on a P2P energy trading platform?
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6.2.1. Hypothesis

The following hypotheses are tested to achieve the three objectives outlined above,:

H}: People are less likely to trade electricity if it would provide a financial benefit

(increase in income and reduction in energy expenses)

HZ: Hypothesis 1B: People are less likely to trade electricity if it would provide

independence from the local electric utility (addressing autarky expectations)

HE: Participants do not differ in their sensitivity to variations in both factors (fi-
nancial benefit and independence), resulting in different prosumer groups with

energy trading preferences and choice of dwelling.

H} addresses the role of financial benefits on the decision to engage in P2P energy
trading: Rejection of this hypothesis thus suggests that individuals might be motivated
to trade energy for the financial benefits they can gain from trading energy within a

community setting.

HZ addresses independence/autarky expectations: The main thrust of this hypothesis
is to test if P2P energy trading can prove attractive in the context where people want
independence from the local energy provider. Given challenges with inconsistent sup-
ply, inadequate metering estimated billing, and tariff increases, amongst others. As
we have seen in other situations, such as local community security decisions or con-
structing local infrastructure such as speedbumps, local communities have demon-
strated taking decisions into their own hands, given the neglect of the public system
to address these issues. Rejection of this hypothesis suggests that people would be
interested in P2P energy trading if it would provide independence from the local elec-
tric utility, thereby allowing individuals to become more energy-independent.

H$ addresses differences in preferences among respondents: The rejection of this
hypothesis implies that it is possible to distinguish between various categories of re-
spondent preferences for P2P energy trading and that respondent preferences for

P2P energy trading are not homogenous.
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6.3.Data and Methods

6.3.1. Data

Data used in this chapter is based on the survey outlined in Section 3.5. The survey
was designed to collect information on consumer preferences for electricity and in-

cluded a section on P2P energy trading which is the focus of this chapter.

To investigate if people are more likely to trade electricity due to financial benefits, this
thesis focuses on benefits in the form of additional income and reduction in energy
expenses occasioned by engaging in P2P energy trading. Similarly, autarky benefits
are investigated using responses to two survey questions. The first question examined

interest in P2P energy trading to reduce reliance on grid supply.

The second question examined interest in buying electricity from the P2P energy trad-
ing service to get a constant power supply. This chapter examines responses to a
choice experiment that presented hypothetical home choices with the possibility of
energy trading. Respondents were presented with the hypothetical choice of selecting
homes with four attributes that define the possible characteristics of the new home in
a new estate, with one of the attributes presenting the possibility of energy trading
(see Table 3-2).

The analysis estimates the effect of variables depicting financial benefits from trading
energy and autarky preferences on home choice®?. Interactions of participants' home
choice decisions and the buying and selling levels of the energy trading attribute of
the choice experiment serve as a proxy for interest in energy trading. They are in-
cluded as dependent variables for the individual regressions. The dependent variables
allow for examining preferences for buying and selling energy via a hypothetical P2P

energy trading platform.

42 Where homes can include the possibility of engaging in energy trading by selling or buying energy
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6.3.2. Methods

Two logistic regression models were estimated where the two financial and autarky
variables serve as key independent variables. Table 6-1 outlines the autarky and fi-
nancial benefit variables alongside the socio-demographic variables included in the
model. The regression models also include socio-demographic variables like age and
household income. Different model specifications and estimation methods were used,

with no significant changes to the results, thus reinforcing the findings.

The logistic regression modelling approach used in this study is based on similar stud-
ies (Fell, Schneiders and Shipworth, 2019; Bao et al., 2020; Hackbarth and Lébbe,
2020; Watson et al., 2020) that use a similar regression approach to examine interest
in P2P energy trading and solar PV based on household survey data.

Collinearity checks were conducted, and collinearity was not detected. Specifically,
the collin command in Stata was used to check the variance inflation factor (VIF) for
the variables used in the estimation. None of the VIF values was above 2 (the reliability
of supply variable was 1.78 and 1.76 in the buying and selling models, respectively),
indicating that collinearity was not a problem with this and any other variables in the

model.
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Table 6-1: Description of variables used for energy trading analysis

Variable Name

Definition

Category

Yes
(%)

No
(%)

Unsure

(%)

Additional money

| would be interested in selling
electricity through the P2P energy
trading service to make some ad-

ditional money

Financial

benefit

82

10

Lower expenses

| would be interested in buying
electricity from the P2P energy
trading service to get electricity at
a cost lower than current ex-

penses on power

Financial

benefit

92

Reduce reliance

on grid electricity
supply

| would be interested in buying
electricity from the P2P energy
trading service to reduce depend-
ence on electricity supply from

the local electric utility

Autarky

88

Constant
supply

power

| would be interested in buying
electricity from the P2P energy
trading service to get a constant

power supply

Autarky

93

Socio-demographic variables

Age

Respondent's age in categorical levels

Household in-

come

Average monthly household income in categorical levels

Household edu-

cation

Respondent's highest education in categorical levels

Household size

Respondent's household size in categorical levels

Children

Households living with children

Sex

1 if the respondent is female and O if the respondent is male
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6.4.Results and Discussion

Overall results from the logistic regression analysis revealed that financial benefits

and autarky aspirations are vital factors influencing participation in energy trading.

Results from the logistic regression models*® are presented in Table 6-2 and Table

6-3 below.
Table 6-2: Estimation Results from Buying Model

Choose a home with Buying Option
VARIABLES Coeffi-  giqpr 0ddSTE o

cient tio
Additional money 0.219** (0.087) 1.2473 245
Lower expenses 0.360* (0.192) 1.3171 43.3
Reduce reliance 1.187***  (0.227) 2.5447 227.7
Constant supply 0.267 (0.247) 1.1914 30.5
Individual specific variables
Household size: 3+ people 0.813**  (0.283) 1.3806 125.4
Children 0.748** (0.351) 1.4304 111.2
Female 0.573**  (0.124) 1.3228 77.3
Age: 18-29 (reference category)
Age: 30-39 0.473** (0.191) 1.2373 60.5
Age: 40-49 1.075**  (0.200) 1.5288 193
Age: 50-59 0.870***  (0.212) 1.3392 138.6
Age: 60 and above 0.771**  (0.239) 1.2899 116.2
Household income: Less than #100,000
(reference category)
Household income: &#100,000 — < &250,000 0.409* (0.216) 1.2149 50.5
Household income: #250,000 — < 500,000 0.792**  (0.220) 1.4197 120.9
Household income: #500,000 — < &750,000 1.107**  (0.260) 1.3818  202.7
Household income: 8#750,000 and above 1.178***  (0.257) 1.433 224.8
University Education 0.356** (0.160) 1.1655 42.8
Estimation Statistics
Observations 2,997
LR chi2(16) 228.32
Prob > chi2 0.000
Log-likelihood -939.58

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.10

43 The interpretation of the results each variable included in the model is done while holding all other variables at

a fixed value.
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Table 6-3: Estimation Results from Selling Model

Choose a home with a Selling Option

VARIABLES Coefficient  StdErr 000° o
ratio
Additional money 0.218*** (0.060) 1.2437 24.4
Lower expenses 0.221** (0.103) 1.2467 24.7
Reduce reliance 0.154* (0.084) 1.1665 16.6
Constant supply 0.165 (0.227) 1.1792 17.9
Individual specific variables
Household size: 3+ people 0.553*** (0.174) 1.738 73.8
Children 0.479** (0.230) 1.6139 61.4
Female -0.056 (0.092) 0.9455 -5.5
Age: 18-29 (reference category)
Age: 30-39 0.056 (0.120) 1.0575 5.7
Age: 40-49 0.002 (0.1237) 1.0017 0.2
Age: 50-59 0.019 (0.153) 1.019 1.9
Age: 60 and above -0.150 (0.160) 0.861 -13.9
Household income: Less than &#100,000
(reference category)
Household income: 8100,000 — < &8250,000 -0.076 (0.224) 0.9271 -7.3
Household income: 8250,000 — < &8500,000 -0.050 (0.132) 0.9516 -4.8
Household income: &8500,000 — < &8750,000 -0.026 (0.177) 0.974 -2.6
Household income: 8750,000 and above -0.517*** (0.190) 0.5965 -40.3
University Education 0.259** (0.108) 1.2961 29.6

Estimation Statistics
Observations

LR chi2(16)

Prob > chi2
Log-likelihood

3175
106.43

0
-1610.174

Note: Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.10
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6.4.1. What motivates respondents to engage with P2P energy trading?

6.4.1.1. Financial benefits
Starting with the financial benefits variables, most respondents show interest in energy
trading to make additional money (82 per cent) and reduce expenses on power (92
per cent) (See Table 6-1). The empirical analysis shows that residents interested in
selling electricity through P2P to make more money are more likely to select a home
to buy and sell surplus energy, as the coefficient of the additional money variable is
significant in the two estimated models. For these residents, the odds of selecting a
home with the option of buying and selling surplus electricity are higher than the odds
of not selecting such a home. In percentage terms, the odds of interest in P2P energy
trading to make additional money are about 24 per cent higher than the odds of not
being interested in buying and selling regressions. The estimation of interest in selling
electricity suggests that individuals value the prospective benefits of making additional

money from P2P energy trading.

From the viewpoint of purchasing energy, the results of the "lower expenses" variable
in the buying regression suggest that respondents are drawn to engaging in P2P en-
ergy trading if it allows them to source energy to reduce overall expenses on power.
Similarly, the results of the effect of the lower expenses variable in the selling regres-
sion suggest that respondents are interested in participating in P2P energy trading if
it allows them to reduce overall expenditure on power. In percentage terms, the results
show that the odds of respondents being interested in P2P energy trading to minimise
overall power expenses are 43 per cent higher than the odds of having no interest in
P2P energy trading in the buying regression and 25 per cent higher in the selling re-
gression, respectively. In other words, respondents prefer energy trading platforms
that offer them cost savings in the form of reduced expenses on power. This finding
is similar to other studies that have also found personal economic benefits in the form
of cost savings to be an essential driver in the decision-making processes regarding
becoming a prosumer and P2P electricity trading (Palm, 2018; Mengelkamp et al.,
2019; Hackbarth and Lébbe, 2020; Karami and Madlener, 2022).
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6.4.1.2. Autarky preferences
Table 6-1. shows that most respondents are interested in the independence benefit of
P2P energy trading in the form of reduced reliance on grid electricity supply (88 per
cent). The regression results in Table 6-2 further reveal that residential consumers
who want to reduce dependence on grid electricity supply were particularly likely to
choose a home with the option to buy P2P electricity. Holding all other variables at a
fixed value, respondents keen to "reduce reliance" are 228 per cent more likely to
choose a home with the option to buy P2P electricity, while the odds are 17 per cent
higher in the case of selling. The significance of the variable that captures reduced
reliance from the local utility from both a selling and buying energy perspective rein-
forces the linkages between independence aspirations and reduced reliance on the
electricity grid within the sample. This finding differs from Ecker, Spada and Hahnel
(2018), who found that focusing on autarky benefits makes people less inclined to

trade because of the higher relative value of self-generated energy.

However, interest in having a "constant power supply" does not significantly affect
choosing a home with energy trading capabilities, despite the descriptive results show-
ing high-interest levels in energy trading to get a constant power supply (93 per cent).
Whilst individuals within the sample might be used to unreliable power supply; the
results suggest study participants were keen on P2P energy trading primarily from the
perspective of gaining independence from the local utility and, to a lesser extent, im-
proved reliability. The limited preferences for energy trading from a reliability perspec-
tive also suggest that the interest in P2P energy trading might be less about reliability
and similar to other contexts like Germany and Australia with growing interest in self-
generation through distributed solar PV to gain independence from the electricity grid
(Engelken et al., 2018; Liu et al., 2019; Sabadini and Madlener, 2021).

6.4.2. Individual characteristics and interest in P2P energy trading

Regarding the influence of socio-demographic preferences, the results also show that
larger households of three or more people are more interested in P2P energy trading

from both the perspective of buying and selling energy. The odds of these respondents
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with medium-large households being interested in P2P energy trading to buy energy
are 125 per cent higher than in smaller households (with two or fewer individuals).
Similarly, the odds for interest in selling power are 74 per cent higher than in smaller
households. As households with three or more people tend to be families, this finding
suggests that families might be interested in both buying and selling aspects of P2P
energy trading. This finding is also similar to evidence in the literature that larger
households of more than three people tend to be more interested in participating in
P2P energy trading (Mengelkamp et al., 2019; Hahnel et al., 2020).

Similarly, this study finds that households living with children are more likely to be
interested in the buying and selling aspects of energy trading than respondents not
living with children. The odds of households living with children are 111 per cent higher
in the buying regression and 61 per cent in the selling regression, respectively. This
finding further indicates the attractiveness of energy trading to families who might be

keen on trading energy to meet the diverse needs for power within the household.

This study finds sex-based differences in P2P energy buying preferences: female re-
spondents are more likely to select a home with the option of buying energy when
compared to male respondents. The analysis shows that the odds of female respond-
ents selecting a home with the possibility of purchasing energy are 66 per cent higher
than for male respondents. Women's interest in buying power from the P2P energy
trading platform might be because they are particularly impacted by unreliable resi-
dential electricity supply, which can make their household activities more burdensome.
Therefore, women in such contexts familiar with the challenges of erratic electricity
supply can be targeted for P2P energy trading by showcasing the possibility of buying
energy from others.

The results show that age has mixed effects on interest in P2P energy trading. The
findings from the buying regression show significant interest in buying electricity
among all other age categories with respect to the reference category (the youngest
age group, 18 to 29). Conversely, there appears to be no significant effect of age on
interest in selling energy to neighbours as none of the age categories are statistically

significant (compared with the reference category). These findings indicate a broader
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appeal of buying energy P2P among different age categories within the study sample.
In contrast, Hackbarth and Lobbe (2020) found that the respondents most open to

P2P energy trading in a German sample are within the age range of 40-69.

The results for household income indicate that it influences interest in buying electricity
through P2P energy trading. Specifically, the results show that the odds of selecting
a home with the option of purchasing energy are higher for all income categories com-
pared with the reference category (which is the lowest income bracket comprising
respondents with household income less than &#100,000). In percentage terms, com-
pared with the lowest income bracket, the odds of selecting a home with buying option
are, on average, 150 per cent higher for all other income categories. However, the
results from the selling analysis reveal that the wealthiest household income catego-
ries (R750,000 and above) are significantly less likely to be interested in selling elec-
tricity on a P2P energy trading platform than households in the lowest income bracket.
When the selling analysis is estimated with the most affluent household income cate-
gory (R750,000 and above) set as the reference category, coefficients for all other
income categories (particularly, the lowest income category earning less than
&100,000) are positive and statistically significant. This suggests a broad appeal for
selling electricity P2P among various household income categories, especially the
least affluent households. The indicator for the most affluent household income cate-
gories suggests that the odds of these households being interested in selling energy
on the P2P energy trading platform are 40 per cent lower than the lowest income
bracket. This study's findings that wealthier households are more likely to be inter-
ested in buying energy from a P2P energy trading platform but less likely to be inter-
ested in selling power via P2P energy trading provide some nuance to the literature.
For example, studies like Wilkinson et al. (2020) broadly find that those interested in
P2P energy trading are wealthier but do not distinguish between buying and selling

aspects of P2P energy trading.

Furthermore, more university-educated individuals are interested in P2P energy trad-
ing, and this finding holds for both buying and selling energy to neighbours. Specifi-
cally, the results show that the odds of selecting a home with the possibility of P2P
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energy trading are higher for university-educated individuals than for non-university-
educated respondents within the sample. In percentage terms, the odds are 43 per
cent higher in the buying analysis and 30 per cent higher in the selling analysis. This
result is also similar to other findings in the literature that more educated individuals
are more willing to participate in P2P energy trading (Hackbarth and Lobbe, 2020;
Hahnel et al., 2020). This finding that university graduates are more likely to be inter-
ested in P2P energy trading suggests that they can be targeted by companies seeking

to develop P2P energy trading platforms in similar contexts.

6.5. Conclusion
In recent years, P2P energy trading has emerged as a model enabling decentralised
trading of energy among energy prosumers. However, businesses, government poli-
cymakers and academia need evidence of its potential economic and social value.
This chapter contributes to an emerging evidence base by examining the potential
financial benefits and energy independence afforded by P2P energy trading; studies
on this topic are important because they are limited. Moreover, the few studies con-
ducted thus far have mostly been conducted in western developed countries. There-
fore, this chapter’s contribution is even more valuable; it presents evidence from a
survey and choice experiment conducted in Ibadan, a city in Africa’s most populous

country, Nigeria.

Applying logistic regression analysis, this chapter finds that survey respondents are
motivated to trade energy for the financial and autarky benefits they can gain from
P2P energy trading within a residential estate setting. The financial benefits that inter-
est respondents include earning additional income from P2P energy trading and re-
ducing overall power expenses. The autarky benefit that drives interest in P2P is "re-
duced reliance" on the grid for electricity. Indeed, respondents who wanted to reduce
their reliance on grid electricity were several times more likely to choose a home with
a P2P buying option. Surprisingly in a city renowned for an unreliable electricity sup-
ply, the attraction of a constant power supply was not influential in either the buying

or selling regression.
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7. CHAPTER 7: SUMMARY AND CONCLUSION

Chapter Overview
This chapter summarizes the main findings from the study. It also highlights the limi-
tations of the research and presents an agenda for future research. Section 7.1 out-
lines the key insights on the thesis research questions. Section 7.2 discusses the
broader implications of the research on academia, policymakers, estate developers
and industry. Section 7.3 discusses the challenges and limitations of the study, while

section 7.4 discusses the next steps and avenues for further research.

7.1.Review of Research Questions
The main aim of this thesis was to provide empirical evidence on the preferences of
residential consumers for solar PV and P2P energy trading as a form of backup elec-
tricity. To achieve this, three research questions were answered, as summarized be-

low.

RO1: What are the user preferences for solar PV as a form of backup electricity in a

Nigerian residential setting?

To answer the first research question, this study used a DCE to provide insights into
preferences for clean and quiet solar PV backup electricity on a residential estate and
energy trading preferences. However, to design the DCE, this study employed a qual-
itative approach to identify relevant attributes for inclusion. Expert interviews revealing
that some residents value living in clean and quiet areas led to the inclusion of a pol-
lution attribute in the discrete choice experiment. In the quantitative phase, data from
the DCE was analysed using the Mixed Logit and Latent Class models, as shown in
Chapter 5. The analysis revealed that consumers are interested in dwelling in homes
with cleaner backup alternatives, including solar and inverters, compared with the sta-

tus quo option of dwelling in homes with petrol or diesel generators.
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RQ2: What are the potential benefits that influence preferences for P2P energy trading

among residential consumers?

This research question was also answered using data from the DCE and responses
to a survey on preferences for engaging in P2P energy trading. Based on a logistic
regression analysis, this study finds that survey respondents are motivated to trade
energy for the financial and autarky benefits they can gain from P2P energy trading
within a residential estate setting. The financial benefits that interest respondents in-
clude earning additional income from P2P energy trading and reducing overall power
expenses. The autarky benefit that drives interest in P2P is "reduced reliance" on the
grid for electricity. Indeed, this study found that respondents who wanted to reduce
their reliance on grid electricity were several times more likely to choose a home with

a P2P buying option.

RQ3: To what extent can the characteristics of the decision-maker explain these pref-

erences?

This analysis presented in Chapters 5 and 6 helped answer this question. In chapter
5, the latent class logit model estimation revealed three groups based on their prefer-
ences for cleaner backup options and individual characteristics. The “likely avoider"
group comprises individuals who are not interested in homes with solar PV for backup,
are not interested in selling power and are very responsive to prices. The “moderate
adopters” prefer cleaner backup options and are likely to engage in energy trading by
selling excess energy to neighbours. Respondents in this category tend to be younger
people who like a home with solar PV for backup power. The third group of respond-
ents are “likely adopters” who prefer cleaner backup electricity options, are intolerant
to noise and air pollution, but are not keen on energy trading. This group of respond-
ents tend to be older people. Similarly, the role of individual characteristics on the
preferences for P2P energy trading was explored further in Chapter 6, with a distinc-
tion between interest in buying and selling electricity P2P. The results revealed that
those interested in purchasing were more likely to have families, be women, and be
more affluent. Households interested in selling are more likely to be those with three

or more people and kids.

148



7.2.Wider implications of results
This thesis has investigated the preferences and choices of individuals and house-
holds for solar PV as a form of backup electricity and preferences for engaging in P2P
energy trading. As outlined below, the findings have important implications for aca-
demia, policymakers, estate developers and industry. However, this discussion is pre-
sented with a caveat that the results are based on a sample which might not apply to

other contexts.

7.2.1. Academia

This thesis contributes to the academic literature by analysing consumer preferences
for solar PV as a home attribute focusing on local benefits to residents. Furthermore,
this thesis also contributes to the literature on preferences for solar by providing a
fresh perspective on solar PV as a form of backup electricity rather than focusing ex-
clusively on it to facilitate the clean energy transition. The study examines the benefits
of the adoption of solar energy among residential energy consumers in Nigeria from
their local perspective, not just from a global perspective. With the interest of some
respondents in selecting cleaner options over the status quo, the study shows that
there are individuals interested in dwelling in homes with cleaner and quieter backup
energy options. This finding reveals the opportunity to frame the adoption of cleaner
backup electricity options within this context from the perspective of the benefits col-
lective adoption provides to the local environment. This benefit is in addition to relia-
bility and other benefits such as aiding the clean energy transition and environmental
benefits. The use of choice experiments to study preferences for backup energy and

solar energy in Nigeria is also a novel contribution to the academic literature.

This study's findings that wealthier households are more likely to be interested in buy-
ing energy from a P2P energy trading platform but less likely to be interested in selling
power via P2P energy trading provide some nuance to the literature. For example,
studies like Wilkinson et al. (2020) broadly find that those interested in P2P energy
trading are wealthier but do not distinguish between buying and selling aspects of P2P

energy trading. The evidence in this thesis of a strong interest in P2P energy trading
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to reduce reliance on grid electricity supply indicates the attractiveness of P2P energy
trading as an alternative for such consumers. This finding complements evidence in
the literature on the interest of residential consumers in reducing dependence on utility
supply (Bronski et al., 2014; Agnew and Dargusch, 2017; Fares and Webber, 2017;
Hanser et al., 2017; Syed, Morrison and Darbyshire, 2020).

7.2.2. Policymakers

Insights from this thesis can aid policymakers in devising strategies to inform residen-
tial energy consumers about the benefits they can derive by using solar energy as
their source of backup energy. The finding that respondents prefer solar over noise
and air-polluting generators, whilst not surprising, has implications for the communi-
cation of solar energy benefits to households. These findings suggest that the clean
and quiet benefits of adopting solar energy can be better communicated to households
regarding how to reduce noise and air pollution within their surroundings, alongside
other benefits such as reliability of supply. This is particularly important for stakehold-
ers such as clean energy providers and policymakers interested in the increased up-

take of solar energy among residential consumers.

This research provides further evidence of the role of residential solar energy in meet-
ing the Nigerian government’s policy goal to have RE contribute 30 per cent to on-grid
generation capacity by 2030 (FGN, 2016). The findings demonstrate that whilst the
electricity supply remains unreliable, there is an opportunity for solar PV to claim a
much larger share of the backup electricity market. Policymakers and clean energy
providers keen to increase the uptake of residential solar energy should highlight the
clean and quiet benefits of solar energy for the residents themselves. It is also im-
portant to note the need for frameworks to improve access to credit to facilitate the
widespread adoption of residential solar PV. Improved access to credit will help ad-
dress challenges with the high upfront cost of adopting solar PV and make it easier

for residential consumers to purchase SHSs beyond pico-PV or small SHS.
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Findings also show that P2P energy trading can unlock additional benefits from
standalone solar PV in the form of financial and independence benefits and supply
flexibility. These benefits can foster increased interest in P2P energy trading of solar
PV adoption. Consequently, Nigerian energy policymakers should put in place struc-
tures that support P2P for standalone solar PV. This enabling policy support can in-
clude allowing decentralised energy trading among residential consumers with solar
PV. Given the increasingly important role of digital technology in the power sector, it
is also essential for Nigerian energy policymakers to embrace P2P alongside other
digital technological tools to meet energy needs. Nigeria has been identified as one of
the countries best placed to embrace technological innovation and digitization in its
renewable energy sector (Puig et al., 2021). The country's policymakers can further
harness this potential by developing and implementing a digitization roadmap for the
energy sector. Such an energy sector digitization roadmap can incorporate P2P en-
ergy trading alongside other technological innovations for residential consumers to
meet their energy needs. The road map can also outline appropriate policy incentives
for the private sector and technology developers to create digital P2P energy trading

platforms for residential energy consumers in the country.

In Nigeria, the adoption of P2P energy trading could bring several benefits, as identi-
fied in the thesis, for the consumers, including financial benefits and independence
from the grid. However, beyond the individual consumers, P2P energy trading adop-
tion has potential benefits, including facilitating increased access to electricity, greater
efficiency in the energy market, and reduced reliance on diesel and petrol generators
when coupled with clean energy sources like solar. To facilitate the adoption of P2P
energy trading in Nigeria, some policy recommendations include the following:

Encourage the development of supporting infrastructure and technology for
P2P energy trading: For P2P energy trading to be successful, it is necessary to have
the necessary infrastructure and technology in place. This could include the develop-
ment of smart grids, distributed energy resources (such as solar panels), and energy
storage systems. Similarly, there is a need for increased policy support for the devel-

opment of digital infrastructure, as P2P energy trading relies on the use of digital
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platforms to facilitate the exchange of energy. Therefore, it will also be important to
support the development of digital infrastructure, such as high-speed broadband in-
ternet connectivity and secure payment systems, to ensure that P2P energy trading

can be carried out smoothly.

Development a robust legal and regulatory framework to guide the advance-
ment of P2P energy trading in Nigeria: It will be important to establish clear regula-
tions and standards that govern the buying and selling of electricity among residential
consumers, to ensure the increased adoption and operation of P2P energy trading.
This should include rules around the ownership and operation of renewable energy
systems and guidelines for selling and purchasing excess energy. The regulatory
frameworks should also consider pricing, consumer protections, safety, data, and pri-

vacy issues.

Promote education and awareness of P2P energy trading in Nigeria: As the tech-
nology is still at a nascent stage of development, many people in Nigeria may be un-
aware of the potential benefits of P2P energy trading, so it will be important to promote
education and awareness about this concept. It will be important to educate and raise
awareness among individuals and businesses about the benefits of the P2P energy
model and how to participate. This could include outreach efforts through media cam-
paigns, workshops, and training programs. Furthermore, outreach efforts can include
reaching out to local communities to communicate the benefits of P2P energy trading,
such as those identified in this thesis, like financial and independence benefits.

Provide financial incentives for the adoption of renewable energy in Nigeria:
P2P energy trading relies on the availability of excess energy that can be sold to oth-
ers, thus, encouraging the development of renewable energy sources, such as solar
and wind power, that can provide a reliable source of excess energy is pertinent.
Therefore, policymakers can consider offering financial incentives, such as grants or
subsidies, to encourage individuals and businesses to invest in renewable energy sys-
tems and participate in P2P energy trading. Such incentives can prove beneficial to
increase the profitability of such systems in the near term, as the literature review in
section 2.1.2 shows (see Nduka, 2022).
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Encourage innovation, experimentation and collaboration between the digital
technology and the energy sector: As P2P energy trading is a relatively new con-
cept, there will likely be many different approaches to implementing it. Policy support
to encourage innovation and experimentation will help to identify the most effective
and efficient ways to facilitate P2P energy trading in Nigeria. Specifically, this would
involve encouraging private sector involvement in the sector, especially start-ups.
There are various ways policymakers can support innovation in this area. Policymak-
ers can apply lessons from the development of other technology start-ups that are
emerging in a key innovation hub in Nigeria. As seen in the broader technology sector
in Nigeria, such start-ups can play a key role in developing and expanding P2P energy

trading in Nigeria.

Policymakers can support the adoption of P2P energy trading by providing incentives
and support for these start-ups to thrive, innovate and experiment in the sector. For
example, the Nigerian Electricity Regulatory Commission (NERC) can set up regula-
tory sandboxes like the UK energy regulators#4, who have established a regulatory
sandbox to support the development and testing of new technologies and business
models in the energy sector (Ofgem, 2018). The regulatory sandbox can be designed
to help start-ups navigate the typically complex regulatory environment surrounding
the use of technology in a nascent part of the energy sector, like P2P energy. This
can allow such start-ups to allow them to develop and test new ideas in the area of
P2P energy trading technologies without incurring the full costs and risks associated
with full compliance with prevailing regulations (Schneiders, 2021). Finally, policymak-
ers can facilitate effective collaborations, partnerships and dialogue between different
stakeholders, such as utilities, regulators, industry associations, start-up technology
companies, and private sector players in the energy sector within and outside Nigeria
who are keen on developing new technologies. Encouraging these partnerships and
fostering a culture of collaboration can be useful to the successful adoption of P2P

energy trading in Nigeria.

44 The Office of Gas and Electricity Markets (Ofgem) and the Department for Business, Energy and
Industrial Strategy (BEIS)
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7.2.3. Estate agents and developers

This thesis's findings demonstrate an opportunity to develop and market clean, quiet
estates that appeal to people concerned about the health impacts of generator use.
Estate developers can promote the health and environmental benefits of dwelling in
homes in estates where generator use is restricted and backup energy is generated
from solar to individuals concerned about the health impact of generator use over time.

Real estate developers could capitalise on consumers' high levels of interest in the
benefits of homes with P2P energy trading capabilities. They could incorporate homes
with the capability of P2P energy trading when developing new housing estates where
the use of diesel and petrol generators is restricted. Developers could target home-
buyers that this study found are particularly interested in buying electricity via P2P
energy trading: women, families, university graduates, and more affluent residents. A
marketing strategy could be highlighting the value these prospective prosumers would
lose if they missed out on P2P energy trading (Neumann and Mehlkop, 2020). Since
reduced reliance on the grid was the most important determinant of interest in buying
P2P electricity in this study, developers should emphasise that choosing a non-P2P

development would maintain the consumer’s reliance on the grid.

Real estate agents can also support P2P energy trading by promoting the use of re-
newable energy technologies and the benefits of P2P energy trading to their clients.
This can include providing information about the potential cost savings and environ-
mental benefits of P2P energy trading and helping clients navigate the process of
setting up and participating in P2P energy trading programs. Real estate agents can
also support P2P energy trading by promoting properties that are equipped with re-
newable energy technologies and that would be suited to participate in P2P energy
trading programs. This can make these properties more attractive to buyers or renters

who are interested in sustainability and reducing their energy costs.

In addition, real estate agents can work with their clients to identify opportunities for
installing renewable energy technologies on properties and connecting to P2P energy

trading programs once these are further developed in Nigeria. This can include helping
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clients find financing options and providing information about local incentives and sub-
sidies that may be available to support the deployment of renewable energy technol-
ogies. Finally, real estate agents can also support the adoption of P2P energy trading
by working with policymakers to support the development of P2P energy trading. Spe-
cifically, real estate agents, under the auspices of the Nigerian Institution of Estate
Surveyors and Valuers (NIESV), can advocate for policies that support the develop-
ment of P2P energy trading, such as regulatory frameworks, incentives for developing
estates with community renewable energy, that would allow the supply of solar PV
that can be traded among residents, and infrastructure development like distribution

grid infrastructure.

7.2.4. Industry

The research in this thesis has shown that residential electricity consumers are gen-
erally interested in the use of cleaner and quieter alternatives to diesel and petrol
generators and are keen on the prospect of engaging in energy trading. This thesis
also finds that, as respondents have a better experience with electricity supply from
the grid, they are less likely to pick a cleaner alternative. This finding suggests that
respondents are primarily interested in a steady electricity supply before considering

the sustainable nature of such a power supply.

At a broader level, there is developmental assistance for the Nigerian electricity sector
from international organisations such as the World Bank, providing financing through
a Program for Result mechanism to the Nigerian electricity distribution companies,
whereby they get paid based on service improvements. Participants in this research
expressed dissatisfaction with electricity from IBEDC, the local electric utility, but indi-
viduals with a better electricity experience are less likely to select cleaner options. This
finding suggests that if the reliability of grid electricity supply improves over the next
decades, the appeal of solar for backup electricity might decline. However, solar PV
has an opportunity to claim a large share of the backup electricity market in the mean-
time. As manufacturing costs of solar continue to fall and reduce the price of solar PV

globally, this could further increase the appeal of solar PV in the near to medium term.
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This study’s findings regarding preferences for energy trading also have implications
for potential private sector players in the energy trading industry, which is still nascent
and emerging around the world. Industry players interested in developing real-world
applications of P2P energy trading could target consumers within such contexts draw-
ing on some of the insights showcased in this study. The results demonstrate the
influence of individual characteristics on the preferences for P2P energy trading. With
a growing interest in P2P energy trading, private sector companies are increasingly
looking to develop real-world cases of P2P energy trading. This study shows how
individual characteristics like age and household income affect preferences to partic-
ipate in P2P energy trading markets within a residential setting in a developing country
with an unreliable electricity supply. Specifically, the finding that older and more afflu-
ent people are more interested in buying energy from the P2P energy trading platform
suggests that the benefits of purchasing power from neighbours should be showcased
to them.

Conversely, the findings that younger and less affluent households prefer to sell ex-
cess power to neighbours within this sample suggest that they could be targeted by
showcasing the benefits of selling excess energy to neighbours on a P2P platform.
The findings demonstrate the need for a nuanced approach within contexts where
individuals might be motivated to participate in community-based energy trading for
financial gain and other considerations, such as independence from the electricity grid.
Private sector players need to take this into account when considering ways to moti-
vate estate residents to participate in energy trading systems, including through busi-
ness models, ICT platforms, etc.

7.3. Reflections and Limitations of the study
Over the course of the PhD, | endeavoured to follow a detailed process to design and
implement the study based on guidance from the literature, for example (Johnson et
al., 2013; Terris-Prestholt, Quaife and Vickerman, 2016; Johnston et al., 2017). As
this study used a mixed-method approach, efforts were made to ensure the robust-
ness of each phase of the study. For example, the qualitative phase involved a de-

tailed process ranging from conceptualisation of the research problem, identifying the
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appropriate experts to interview, in this case, real estate agents, designing the inter-
view questions guide, seeking interviews with the real estate agents, taking notes and
transcribing the interviews, coding the interviews in Nvivo, analysing the interviews to

develop themes, and writing up the results.

Similarly, the quantitative phase involved designing the survey, with a specific empha-
sis on designing the DCE. Designing the DCE involved learning how to code in soft-
ware | had not used before (R Software). The quantitative phase also involved identi-
fying study participants, reaching out to the estates, seeking consent to participate in
the residential estate meetings, hiring and training survey enumerators, conducting a
pilot survey, carrying out the surveys, and coding the data into spreadsheets for anal-
ysis (in SPSS). After the data collection phase, converting the raw survey data from
SPPS to R to align with the DCE experimental design and then conducting the statis-
tical analysis in Stata. The quantitative analysis involved running various econometric
models to generate the insightful results presented in Chapters 5 and 6 of the thesis.
In both phases, | also sought and received separate ethical approvals to conduct the
interviews, which involved extensive documentation preparation, such as the informed

consent forms, participant information sheets, etc., available in the appendix.

Notwithstanding the efforts to follow a thorough process, some things did not go ac-
cording to plan; therefore, the findings in this study have some limitations, which are

acknowledged below.

The qualitative interviews could have accommodated more diverse views and bene-
fited from a larger sample. This could have included identifying and reaching out to
more female real estate agents through snowballing. Furthermore, the qualitative in-
terviews could have captured views from a sub-sample of actual respondents in addi-
tion to the real estate agents. This would have given a well-rounded perspective on
the nature of backup energy usage in households and further enriched that chapter.

A larger sample of respondents could have also enriched the diversity of opinions and
views. The interviews should have had an expanded coverage in terms of the inter-

view respondents to include the homeowners themselves. The interviews could have
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considered other topics, such as the affordability of backup energy systems as it re-
lates to different types of houses and homeowners. Similarly, the interviews could
have further honed in on understanding the possible benefits of solar PV and P2P
energy trading systems that Nigerian consumers would be interested in and the pref-
erences for different types of solar PV and P2P applications: Furthermore to inform
the development of policy recommendations, the interviews could have considered
the topic of government policies and incentives, particularly, to understand the impact
of various policies and incentives on preferences for solar PV in Nigeria and how this

can help to inform the design and deployment of solar PV systems.

The pilot survey received a low number of respondents (9), which affected efforts to
generate priors that could have informed a more robust experimental design, as ex-
plained earlier. In hindsight, to mitigate this low turnout, | could have designed the pilot
survey to include several estates, such that | would have been able to get a larger

sample for the pilot.

On the DCE, using a D-efficient or Bayesian efficient experimental design might have
improved the efficiency of the experimental design of the choice experiment. Three
options were considered in determining the specific experimental design to use in this
study. The Orthogonal design minimises correlations between attribute values to zero.
The D-efficient design minimises all co-variances of all parameter estimates. The
Sample efficient (s-efficient) design minimises the sample size needed to obtain sta-
tistically significant parameter estimates (Rose and Bliemer, 2009, 2013).

Recent developments in DCE design literature have shown that compared with the
orthogonal design employed in this study, these ‘efficient’ designs offer more reliable
parameter estimates when informed by prior information. The prior information can be
based on existing literature or a pilot study with prior model estimates. However, the
orthogonal method is most appropriate for studies without prior model estimates. Due
to financial and logistical constraints at the time of designing the DCE, | could not
afford the Ngene software, which is typically used in the literature to design D-efficient
DCEs. After creating the DCE using the orthogonal method in R and administering the

DCE, | became aware of free user-written commands in Stata, such as dcreate by
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Hole (2017). Furthermore, although the DCE was piloted among a small sample of
nine respondents in an estate in Ibadan, the initial model estimates derived were not
so informative to inform the use of a D-efficient design. The Bayesian efficient design

is another advanced design that could have been used in hindsight.

Another shortcoming of the DCE used in this study was the inability to include con-
sistency checks. These involve the development of specific choice sets to check that
the respondents’ preferences exhibit specific theoretically desirable properties (John-
son et al., 2009; Varian, 1992). These properties include transitivity, monotonicity, sta-
bility and dominance. Tests for behaviour in line with these axioms could have been
incorporated into the design of a DCE to check for its internal validity. Another limita-
tion is also related to the backup attribute of the DCE, which included levels of &#2m,
when upfront prices for solar systems to power a standard two-bedroom home cost

around &#1m at the time, as seen in Section 5.3.1.

The survey responses could have also been affected by some self-selection bias, as
people that attend estate meetings were more likely to complete the survey, and some
confirmatory bias, as these respondents were likely to confirm the research hypothe-
ses. However, to mitigate these biases, | have strived to be transparent about the
selection process. A nationally representative sample might have increased the gen-
eralisability of the findings; however, logistical and financial constraints limited the

study to just one city in Nigeria.

A larger pre-test of the survey would have improved the quality and reliability of the
survey, as it would have been used to obtain more precise priors, which could have
informed the use of a D-efficient design, and would have been a more efficient design
option for the DCE. Similarly, the larger pre-test would have been helpful to further
validate the survey instrument, including testing the wording and formatting of ques-
tions, as well as the overall structure and flow of the survey. The WTP analysis might

have benefited from a comparative analysis such as the contingent valuation method.

On attribute selection, given the nascent nature of P2P energy trading, in hindsight,

this study's P2P energy trading aspects might have benefited from a standalone DCE

159



where preferences for specific attributes of P2P energy trading were investigated. This
would have the study focus on other aspects of P2P energy trading beyond buying
and selling, which were the levels of the energy trading attribute in the DCE. The study
could have also possibly used a single cost attribute for simplicity purposes. Similarly,
using a separate attribute for noise pollution and another for air pollution would have
been useful to disentangle the effect of each of these types of pollution associated

with the use of petrol and diesel generators.

The study could have also benefited from a further qualitative phase after the DCE.
This qualitative phase could have involved focus groups or interviews, which would
have been useful for further validating the survey results, such as the findings on the
benefits of participating in P2P energy trading. The triangulation of the qualitative and
guantitative data would have been useful in providing a more comprehensive answer
to the research questions. Similarly, the survey could have benefited from member
checking by comparing the results of the survey with the perceptions and experiences
of the research participants. This would have helped to ensure that the findings accu-

rately reflect the experiences and perspectives of the participants.

7.3.1. Reflections on the dichotomy between interest in buying and sell-
ing and system balance

A wider implication of this study is that it appears that the varying interests of different
social groups in buying and selling energy could have various outcomes in terms of
the balance of the system. As seen in this study, there are different social groups with
varying interests in buying and selling energy, and these interests can have various
outcomes on the electricity system. Some potential outcomes include the effects on
demand for P2P energy trading and energy more broadly. For example, a group of
residential customers may have different energy needs than a group of industrial cus-
tomers, and this can impact the demand for P2P energy trading. Similarly, various
social groups may have different financial resources and incentives to invest in renew-
able energy sources, which can affect the adoption of renewable energy technologies.

Wealthy individuals may be more likely to invest in solar panels than a group of low-
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income individuals, which can impact the overall adoption of renewable energy and
participation in P2P energy trading. Furthermore, there might be different social
groups with varying political power and influence, which can affect energy policy and
regulation as it relates to P2P energy trading. Thus, the varying interests of different
social groups in buying and selling energy can have complex and multifaceted impacts
on the electricity system, and it is important to consider the needs and interests of all

stakeholders in order to ensure a fair and effective P2P energy trading system.

Another emergent issue from this study seems to be that selling energy into the grid
needs to become more attractive. The attractiveness of selling excess electricity to
the grid will depend on a combination of economic, technological, and policy factors.
On the economic factors, there is a need for financial incentives to make selling at-
tractive. Governments and utilities may offer financial incentives, such as feed-in tariffs
or net metering, to encourage individuals to sell excess electricity to the grid. These
incentives can help to offset the costs of producing and selling electricity and make it
more financially attractive for individuals to participate. On the technological side,
there is a need for improved grid infrastructure, such as the need for smart meters
that allow for two-way communication. Smart meters that are designed for two-way
interaction can provide flexibility benefits compared to traditional meters that only al-
low one-way communication. The reliability of grid infrastructure capable of handling
excess electricity can make it more attractive for individuals to sell excess electricity
to the grid. On the policy side, as outlined above, government policies that support the
adoption of renewable energy, such as subsidies or tax credits, can make it more
attractive for individuals to sell excess electricity to the grid. By addressing these fac-
tors, stakeholders in the energy sector, such as policymakers and utilities, can help to

make it more attractive for individuals to sell excess electricity to the grid.

7.4.Agenda for future research
Whilst this study has presented evidence on the preferences of residential electricity
consumers in estates to use clean & quiet forms of backup electricity, notably solar
PV and interest in P2P trading of energy, there is a need for further complementary

work to encourage the development of clean, quiet residential estates. This can
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include further studies and consultations by real estate developers and estate associ-
ations on improvements to local estate regulations and changes to lease agreements

to make such clean estates attractive to prospective homeowners.

The DCE literature would also benefit from more nuanced studies from developing
countries to help inform priors. This can aid in better DCE design for researchers and
practitioners in developing countries that might be resource constrained, with devel-
oping efficient DCEs, which are often time and resource intensive. Furthermore, given
that energy access is still an important policy issue in Africa, other studies can apply
DCEs in the areas of energy access and affordability. Such DCEs could be used to
understand how people in Africa make decisions about energy access and affordabil-
ity, including choices between different types of energy sources and different levels of
service. This could help policymakers and utilities to design more effective and equi-
table energy access programs. Furthermore, given the important role that energy stor-
age would plan in facilitating increased adoption of renewables and P2P energy trad-
ing, other studies can examine the use of DCEs to understand how people in Africa
and other developing countries would make decisions about energy storage and dis-
tribution, including choices between different technologies and strategies for manag-
ing the grid. This can inform the estimates of willingness to pay for energy storage and
help policymakers and utilities to design more efficient and reliable energy systems.

To advance P2P energy trading, further research on the economic, legal, regulatory
and technological aspects of P2P energy trading is needed in Nigeria. Further re-
search could examine if residents will still be keen on buying energy from a P2P plat-
form managed by an estate developer. Researchers can also explore the scope for
adjustments to Nigeria's feed-in tariff for renewables to accommodate P2P energy
trading aspects and identify legal instruments that can be used to incentivise partici-
pation further. The viability of a P2P energy trading system is dependent on having
enough participants willing to trade electricity. Therefore, estimates of WTP for P2P
energy trading in Nigeria are an area that can be explored further. Researchers can
also evaluate the appropriateness of various technology platforms (e.g., blockchain)

for P2P energy trading in this context.
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Furthermore, other studies can expand on the assessment of underlying motivations
and values that drive autarky preferences for P2P energy trading by considering the
use of experimental economic games among homeowners in developing countries
like Nigeria to test the preferences of individuals for self-sufficiency and trade. This
would expand on the findings of the literature review identified in Section 2.2 on the
limited nature of real-world applications. The experimental games with homeowners
(rather than simulations, or students, as is the case with many of these games) can
be useful to identify the conditions under which individuals or groups are more or less
likely to prefer autarky. Results from such games can also inform economic modelling
to simulate the effects of different P2P trading scenarios for individuals or levels of
self-sufficiency on homeowners’ energy supply. Such modelling work can help to iden-
tify the costs and benefits of different levels of autarky and inform household decision-
making. Finally, other studies can examine temporal aspects of P2P energy trading,
mainly how preferences for P2P energy trading in Nigeria might vary at different times
of the year. Such research can include exploring seasonal variations in potential trad-
ing patterns, e.g., during the rainy season, where lower solar radiation is expected,

versus the dry season, where higher solar radiation can be expected.

7.5.Conclusion
In summary, this thesis has focused on the personal benefits of a clean local environ-
ment that solar energy can provide. The thesis findings that consumers are interested
in dwelling in estates that only permit cleaner backup alternatives, including solar and
inverters, compared with the status quo option of dwelling in estates with petrol or
diesel generators. This reveals an opportunity to develop and market clean, quiet es-
tates that appeal to people concerned about the health impacts of generator use. The
study also finds that consumers are interested in P2P energy trading, with differences
in preferences for selling and buying excess electricity from neighbours. Furthermore,
the thesis also finds that autarky aspirations and financial benefits are key factors that

influence participation in energy trading.
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APPENDIX

Appendix Al: Multinomial Logit Model (MNL)

Further analysis in this appendix contains the Multinomial Logit Model (MNL), also
known as the Conditional Logit (CL) model, which is very common in DCE studies
(Scarpa and Willis, 2010; Alem et al., 2016; Sagebiel, 2017; Sarrias and Daziano,
2017). The MNL model is used to analyse the choice of a home based on its attributes
and to check the effects that these attributes have on systematic/deterministic utility.
One of the shortcomings of the MNL model is the IIA assumption which restricts the
ability of the model to capture unobserved preference heterogeneity. This IlA re-
striction of the MNL specifies that the odds of the probability of choosing one class
(set of alternatives) over another are independent of the wider set of alternatives in
the choice set. In addition to the IIA assumption of the MNL model, it also assumes
homogeneity in preferences among all respondents; that is, utility functions are the
same for all respondents, which is quite unrealistic in practice because individuals
have different preferences. However, as discussed earlier, the estimation would com-
mence with the simple MNL before moving to other models that address these short-
comings. This is particularly important as subsequent models rely on the choice prob-
ability in the MNL but relax the 1lA assumption.

Based on the operationalisation of the Random Utility Model (RUT) by Ben-Akiva and
Lerman (1985), who provide a theoretical background for discrete choice models;

then;
Unp > UpVj # i .. (3)

e Where Uy, is the highest utility of the chosen alternative and Uj,, are the other
alternatives in the choices set C,, that the individual n can choose from.

e As stated earlier, the utility of the chosen alternative has both an explainable
systematic component and an unexplainable random part. This is expressed in

equation form below

Uin = Vin+ Ein (4)
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e Where Uy, is the unobserved utility that an individual n derives from an alterna-
tive i
e U, is the systematic, explainable component of the utility from alternative i,

e &, Is the random component of the utility from alternative i.

Due to this random component, the probability that an individual will choose a certain

alternative can be calculated; however, the exact choice cannot be calculated.

The systematic component can then be modelled as the sum of part-worth utilities that
depend on the various attributes and their respective levels, and this is expressed in
equation 5 below. This equation shows that the systematic utility of an alternative V;,

sums part-worth utilities.
Vin = Bo+ B1Xin1 + B2 Xing + -+ + Br Xink = X Br Xink .. (5)

e Where x;,, Is the level value of an attribute represented by parameter k for
alternative i that is available in the choice set of respondents n

e [ represents the parameter that shows the contribution of parameter k on the
utility of the alternative. An example of this attribute can be having a specific
form of backup electricity, such as a PV system or a generator.

Based on the attributes in this study, the systematic component can be characterised

as

Vin = Bo+ pP1Backup;,1 + B, Pollution;,, + B3 Energytrading;,s +
P4 Houseprice in4 + PBs Backupprice;,s ... (6)

A system of equations, as shown below, allows the estimation of g, and these esti-
mates can be used to predict the probability P that alternative i will be chosen from
choice set j. This probability is calculated as the exponential value of the systematic
component of the alternative i divided by the sum of the exponential value of the sys-

tematic utility (V/;,) for all the alternatives.

eBk Xink eVin

P(ilj) = > = Vj#i . (7)

i,jeﬁk jnkyePr¥ink ;e in+eVin’
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The unknown parameters are estimated using the maximum likelihood technique. For
a given sample of N independent observations, the log-likelihood function is written

as:
InL = g:l ZieS dinlnpn(i)r (8)

e Where d;, is an indicator variable equal to 1 if the individual n selects alterna-

tive | and 0 otherwise.

By maximising the log-likelihood function, parameter estimates are obtained (Wittink,
2011).

The coefficient interpretation for alternative i is that in comparison to the base alterna-
tive, an increase in the independent variable makes the selection of alternative i more
or less likely. The marginal effect of an increase of a regressor on the probability of

selecting an alternative.

The MNL model is typically estimated with alternative invariant and alternative variant
regressors such that the probability that an observation i will choose alternative j is
exp(x{jﬁ+w£yj)

PijZP(J’iZJ):Zm ... (9)

- exp(xgjkﬁ +w£yk)

e Where x;; are alternative specific regressors and w; are individual-specific re-

gressors

The alternative-specific constants capture the mean of the error term for the utility of
an alternative in a choice model. In other words, they measure the average effect of
all the factors that are not included in the model on utility. The alternative invariant or
alternative specific regressors vary over the individual and the alternative. For exam-
ple, prices for the products vary for each product, and individuals may also pay differ-

ent prices. It is used in the conditional and mixed logit models. A good pseudo-R-
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square for MNL ranges between 0.2 and 0.4.4> The magnitude of coefficients from a
logit regression has been reported to possess little direct interpretive value (Hensher,
Rose and Greene, 2005). However, the coefficient sign is very informative; it repre-
sents whether a given attribute negatively or positively affects the choice of an alter-

native.

As the conditional logit models are no longer state-of-the-art in choice modelling, this
study employs discrete choice models that relax 1A and other assumptions of the MNL
and allow the model coefficients to vary over individuals by including stochastic com-

ponents.

Table A-1 reports the results of the Conditional Logit Model base model. The base
model specification contains only DCE attributes and excludes individual-specific var-
iables such as individual characteristics. The second model specification in Table A-2
contains individual-specific characteristics like age, gender, and satisfaction with the
electricity supply from the local utility. The y? statistics show that all the estimated
models are statistically significant at the one per cent level. All DCE attribute coeffi-
cients are statistically significant in the base model, and the attribute coefficient signs
are as expected. The non-cost attributes, backup, no pollution and energy trading all
have positive coefficients suggesting that respondents prefer homes in estates with
cleaner backup options (solar and inverter), no pollution and the ability to trade energy
among neighbours. The negative coefficient from the cost parameters means that, as
expected, increases in house price and backup price reduce the probability of an al-

ternative being chosen.

45 1t is noted that the multinomial logit (ML) model is like the Conditional Logit (CL) model. By definition, the
systematic component of utility in the ML model depends on variables that are specific to the individual (e.g.,
gender, age, and income), whereas in the CL model, it depends on variables specific to the given alternative.
Practically, the systematic component of utility is frequently modelled to be dependent on both individual- and
alternative specific variables. Therefore, the model names are frequently confused (Aizaki, Nakatani and Sato,
2014).
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Table A-1: Estimation Results, Conditional Logit — Base Model

Attributes Coeff. (Std. Err.)
Backup (solar and inverter) 0.172** 0.073

No Pollution 0.764*+* 0.082
Energy trading (Buying and selling) 0.376*** 0.071
House price -0.014** 0.005
Backup price -0.725*** -0.097
Alternative Specific Constant (ASC) 2.026*** 0.245

N 6,549

Log-likelihood -1916.606

Prob>chi? 0

*Significant at 10% **Significant at 5% *** Significant at 1%

The second estimated model in Table A-2 includes individual-specific variables to de-
rive inferences about the influence of individual characteristics on choice*¢. However,
these were insignificant except in the highest income category (above &1m). Despite
the insignificance of the individual-specific variables, they still convey some interesting
findings about the preferences of individuals within the sample. The age coefficient
signified that older respondents were more likely to pick a cleaner estate. Regarding
gender differences, the results suggest that female respondents within the sample are
more likely to select a cleaner option than male respondents. The results for the vari-
able depicting household size were not consistent. In option A, the result is positive,
whilst the result is negative in option B. The variable characterising households with
children is also positively associated with but also not found to be a significant predic-
tor of house choice. Table A-2 is presented below.

46 |t should be noted that the coefficients of the individual specific variables are estimated compared to the status
quo alternative (option C) and are interpreted in this manner
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Table A-2: Estimation Results, Conditional Logit — Model 2

Attributes Coeff. (Std. Err.)
Backup (solar and inverter) 0.192** 0.08
No Pollution 0.829%** 0.09
Energy trading (Buying and selling) 0.413*** 0.079
House price -0.014** 0.006
Backup price -0.783*** 0.105
Individual specific variables

Age 0.145 0.119
Female 0.506 0.315
Household income (>&1m) 15.261%** 0.095
Household head education 0.15 0.34
Household size 0.033 0.297
Households with children 0.349 0.355
Alternative Specific Constant (ASC) 0.749 1.159
N 5,583

Log-likelihood -1592.562

Prob>chi? 0

*Significant at 10% **Significant at 5% *** Significant at 1%
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Appendix A2: Interview Participant Information Sheet

Participant Information Sheet

Title of Project: Assessing consumers’ decision to adopt backup solar energy in
Nigeria

You are invited to take part in this research by researchers at the University College London. Before
you decide whether to take part, please read this information sheet carefully. If you have any questions,
please ask the student researcher on the contact details below.

Name: Ayooluwa Adewole

Work Address:

What is the research about?

In block of flats and housing estates, having a backup electricity supply from solar energy can be better
than having every household using diesel or petrol fired backup generators.

This research seeks to understand the factors that would motivate people to rent a home with backup
solar energy instead of using diesel or petrol fired generators in Nigeria.

The study would help us understand how much people want to pay to rent homes with backup solar
energy in Nigeria.

Who is conducting the research?

Ayooluwa Adewole is conducting this research as part of his PhD course in the Bartlett School of En-
vironment, Energy and Resources at University College London. Michelle Shipworth, from The En-
ergy Institute, is supervising the research. Ayooluwa is an energy economist with interests in renewa-
ble energy and working experience as a research assistant at the Centre for Petroleum, Energy Eco-
nomics and Law, University of Ibadan, Nigeria.

Why have | been invited?

You have been chosen for this research because you are a real estate agent who is an expert on the
housing industry in Nigeria.

Do | have to take part?
It is completely up to you to decide whether or not to take part in this research. You can withdraw your

consent at any time. If you withdraw your consent, you do not need to give a reason, and it will not
disadvantage you in any way.

What will happen to me if | take part?
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If you decide to take part, Ayooluwa Adewole will call you to arrange a convenient time and place to be
interviewed. The interview will take between 30 minutes to an hour and will be audio recorded. The
audio and/or video recordings will be used only for data analysis, although your words may be quoted
for illustration in my dissertation, conference presentations and publications. However, it would not be
possible to identify you from the words or sentences quoted. No other use will be made of them without
your written permission, and no one outside the project will be allowed access to the original recordings.

What are the possible disadvantages and risks of taking part?
There are no associated risks associated with taking part in this research.
What are the possible benefits of taking part?

Whilst there are no immediate benefits for those people participating in the project, it is hoped that this
work will aid in understanding how much people are interested in renting homes with backup solar
power, which can be useful to landlords looking to develop new building projects as well as future
marketing strategies to clients of your company.

Will my taking part in the study be kept confidential?

All the information we collect will be treated as confidential and will only be shared with the research
team (Ayooluwa Adewole, Michelle Shipworth). Any information that we collect from you will be stored
on a secure UCL file store and will be processed in accordance with Data Protection legislation. Your
anonymised interview data will be stored separately on a password protected UCL computer. The audio
files of the interviews will be destroyed after the study. You will not be able to be identified in any reports
or publications [unless you have expressly given your permission to this].

What are the limits to confidentiality?

Assurances on confidentiality will be strictly adhered to unless evidence of wrongdoing or potential
harm is uncovered. In such cases, the University may be obliged to contact relevant statutory bod-
ies/agencies.

What will happen to the results of the research?

The main output of this research will be an MPhil/PhD Upgrade Research Report and a PhD Thesis,
although it is possible that the results will be included in reports, presentations, and/or academic pa-
pers.

Will my or my organisation’s identity be revealed in the research outputs?

Your insights will either be summarised or quoted in a way that will not disclose your identity or the
identity of your organisation to others outside the study. If there is any chance that the summary or
guote could be linked back to you or your organisation, we will check with you before including it in the
Dissertation, report, presentation or paper.

Data Protection Privacy Notice
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Information collected in this study will be processed only for the purposes outlined in this information
sheet and only so long as required for this research project. It will be stored on my UCL Filestore @UCL
central file storage and will only be used by me and my supervisory team. The data controller for this
project will be University College London (UCL). The UCL Data Protection Office provides oversight of
UCL activities involving the processing of personal data. The Data Protection Officer, _ can
be contacted at

Who can | contact for further information?

If you have questions or want more information on the research, please contact Ayooluwa Adewole on

Who can | contact to complain or express my concerns about this research?

If you are concerned about any part of this research or your participation, please contact the Supervisor,
the Dissertation Coordinator and/or the Director of Ethics at the UCL Bartlett School of Environment,
Energy and Resources:

e Supervisor: Michelle Shipworth,_
e Energy Institute Ethics Coordinator: Mike Fell _

If you are concerned about how your personal data is being processed, please contact the UCL Data
Protection Officer: | | | | | | | SEEEEEEE. ' you remain unsatisfied, you may wish to contact the
Information Commissioner’s Office (ICO): https://ico.org.uk/for-organisations/data-protection-re-
form/overview-of-the-gdpr/individuals-rights/
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Appendix A3: Interview Informed Consent Form

Project Title: Assessing consumers’ decision to adopt backup solar energy in Nigeria

Researcher: Ayooluwa Adewole

Supervisor: Michelle Shipworth

Participant’s statement:

| confirm that:

>

>

Participant’s Name

Participants Signature Date

I have read and understood the Participant Information Sheet and had the opportunity to
ask questions.

| understand that participation is entirely voluntary. If | decide | no longer wish to take
part in this research, | can withdraw at any time, without giving a reason, and any data |
have provided will not be used.

| agree to be interviewed as outlined on the Participant Information Sheet.

| agree for the interview to be recorded as outlined on the Participant Information Sheet.

| understand that the information from this interview will be treated as strictly confidential
(only shared with the research team), will be securely stored and will be handled in ac-
cordance with Data Protection legislation.

I understand that quotes or summaries from the interview will not disclose my identity or
the identity of my organisation and that if there is any chance that the summary or quote
could be linked back to me or my organisation, you will check with me before including it
in any output.

Researcher’s name

Researcher’s Signature Date

Two copies of this form should be signed — one for the participant to keep and one for the researcher.
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Appendix A4 Interview Question Guide

The aim of this exploratory Interview Guide is to gather information through interviews and discussions

sessions with stakeholders on the adoption of solar PV installations in blocks of flats and urban multi-

occupant buildings in Nigeria, as part of a study on the role of the adoption of solar energy in Nigeria.

n

© N o o kM w

10.

11.

12.

What type of buildings do you have available for clients to rent out?

Are they usually such that it is just one household living in the building or numerous households
living in the building?

What attributes of rental homes do you showcase to your clients?

What considerations do your clients (renters) ask about when deciding to rent a home?

Do you discuss the sources of backup electricity supply with your clients?

How do you think your clients would respond to the possibility of backup electricity?

What type of requests do your clients make about energy availability for the house they want to rent?
Do your clients discuss the hours of electricity supply they would prefer to have on average in a
day?

Does the number of hours of electricity supply affect the demand for certain rental locations?

What kinds of discussions do you have with clients around the need/possibility of having a backup
electricity supply?

Do your clients discuss any forms of pollution as a factor when looking out for a place to rent?

In your opinion, do you think your clients would be interested in paying higher rents for solar-powered
backup energy
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Appendix A5: Email/Letter to Interview Participants

Dear

My name is Ayooluwa Adewole, and | am a PhD student at University College London in the UCL
Energy Institute. | am undertaking research into solar energy adoption among urban Nigerian House-
holds under the supervision of Michelle Shipworth. Given your relevant experience in this field, | would
like to invite you to take part in my research.

Before you decide whether or not to take part, please read the attached Participant Information Sheet.
It provides a brief overview of the research and explains what participation involves.

If you have any questions before you decide whether or not to take part, please do contact me at

. If you are concerned with any part of this
research or your participation, please contact my Supervisor, and/or Coordinator and/or my Depart-
ment’s Director of Ethics. Their contact details are included in the attached Participant Information
Sheet.

Thank you for your time and your consideration.

Kind Regards

Ayooluwa Adewole

Supervisor: Michelle Shipworth
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Appendix A6: Survey invitation letter

The Chairman,

Dear Sir/Madam,
REQUEST FOR RESEARCH SURVEY PARTICIPATION

My name is Ayooluwa Adewole, and | am a PhD student at the Energy Institute, University College
London. | am undertaking research into solar energy adoption among Nigerian Households living in
estates under the supervision of Michelle Shipworth. | would kindly like to administer my survey ques-
tionnaire to residents in your estate during the monthly association meetings between June and August
20109.

With your consent, during the meeting, the questionnaires will be distributed to members present, and
research assistants will be available to explain or clarify any sections of the questionnaire that may be
difficult for participants to understand.

The survey questionnaire will ask residents about their views on various forms of backup electricity
such as generators, inverters and solar systems. When filling out the questionnaire, participants will
also be tasked with choosing among various homes in an imaginary new estate. Finally, demographic
information regarding participants will also be collected with the questionnaires. The questionnaire
would take between 15-20 minutes to complete.

However, if certain participants are unable to complete the questionnaire at the meeting, they can take
it home after the meeting to complete it. With consent, the research team will then collect mobile phone
contact details and arrange a convenient time and pick up the completed questionnaire.

The information from the questionnaire will be used only for data analysis, and findings from the anal-
ysis will be presented in my PhD thesis, conference presentations and publications. However, it would
not be possible to identify any resident from the analysis. No other use of the information will be made
without written permission. Furthermore, no one outside the project will be allowed access to the origi-

nal questionnaires. The data collected from this study will be strictly confidential, securely stored and
protected in line with the European Union’s General Data Protection Rules and Guidelines.

If you have any questions further questions regarding this research, please do contact me at
H. If you are concerned with any part of this

research or the participation of your
estate residents, please contact my Supervisor, Michelle Shipworth ﬂ

Thank you for your time and your consideration.
Kind Regards

Ayooluwa Adewole

Appendix A7: Survey Participant Information Sheet
THE BARTLETT SCHOOL OF ENVIRONMENT, ENERGY AND RESOURCES
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Participant Information Sheet
UCL Research Ethics Committee Approval ID Number: Z6364106/2019/05/114 social research

Title of Project: Adopting Solar PV for Backup Electricity in Nigerian Residential
Estates

You are invited to take part in this study by researchers at the Energy Institute, University College

London. Before you decide whether to take part, please read this information sheet carefully. If you

have any questions, please ask the student researcher on the contact details below.

Name: Ayooluwa Adewole

Work Address:

What is the research about?

In block of flats and housing estates, having a backup electricity supply from solar energy can be better
than having every home using diesel or petrol fired backup generators because of the noise and smoke
from generators.

This research seeks to understand the things that influence people’s decisions on getting a home with
backup solar energy instead of using diesel or petrol fired generators in Nigeria.

The study would help us understand people’s decisions for using backup solar energy in Nigeria.

Who is conducting the research?

Ayooluwa Adewole is conducting this research as part of his PhD in Energy at the Bartlett School of
Environment, Energy and Resources at University College London.

Michelle Shipworth, from the UCL Energy Institute, is supervising the research. Ayooluwa is an energy
economist with interests in renewable energy and prior experience as a research assistant at the Centre
for Petroleum, Energy Economics and Law, University of Ibadan, Nigeria.

Why have | been invited?
You have been chosen for this research because you are living in a residential estate in Ibadan, which
is the chosen location for this study.

Do | have to take part?

It is completely up to you to decide whether or not to take part in this research. You can withdraw your
consent at any time. If you withdraw your consent, you do not need to give a reason, and it will not
disadvantage you in any way.

What will happen to me if | take part?

If you decide to take part, research assistants on this project will join you in your monthly association
meeting to administer the questionnaire. When filling out the questionnaire, you will be tasked with
making a choice among various homes in a new estate. The questionnaire would take between 15-30
minutes to complete. If you are unable to complete the questionnaire at the meeting, you can take it
home after the meeting to complete it. With your consent, the research team will take your mobile phone
contact details and arrange a convenient time and pick up the completed questionnaire.

The information from the questionnaire will be used only for data analysis, and findings from the anal-

ysis will be presented in my PhD thesis, conference presentations and publications. However, it would
not be possible to identify you from the information provided. No other use of the information will be
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made without your written permission. Furthermore, no one outside the project will be allowed access
to the original questionnaires.

What are the possible disadvantages and risks of taking part?
There are no associated risks associated with taking part in this research.

What are the possible benefits of taking part?

Whilst there are no immediate benefits for participating in the project, it is hoped that this work will aid
in understanding how much people are interested in renting homes with backup solar power, which can
be useful to landlords looking to develop new building projects.

Will my taking part in the study be kept confidential?

All the information that we collect about you during the research will be kept strictly confidential. You
will not be able to be identified in any ensuing reports or publications. Any information that we collect
from you will be stored on a secure UCL file store and will be processed in accordance with Data
Protection legislation. Your anonymised interview data will be stored separately on a password pro-
tected UCL computer. You will not be identified in any reports or publications [unless you have ex-
pressly given your permission to this].

What are the limits to confidentiality?

Assurances on confidentiality will be strictly adhered to unless evidence of wrongdoing or potential
harm is uncovered. In such cases, the University may be obliged to contact relevant statutory bod-
ies/agencies.

What will happen to the results of the research?
The main output of this research will be a PhD Thesis, although it is possible that the results will be
included in reports, presentations, and/or academic papers.

Will my identity be revealed in the research outputs?

Your insights and the information in the questionnaire will either be summarised or quoted in a way that
will not disclose your identity to others outside the study. If there is any chance that the summary or
information could be linked back to you, we will check with you before including it in the PhD thesis,
report, presentation or paper.

Data Protection Privacy Notice

Information collected in this study will be processed only for the purposes outlined in this information
sheet and only so long as required for this research project. It will be stored on my UCL Filestore@UCL
central file storage and will only be used by me and my research team. The data controller for this
project will be University College London (UCL). The UCL Data Protection Office provides oversight of

UCL activities involving the processing of personal data. The Data Protection Office can be contacted
at ﬂ

This ‘local’ privacy notice sets out the information that applies to this particular study. Further infor-
mation on how UCL uses participant information can be found in our ‘general’ privacy notice: For par-
ticipants in research studies, see https://www.ucl.ac.uk/legal-services/privacy/ucl-general-research-
participant-privacy-notice

The information that is required to be provided to participants under data protection legislation (GDPR
and DPA 2018) is provided across both the ‘local’ and ‘general’ privacy notices.

The lawful basis that will be used to process your personal data is ‘Public task’ for personal data.

Your personal data will be processed so long as it is required for the research project. If we are able to
anonymise or pseudonymise the personal data you provide we will undertake this and will endeavour
to minimise the processing of personal data wherever possible.

You have certain rights under data protection legislation in relation to the personal information that we

hold about you. These rights apply only in particular circumstances and are subject to certain exemp-
tions such as public interest (for example, the prevention of crime). They include:
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The right to access your personal information;

The right to rectification of your personal information;

The right to erasure of your personal data;

The right to restrict or object to the processing of your personal data;

The right to object to the use of your data for direct marketing purposes;

The right to data portability;

Where the justification for processing is based on your consent, the right to withdraw such
consent at any time; and

e The right to complain to the Information Commissioner’s Office (ICO) about the use of your
personal data.

Who can | contact for further information?

If iou have ﬁuestions or want more information on the research, please contact: Ayooluwa Adewole on

Who can | contact to complain or express my concerns about this research?

If you are concerned about any part of this research or your participation, please contact the Supervisor,
the Dissertation Coordinator and/or the Director of Ethics at the UCL Bartlett School of Environment,
Energy and Resources:

e Supervisor: Michelle Shipworth,-

o Energy Institute Ethics Coordinator:

If you are concerned about how your personal data is being processed, please contact the UCL Data
Protection Officer: ﬁ If you remain unsatisfied, you may wish
to contact the Information Commissioner’s Office (ICO): https://ico.org.uk/for-organisations/data-pro-
tection-reform/overview-of-the-gdpr/individuals-rights/
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Appendix A8: Interview Informed Consent Form

Project Title: Adopting Solar PV for Backup Electricity in Nigerian Residential Estates

Researcher: Ayooluwa Adewole
Supervisor: Michelle Shipworth

Participant’s statement:

| confirm that:
> | have read and understood the Participant Information Sheet and had the opportunity to ]
ask questions.
» lunderstand that participation is entirely voluntary. If | decide | no longer wish to take
part in this research, | can withdraw at any time, without giving a reason, and any data| [
have provided will not be used.

> | agree to fill out the questionnaire as outlined on the Participant Information Sheet. Ul
» | understand that the information from this questionnaire will be treated as confidential
(only shared with the research team), will be securely stored and will be handled in ac- Ul

cordance with Data Protection legislation.

» |l understand that quotes, findings or summaries from the questionnaire will not disclose
my identity and that if there is any chance that the summary or quote could be linked |
back to me, you will check with me before including it in any output.

Participant’s Name

Participants Signature Date
Researcher’s name AYOOLUWA ADEWOLE
Researcher’s Signature Date 25/05/2019

Two copies of this form should be signed — one for the participant to keep and one for the researcher.
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Appendix A9: Survey Questionnaire

SURVEY ON BACKUP ELECTRICITY USE IN NIGERIA Group A

Please, this section should be filled by the enumerator

Date:

Form Number:

Estate Name:

Questionnaire status

Completed

Partially completed

Refused
Other (specify)

Data entry Complete O
Incomplete O

Introduction

The aim of this survey is to determine your preference for backup energy usage and provision. Questions will also be asked
about your current use of backup energy. Please ensure to respond to the best of your knowledge. The results from this study
can be used to inform the development of relevant alternative electricity improvement projects that are tailored to meet peo-
ple’s preferences. In your answers, please consider the needs of all members of your household. Your responses to this
guestionnaire will be completely confidential.

PART A: Questions regarding electricity provision

Please answer the following questions regarding your experience with publicly provided and backup energy usage
and expenditure

1 Which of the following backup energy options do you have? Petrol Generator O
Please select all that apply Diesel Generator O
Inverter and batteries |
Solar, inverter and batteries |
None O

(If you selected “none” please skip to question 7)

2 On an average weekday (Mon-Friday), how many hours of Less than 5 hours O
backup electricity do you use? Between 5-less than 10 hours O
Please select only one answer

Between 10 hours — less than 15 hours O
Between 15hours — less than 20 hours O
More than 20 hours a day O

3 On an average day during the weekend (Saturday or Sun- Less than 5 hours O
day), how many hours of backup electricity do you use? Between 5-less than 10 hours O
Please select only one answer

Between 10 hours — less than 15 hours O
Between 15hours — less than 20 hours O
More than 20 hours a day O
4 How much do you approximately spend on fuelling your Less than N5,000 O
generator weekly? Please select only one answer Between N5,000 to less than N10,000 O
Between N10,000 to less than N15,000 O
Between N15,000 to less than N20,000 O
Between N20,000 to less than N25,000 O
N25,000 or more O

5 Have you ever turned off your generator due to noise? Yes O

Please select only one answer
No O
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6 Have you ever turned off your generator due to concerns Yes O
about the exhaust fumes? Please select only one answer

No O

7 On an average weekday (Mon-Friday), how many hours of Less than 5 hours O

electricity do you get from IBEDC (NEPA)? Please select Between 5-less than 10 hours O

only one answer Between 10 hours — less than 15 hours O

Between 15hours — less than 20 hours O

More than 20 hours a day O

8 On an average day during the weekend (Saturday or Sun- Less than 5 hours O

day), how many hours of electricity do you get from IBEDC Between 5-less than 10 hours 0O

(NEPA)? Please select only one answer Between 10 hours —less than 15 hours 0

Between 15hours — less than 20 hours O

More than 20 hours a day O

9 How many hours of electricity supply from IBEDC (NEPA) Less than 5 hours O

would you prefer to have on any given day? Please select Between 5-less than 10 hours O

only one answer Between 10 hours — less than 15 hours O

Between 15hours — less than 20 hours O

More than 20 hours a day O

10 | How much do you approximately spend on electricity from Less than N5,000 O

IBEDC monthly? Please select only one answer Between N5,000 to less than N10,000 0

Between N10,000 to less than N15,000 O

Between N15,000 to less than N20,000 O

Between N20,000 to less than N25,000 O

N25,000 or more O

PART B: Questions regarding the awareness and usage of backup energy.

Please answer the following questions regarding your experience of electricity provision in the current estate

where you reside.

To what extent do you agree with each of the following state- | Disa- Somewhat Not Somewhat Agree

ments gree disagree sure | agree

11 | Electricity availability is a very important consideration for | 1 O 20 30 40 50
me when | want to buy or build a new home.

12 | | am satisfied with the electricity service provided by | 1 O 20 30 40 50
IBEDC

13 | | consider myself to be an environmentally conscious per- | 1 [J 20 30 40 50
son

14 | | am satisfied with the stability of the power supply (such | 1 O 20 30 40 50
as less frequent power outages)

15 | | am satisfied with the availability and rollout of electricity | 1 O 20 30 40 50
meters

Please answer the following questions on your interest in alternative forms of backup energy.

To what extent do you agree with each of the following | Disagree Somewhat Not Somewhat Agree

statements disagree sure agree

16 | | am concerned about the health impacts of usinga | 1 O 20 30 40 50
backup generator

17 | | have considered buying an inverter and battery stor- | 1 O 20 30 40 50
age system

18 | | have considered buying a solar system 10 20 30 40 50
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19 | | am interested in a steady supply of electricity inmy | 1 O 20 30 40 50
home

20 | Which of the following reasons do you need to use | Entertainment (Television, radio, video player etc.) O

backup electricity for in your home? Please select all Security (e.g., to use security lights at night) 0

that apply IT (e.g., Computers, printers) O

Refrigeration (e.g., Fridge or Freezer) O

Cooking (e.g., to use an oven or microwave) O

Cooling (e.g., Air conditioner or fan) O

Domestic maintenance (e.g., Laundry and Ironing) O

where you reside.

Please answer the following questions regarding your views on pollution and health risks of using a generator

antees electricity supply, | would stop using my gen-
erator

To what extent do you agree with each of the following | Disagree Somewhat Not Somewhat Agree

statements disagree sure agree

21 | Living in a clean neighbourhood is very important to | 1 O 20 30 40 50
me.

22 | I am concerned that constant use of generators might | 1 O 20 30 40 50
affect might my health over time.

23 | | am concerned that noise from generators might af- | 1 O 20 30 40 50
fect my hearing and that of my family over time

24 | | am concerned that noise from generators might af- | 1 O 20 30 40 50
fect my neighbours over time

25 | The exhaust fumes from generators give me concerns | 1 O 20 30 40 50
regarding my health

26 | The exhaust fumes from generators give me concerns | 1 [ 20 30 40 50
regarding those in my neighbourhood.

27 | If I could have an affordable alternative that still guar- | 1 O 20 30 40 50

PART C: Interest in Energy trading

Suppose you had solar panels installed in your house and you have a service; (such as a mobile application on
your smartphone or a community-based platform) that allows you to buy and sell excess electricity generated to
neighbours. Please answer the following questions regarding how you would be interested in such energy trading
platform by stating the extent to which you agree with each of the following statements.

platform if it allows a constant supply

Please select only one option for each question Disagree Somewhat Not Somewhat Agree
disagree sure agree

28 | I would be interested in buying electricity from this 10 20 30 40 50
service if it allows me share some of the burden of
generating electricity with my neighbours

29 | | would be interested in selling electricity through this | 1 O 20 30 40 50
service if it would allow me to make some additional
money.

30 | I'would be interested in selling electricity via such ser- | 1 O 20 30 40 50
vice if it guarantees a return on my investment in buy-
ing a solar system

31 | | would be interested in selling electricity on this plat- | 1 O 20 30 40 50
form service if it is easy to get paid for the electricity
my neighbours purchase from me

32 | | would be interested in buying electricity from such | 1 O 20 30 40 50
service if it guarantees me getting electricity at a cost
lower than my current expenses on power

33 | | would be interested in buying electricity from this | 1 O 20 30 40 50
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34 | | would be interested in selling electricity on this plat- | 1 O 20 30 40 50
form if it benefits my close family and friends living in
the neighbourhood

35 | | would be interested in buying electricity from this | 1 O 20 30 40 50
platform if it means | do not have to rely on the elec-
tricity supply from IBEDC

36 | | would be interested in this service if it is user friendly | 1 O 20 30 40 50

37 | I'would be interested in investing in a solar systemthat | 1 O 20 30 40 50
allows me to use such a platform

PART D: Choosing houses
o Imagine you are buying a house in a new estate.

o  The houses vary in terms of the generator types that are allowed

o  Some of the estates do not allow petrol/diesel generators; hence there is not much noise and air pollution

o Inthis estate, you can also buy and sell electricity with people in the estate

o In addition to the price of the house itself, you also need to consider the amount you will pay upfront to buy the ba
ckup electricity type you use

o I'm now going to ask you four questions where you select your most preferred house type.

° 36. House type preference question A-1

Attributes of the house Option A Option B Option C

Backup Inverter Inverter Generator

Pollution None None Yes

Energy Trading Buying Selling Not available

House price N20M N10OM Same price of your home
Backup price NIM NIM Same price as your current generator
Most preferred type Option A O OptionB O OptionC O

(Choose one among 3)

° 37. House type preference question A-2

Attributes of the house Option A Option B Option C

Backup Inverter Inverter Generator

Pollution Low None Yes

Energy Trading Buying Buying Not available

House price N20M N10OM Same price of your home
Backup price NIM NIM Same price as your current generator
Most preferred type Option A O Option B O Option C O

(Choose one among 3)

° 38. House type preference question A-3

Attributes of the house Option A Option B Option C

Backup Solar Inverter Generator

Pollution None Low Yes

Energy Trading Buying Buying Not available

House price N10M N20M Same price of your home
Backup price N1M N1M Same price as your current generator
Most preferred type Option A O Option B O Option C O

(Choose one among 3)

hd 39. House type preference question A-4

Attributes of the house Option A Option B Option C

Backup Solar Solar Generator

Pollution None None Yes

Energy Trading Selling Buying Not available

House price N10M N10OM Same price of your home
Backup price N1M N2M Same price as your current generator
Most preferred type Option A O Option B O Option C O

(Choose one among 3)
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PART E: Respondents’ demographic and psychographic characteristics

Thank you for filling out the questionnaires so far. We would now kindly ask you to provide some information about
yourself. Please select only one option for each question

40

Gender

Male

Female

41

Marital Status

Single (never married)

Married

Divorced/Separated

Widowed

42

Do you have any children living with you/are any children living
with you

Yes

No

43

Age

18- 29

30-39

40— 49

50 - 59

60 -70

71 and above

gjgo|jo|jo|jo|jojo|jo|jo|jo|jo|jo|o|o

44

Residential area (Please state the name of the estate where you
live)

45

Average monthly household income: Please specify which of the
following represents the total monthly income of all the members
of your family in (N) (including yourself)

Less than N100,000

N100,000 to less than N250,000

N250,000 to less than N500,000

N500,000 to less than N750,000

N750,000 to less than N1million

N1million or more

Prefer not to say

46

Level of education of the household head/ highest level of educa-
tion in the household.

No formal education

Primary school

Secondary school

Polytechnic

Professional qualification

University (Undergraduate)

University (Postgraduate)

47

Household size: How many people are in your household?

1 Person

2 people

3+ People

48

Employment: What is your current form of employment?

Full time

Part-time

Employee (salary, wages)

Employer

Self-employed

Unpaid family worker

Retired

g|jgo|jg|o|jo|ojojojo|g|o|jo|jo|jo|jo|jojo|o|o|o|jo|jo|o|o
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PART F: Respondents’ views on the questionnaire and the Discrete Choice Experiment, and the overall survey

Please answer the following questions regarding your experience of filling out this questionnaire. To what extent
do you agree with each of the following statement

Disagree Somewhat Not Somewhat Agree
disagree sure agree
49 The questionnaire was too long for me 10 20 30 40 50
50 | found the questionnaire interesting 10 20 30 40 50
51 The questions in the questionnaire were very diffi- 10 20 30 40 50
cult to understand
52 The questions were quite unrealistic/not credible 10 20 30 40 50
| find the questionnaire to be very educational 10 20 30 40 50
53
Please list the questions that were particularly difficult to understand? E.g. question 37
54
55 Any other comments

END OF QUESTIONNAIRE
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Appendix A10: Nvivo Interview Theme Codes

+ Name

{) Selaradopticn

= .::) Adeption of solar energy

() Adoption is gradual

—

() Problems with adoption
(:} Solar energy adoption being driven by tenants

() Selar energy adeption by landlords

.::) Attributes of sclar energy they tell clients
.:::. Eradicating or replacing generators with Sclar energy
(:) Importance of educating clients on compromises

.::) Important decision makers in adopting solar
.:::. Landlords sometimes install solar energy if they livein the place or if it is beneficial

(:) Megative attitude of landlord towards back-up energy

.:_) Price estimate for installing solar home system

() Reascns for solar failure or poor adoption

—

() Residents having control of backup electriicity as a reason to adopt
.:::. Showcasing running fuel costs as a reasen to adopt sclar PV

() Trustworthiness

+ Name
= ':_:n Category of people renting homes
=) High income
(:) High income people renting are mostly temporary or short term residents

() Low income

Ly

() Middleincome
() Other disscussions

() Aspiration of home cwnership in Nigeria

.:_} Cost of installing the back-up energy

() Estate agents advertising facilities to tenants
.:::. importance of behavioural adaptations to energy usage and thermal comfort in homes especially in contexts wh
.::} People that want to stay in clean and queit areas

—

() Standard of solar products and consumer confidence

=] a::) Solar adoption

=] (:) Adoption of solar energy

(:) Adoption is gradual

() Problems with adoption

e

.\:) Seclar energy adoption being driven by tenants

(:) Solar energy adoption by landlords

() Attributes of solar energy they tell clients
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+ Name
= () Landlerds providing backup

.:::. Landlerd provides back-up energy but only for basic amenities like security and water

(0) Landlords willing but cannot afford

—

() Very few landlords provide back-up electricty

=-(_) Role of Government

() After sales services

I : ;
(_) Promating local solar production
£ Sy

() Subsidies

.:::. Training and technical skills

(:} Service charge included in rent for back up energy
.:::. Tenants attitude towards paying higher rents for clean and quiet back up energy
.::) Tenants might not want to have back-up electricity in the rent
=] (:} Tenants providing back up electricity themselves
=

() Provision of energy back-up; sometimes tenant, sometimes landlord

£

() Use of inverters and battery storage
() Category of pecple renting homes
2-() High income
.::) High income people renting are mostly tempoerary or short term residents

() Low income

+ Name

=] (:) Attributes of rental homes
() Accesibility

() Age of the building

() Amenities

() Building Type

() Electricity

() Facilities

() Location

() Price

() Safety and Security

() Water availability
=] (:) Back-up electricity provision

=] (:) Back up electiricity requests

(:) Tenants asking for back-up electricity
.:::. Tenants asking for electricity availability
(:) Tenants asking for specific hours of electricity

.::) Back-up electicity provision in rent
.::) Back-up electricity making buildings more attractive

=
)

E-(_) Landlords providing backup

.:::. Landlerd provides back-up energy but only for basic amenities like security and water
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Appendix All: Additional Post-Estimation Table

Table A-3: Linear regression of MXL on LCL choice probabilities

Variable Coefficient (Std. Err.)
LCLCP 1.0098 0.002
Intercept -0.0033 0.002

N 7,788

R? 0.9491

Appendix A13: Field Work Picture

Figure A-1: Example of Monthly Residential Estate Association Meeting in Iba-
dan

Source: Field work in Summer 2019
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