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 This thesis explores the increased electricity access between 2003 and 2019 in Afghanistan 

by employing two main explanatory variables – solar power and international involvement. The 

models are based on logistic regressions, investigating urban and rural areas, as well as a sample of 

the whole population. The data is survey data collected annually, by the Asia Foundation, 

throughout the country. Moreover, the thesis reinforces the literary link between electricity and 

development through human capital metrics, and several strands for future research are outlined.   

International Involvement and solar power have significant associations with electrical access, 

but the odds ratios differ according to various geographic, policy, and accessibility-related factors. 

In rural areas, individuals have a significant and robust association, in terms of access, between 

electrical access and solar power, making rural residents with solar power the most likely 

demographic to have electricity. International involvement, through development projects, also 

has a positive and significant association with electrical access in rural areas. However, it is more 

robust in urban areas than rural areas through foreign partnerships with national institutions and 

the Afghan governmental, ministerial, and state-utility policies and practices. This thesis 

contributes to research by shedding light on the transition in a country, which lacks some features, 

such as a stable government, seen as imperative to renewable transitions and electrification. 

Afghanistan can serve as a blueprint for other Least Developed Countries (hereafter LDCSs) by 

highlighting the differing motivations and processes that can accelerate a transition. 
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1. Introduction 
 

There is meaningful international participation in Afghanistan’s electrification and 

sustainable development projects. The European Union (hereafter EU) has pledged more than 1.4 

billion United States Dollars (hereafter USD) to Afghanistan over four years between 2020 and 

2024, in part to achieve ‘sustainable development’ (European Commission, 2020). This pledge 

confirms Afghanistan’s status as the chief non-EU recipient of EU funds in absolute terms 

(European Commission, 2020). Other international aid and Foreign Direct Investment (hereafter 

FDI) organisations also have significant presences in Afghanistan. The World Bank (hereafter WB) 

had by 2018 invested over eighteen billion USD in Afghanistan, with a considerable proportion 

targeting developmental and, specifically, electrification projects (Ahmadzai & McKinna, 2018; 

World Bank, 2017). This thesis quantifies the projects’ effects on electrification, alongside the 

renewable transition driven by solar power. This study uses survey data gathered nationally, looking 

at diversified factors, including electricity access and sources, to evaluate the changes and 

continuities in the Afghan socio-technical electricity regime since the 2001 coalition invasion1. 

This thesis will look at the electrification processes of Afghanistan from two perspectives: 

top-down and bottom-up. The international partners constitute the pressure from above and the 

emerging technology, solar power, the pressure from below. The pressure-focused, diversified 

approach makes the Multi-Level Perspective (hereafter MLP) ideal as a theoretical and analytical 

framework. Structurally, aid, FDI, and international involvement will be defined first. After that, 

the aim and research question will be outlined. Then, there will be an extensive literature review, 

followed by the methodological section. Subsequently, the data and analytical sections will be 

outlined, and, finally, the robustness check and conclusion will round off the piece. 

1.2 Definitions  
 

International aid and FDI will not be used interchangeably in the thesis but will be included 

within a broader overarching term: international involvement. FDI is broadly defined as a mix of 

quantifiable and unquantifiable elements such as practical know-how, technology transfers, and 

capital stocks (de Mello Jr, 1997). On a specific and financial scale, the International Monetary 

Fund (hereafter IMF) definition specifies FDI as investments in fellow enterprises, reverse 

investment, equity investment, investment in controlled or indirectly influenced enterprises, and 

 
1 This is outlined in section 3.1. 
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more (IMF, 2021)2. Conversely, the Organisation for Economic Co-operation and Development 

(hereafter OECD) defines international aid as:  

‘Grants and loans to developing countries and territories which are: (i) undertaken 

by the official sector of the donor country, (ii) with the promotion of economic 

development and welfare in the recipient country as the main objective and (iii) at 

concessional financial terms (i.e., if a loan, have a grant element of at least 25 per 

cent)’ (Tarp, 2000, p.76). 

The critical distinctions between FDI and international aid arise when monetary 

motivations are considered. As this thesis defines international involvement as the combination 

between aid and FDI, its definition becomes the introduction of foreign funds – through direct 

project investment, loans, and grants – ranging from targeted local electrification project funds to 

international aid with the explicit goal of sustainable or welfare development.  

In quantitative terms, there is a significant difference in FDI and aid contributions to 

Afghanistan. Afghanistan’s FDI contributions consistently trail other countries in the region based. 

Between 1992 and 2007, Afghanistan received around 791 million USD in FDI (Najaf & Najaf, 

2016). In 2005, Afghanistan’s net inflow of FDI was 271 million USD, the equivalent of 4.37 per 

cent of Gross Domestic Product (hereafter GDP), paling in comparison with Pakistan’s 2.2 billion 

USD (World Bank Group, 2021c). In 2019, FDI matched 0.12 per cent of Afghan GDP – due to 

a gradual increase in GDP and decrease in overall FDI sums since 2005. Figure 1 shows the 

complete timeline for FDI net inflows in Afghanistan and the neighbouring countries.  

 
2 The debate on the short- and long-term effects of FDI on countries and thus Afghanistan’s income and growth 
rate through externalities and production spillovers are beyond the scope of this piece (de Mello Jr, 1997). 



8 

 

 

Figure 1: FDI net inflows (Balance of Payments, current USD) - Afghanistan, Pakistan, Uzbekistan, and Turkmenistan, 1980-2019. Source: World 

Bank Group (2021c) 

Conversely, Afghanistan’s aid contributions have remained high. Indeed, the US donated 

6.1 billion USD in 2009 alone, which is nearly six times the Afghan government’s revenue of 1.3 

billion USD (Poole, 2011; World Bank Group, 2021b). Although aid’s recent share in 

Afghanistan’s budgets has been decreasing, it still remains high in comparison to regional amounts 

(World Bank Group, 2021c). In 2020, aid contributions were the equivalent of 42.9 per cent of 

Afghan GDP (World Bank Group, 2021b).  Therefore, FDI is comparatively less important within 

the Afghanistan context than aid contributions. Afghanistan has never received significant foreign 

investment to fuel its renewable transition specifically and lacks the frameworks, funding, and 

policies to kickstart it within national budgets (Ahmadzai & McKinna, 2018; Ershad, 2017; World 

Bank, 2017).  

The Human Capital Index (hereafter HCI), a reference point for this thesis’ analytical 

section, charts the human capital that a child born in a country can hope to attain at eighteen, 

disaggregated by sex (World Bank Group, 2021d). HCI is a valuable index in charting human 

welfare by emphasising child survival, school, and health (World Bank Group, 2021d). Child 

survival is measured through child survival probability by the age of five, school by enrolment 

rates and harmonised test scores, and health by adult mortality and the proportion of children 

under five years old without malnutrition-based growth stunting (World Bank Group, 2021d).  
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2. Aim & Research Question 
 

The study of both temporary or permanent shocks, such as radical policy changes, to 

energy variables, is vital in understanding energy consumption (Ozcan, 2013; Smyth, 2013; Smyth 

& Narayan, 2015). In this case, the coalition invasion and the subsequent investment and aid for 

economic development presented significant shocks to Afghanistan’s energy consumption. 

Moreover, studies prove that tangible implications emerge in labour and economic output through 

energy variables’ integration into the real economy and shocks to energy consumption, thus 

augmenting energy variable models' applicability (Smyth & Narayan, 2015).  

 Studying renewable energy transitions in developing countries complements the studies in 

developed countries by establishing new transition pathways, thereby challenging established 

models and assumptions (Allen, 2012; Grubler, 2012; Sovacool, 2016; Svobodova, Owen, Harris, 

Worden, 2020). In this sense, Afghanistan represents an extreme case – the country lacks critical 

infrastructure, apparent oversight and responsibility, and technological and societal know-how, 

and has experienced roughly forty years of civil conflict (Amin, 2020)3. As such, if a statistically 

significant renewable energy transition is indeed underway in a country such as Afghanistan, then 

it begs the question – how is the global transition not proceeding at a quicker pace (Smil, 2016; 

Sovacool, 2016)?  

Developing frameworks and models and applying them to developing countries, rather 

than applying developed country-centric models, may highlight the internal barriers in countries 

central to global emissions statistics, such as China and the United States. Traditionally, most single 

nation studies on energy economics and energy consumption focused on the United States and 

other developed countries (Smyth & Narayan, 2015). Studies of developing nations such as Bhutan 

tended to be exceptions (Lean & Smyth, 2014). However, this trend has changed in recent years 

as a greater scholarly emphasis is placed on a diversified set of countries, particularly emerging 

carbonised economies, including Indonesia and China (Le, Chang & Park, 2020; Sasana & 

Aminata, 2019).  

 Most energy and electricity studies focus on top-down modelling, looking at national or 

regional figures for electricity and energy consumption and generation. However, even though the 

stylised relationships between electricity and human factors such as welfare, education, and gender 

 
3 The energy transition in Afghanistan mirrors others in other developing countries, such as Mozambique, with a 
high percentage of residents without electricity but a renewable energy generation mix of three percent back in 2016 
(Newell & Bulkeley, 2017). Exploring the comparison with Afghanistan and sub-Saharan countries is beyond the 
scope of this thesis, but provides avenues for future exploration, enhancing the findings’ applicability.  



10 

 

roles are established, few studies investigate individuals’ relationships with electricity. For example, 

existing studies lack insight into questions such as what people use electricity for, how electricity 

is sourced, how electrification happens, individuals’ experiences of electrification, and more (see 

Mohammed, Kumar & Shretsha, 2013). Admittedly, the datasets required for a study like this, 

which must incorporate questionnaires and qualitative elements, is different from most energy 

economics studies.  

 As such, this thesis aims to fill this gap by exploring electrification and the solar 

transition in Afghanistan through individual experiences. Understanding the importance of 

electricity as a commodity and welfare development tool provides bottom-up insight into the 

national electricity system, including its functions, barriers, and areas for improvement. Individual 

households’ experiences of and relationships with electricity differ fundamentally from each other, 

and the respondents shed light on that. It is vital to understand how a renewable transition works 

from above through national policy initiatives and funding, but it is equally important to study 

how and why individual households buy into these frameworks. Meaningful transitions within 

socio-technical regimes require active participation from most or all the regimes’ components and 

actors (Geels, 2011). For example, a household’s increased buy-in may be a purely financial 

decision; decreasing costs of Indian and Chinese solar PV panels in local Afghan markets, sold for 

as little as 60 to 70 euros, coupled with slim prospects of state electricity through power grids, 

showcase a pragmatic instead of idealist approach (Emal Waziri, interview, 22nd January 2021)4 5. 

The study’s individual-centric elements will help chart electrification processes on a communal and 

individual level, highlighting hidden aspects of the electrification process and the transition to 

renewable energy in developing countries.  This thesis’ approach also functions in the absence of 

data on more traditional measures of energy economics.  

This study seeks to fulfil multiple purposes, including highlighting transitions in the LDCs 

understanding electricity consumption and generation in Afghanistan, uncovering barriers and 

fundamental interactions for renewable projects, and charting the transformative potential of 

electrification and solar power on a grassroots and individual level. Specifically, the study aims to 

understand the electrification process in Afghanistan from two perspectives. Evaluating the solar 

PV panels’ effect or the international involvement’s influence on the whole dataset, which 

 
4 The interview with Emal Waziri, an Afghan citizen and social impact NGO entrepreneur with a focus on solar 
panels, provided insights into the PV supply chains, the village electrification dynamics, Afghan power structures, 
and the security situation in Afghanistan.  
5 As the Afghan government lacks frameworks for sustainable development, it is unlikely that villagers in remote 
villages categorise their purchases based on environmental impact. Instead, individual and local factors such as price, 
accessibility, communal experiences, and ease of installation are likely to motivate the decision-making.  
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constitutes a sample of the entire country, may yield inaccurate results attributable to regional and 

urban versus rural differences. Therefore, the three models, rural, urban, and a sample of the whole 

population, explore the afghan socio-technical regime for electricity as the literature, and the 

international project scopes suggest considerable internal distinctions between different regions as 

well as urban and rural areas (Ahmadzai & McKinna, 2018; Herat Electrification Project, 2020; 

Rostami, Khoshnava, Lamit, Streimikiene & Mardani, 2017; World Bank, 2017). 

The top-down approach explores the role of international involvement and solar power in 

urban areas, which house national and state-utility projects. Conversely, the bottom-up approach 

investigates the same explanatory variables in the rural context – how they exert pressure on the 

Afghan government through its failure to prioritise rural electrification, development, and 

transitions. Finally, a sample of the whole country will congregate the diversified country. This 

diversified approach will allow for a cohesive and comprehensive understanding of the processes 

underpinning Afghanistan’s electrification drive and the transition to internally sourced renewable 

energy. By extension, the association between the social and environmental connotations to 

sustainable development will be evaluated by focusing on different social levels and their 

interactions with electrification and renewable energy. This approach leads to the following 

research question: 

− How is the increase in the number of Afghan citizens with electrical access between 2003 

and 2019 associated with changing pressures in the Afghan electricity sector’s socio-

technical regime?  

With the following sub-questions: 

− How effective has international involvement been in increasing the number of urban 

citizens with electrical access? 

− How does the grassroots and rural installation of solar PV panels in Afghanistan challenge 

theories on sustainable transitions?  

The following hypotheses facilitate the testing of the study’s associations or lack thereof. 

Firstly, for the association between international involvement and electrical access: 

𝐻0 = 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑡𝑖𝑜𝑛𝑎𝑙 

 𝑖𝑛𝑣𝑜𝑙𝑣𝑒𝑚𝑒𝑛𝑡 𝑖𝑛 𝑝𝑟𝑜𝑗𝑒𝑐𝑡𝑠 𝑛𝑒𝑎𝑟𝑏𝑦 𝑒𝑛𝑗𝑜𝑦𝑒𝑑 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑎𝑐𝑐𝑒𝑠𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2003 

𝑎𝑛𝑑 2019. 
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Secondly, the association between the grassroots installation of solar PV panels and electrical 

access: 

𝐻0 = 𝑇ℎ𝑒𝑟𝑒 𝑖𝑠 𝑛𝑜 𝑠𝑖𝑔𝑛𝑓𝑖𝑐𝑎𝑛𝑡 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑡ℎ𝑎𝑡 𝑟𝑒𝑠𝑝𝑜𝑛𝑑𝑒𝑛𝑡𝑠 𝑤𝑖𝑡ℎ 𝑠𝑜𝑙𝑎𝑟 𝑃𝑉 𝑝𝑎𝑛𝑒𝑙𝑠 𝑜𝑟  

𝑚𝑖𝑐𝑟𝑜𝑔𝑟𝑖𝑑𝑠 𝑒𝑛𝑗𝑜𝑦𝑒𝑑 𝑔𝑟𝑒𝑎𝑡𝑒𝑟 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑎𝑙 𝑎𝑐𝑐𝑒𝑠𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 2003 𝑎𝑛𝑑 2019.  

3. Literature review 
 

3.1 Afghanistan’s Socio-Political Situation 
 

Afghanistan’s political landscape changed dramatically after the coalition invasion in 2001, 

with the effects still visible today. The United States, alongside its allies, invaded Afghanistan in 

2001 to displace the Taliban from power. The Taliban had allowed Osama Bin Laden and the Al-

Qaeda to establish themselves in the country and use it as a base for attacks throughout the Middle 

East before striking the World Trade Centre on September 11th, 2001 (Gall, 2014; National 

Commission on Terrorist Attacks Upon the United States, 2021). As time progressed and notably 

after 2013-14, it became a humanitarian and socio-political engagement (Gall, 2014). Thus, it is 

vital to attempt to disaggregate the coalition influence on Afghan society. It facilitates a better 

understanding of the international community’s role in endeavouring to spur electrification and 

development. Pre-war Afghanistan did not possess effective government on a local, regional, or 

national level (Cramer & Goodhand, 2002). 

 Afghanistan was, and still primarily is, a tribal society, ‘the product of thousands of years 

of imperial policies, of conquests, of state-building and political decay, of far-reaching spiritual, 

artistic and social achievements as well as of destruction and chaos’ (ed. Maley, 1998, p.1). Indeed, 

fears remained that Afghanistan would disintegrate internally through ethnic splits and Afghan 

everyday life's inherent violence (ed. Maley, 1998). The post-invasion Afghan state failed to 

monopolise the use of force within its borders, a critical state-building metric, one which plagues 

its continued development to this very day (Cramer & Goodhand, 2002). The continued conflict 

with the Taliban and Afghanistan’s faltering growth confirms Cramer and Goodhand’s (2002) 

prediction that institutionalised economic interdependence and stability in Afghanistan rely on 

peaceful and stable government, a claim which is echoed in developmental research (Brauch, 2008; 

Duffield, 2014; Spring, 2009).  

Specific roadblocks affect transitions in Afghanistan and other developing countries. 

Asante, He, Adje & Asante (2020) categorise twenty-three barriers to renewable transitions into 
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six categories: economic and financial, political and regulatory, social, institutional, technical, and 

geographical barriers. They found that the political and regulatory category was the most critical 

barrier and that the sub-category of corruption and nepotism was the most influential sub-category 

within the political and regulatory category (Asante et al., 2020).  

Afghanistan’s status as one of the most corrupt nations globally and ever-present conflicts 

hamper developmental progress by disseminating political power and undermining the 

establishment of stable and critical institutions (Transparency, 2021). Corruption is a mirror, 

enabler, and a result of Afghanistan’s conflicts – alluding to the risks incurred by its presence. 

Indeed, estimates suggest that up to eighty per cent of the international monetary contributions 

leave the country illicitly, highlighting the system’s wastefulness and corruption (Hogg, Nassif, 

Gomez Osoria, Byrd & Beath., 2013). Additionally, there is an acute lack of socio-political stability 

on a regional and national level. Emal Waziri downplays the dichotomous denomination of safe 

governmental versus dangerous Taliban areas (interview, 22nd January 2021). Most places, even in 

Kabul’s government stronghold, are perilous during the day and even more so at night. However, 

many unstable and risk-filled countries such as Afghanistan are transitioning to solar energy.  When 

merged with the volatile links between peacebuilding and post-conflict, the tensions between 

corruption and violence, on one hand, and economic growth and stable government, on the other, 

are apparent in Afghanistan (Billon, 2003; Boege & Franks, 2009). Corruption and conflict are, 

therefore, continuous risks to the renewable transition and general societal development.  

3.2 Aid Motivations and Goals 
 

The aid intervention motivation in Afghanistan differs according to the goals of the giver 

country or institution, the province, and the recipient’s attitude. The United Kingdom’s military in 

Afghanistan’s Helmand province, for instance, saw aid as a bargaining tool to leverage cooperation 

amongst the local population in disclosing Improvised Explosive Devices (hereafter IEDs) and 

the movement of Taliban fighters (Fishstein & Wilder, 2012). Conversely, the Dutch in the 

Uruzgan province used aid as a stabilisation device – meaning that their overall mission was more 

humanitarian than a direct combat involvement (Fishstein & Wilder, 2012).  

A prominent aid provider is the United States Agency for International Development 

(hereafter USAID), the self-proclaimed ‘world’s premier development agency’ (Rostami et al., 

2017; USAID, 2021). Indeed, Afghanistan remains significant in terms of the USAID’s staffing 

and budget as an extension of US government goals in Afghanistan and beyond (Hammink, 2017). 

Other foreign organs are present in Afghanistan and in the dataset for the thesis (Rostami et al., 



14 

 

2017). Fishtein and Wilder (2012) argue that foreign has changed Afghan lives for the better, even 

if the quantification of aid as a security or stabilisation tool is challenging. However, Lutz & Desai 

(2014) dispute this and suggest that aid intervention has been inadequate at best and 

counterproductive at worst. They focus on US aid and indicate that the primary beneficiaries were 

American companies, whilst claims of systematic fraud, corruption, and wastefulness dominate the 

discourse (Lutz & Desai, 2014; UNODC, 2012). Therefore, corruption and system 

mismanagement are not just limited to the Afghans but also the aid providers themselves. Indeed, 

there are instances where contractors overbilled the US government for upwards of 500 million 

USD (Brinkley, 2013). Effectively, aid is seen as an extension of the American self-security arm, 

further distancing aid from its ideological, idealistic, and humanitarian origins and goals (Lutz & 

Desai, 2014).  

Foreign aid did sustain rapid economic growth in Afghanistan, 9.4 per cent annually, via 

the agricultural sector and a strong services sector between 2003 and 2012 (World Bank Group, 

2021b). However, this has slowed to 2.5 per cent per annum between 2015 and 2020 as fewer 

grants have come in. Indeed, most foreign aid, including the Geneva Conference pledge, is now 

contingent upon the Afghan government fulfilling certain conditions – which may prove a struggle 

without greater developmental aid efficiency (World Bank Group, 2021b). Afghanistan is not alone 

in dealing with this issue, as the marginal effect of aid decreases over time regardless of the initial 

impact (Hansen & Tarp, 2001, Kanbur, 2006)6.  

3.3 Conditions for Successful Electrification  
 

On a theoretical level, the existing literature on the systems and processes that facilitate 

electrification highlight the need for certain socio-technical conditions. Ahady, Dev & Mandal 

(2020) argue that Afghanistan’s electrification process is dependent on regional stability, centralised 

national stability, legislation, regulation, and international support. Afghanistan has been solely 

reliant on the latter through financial aid rather than hard skills or knowledge (Danish, Sabory, 

Danish, Senjyu, Ludin, Noorzad & Yona, 2017a). 

 Furthermore, Keely and Mastsumoto (2018) highlight several critical determinants for 

FDI in renewable energy projects: institutional, macroeconomic, related to natural conditions, and 

renewable energy policies. These determinants must be satisfied to make the potential rate-of-

return justifiable (Keeley & Matsumoto, 2018). Fundamentally, Afghanistan struggles to meet 

 
6 It is important to note that the control variables such as human capital, the outcomes, and the spillovers in Hansen 
and Tarp’s (2001) models strongly affect aid’s association with economic growth, meaning that the results are both 
nation and context specific. 
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many of these determinants and conditions for electrification and foreign investment in renewable 

and electrification projects. The challenging environment has not stopped institutions such as the 

WB, but the cases are few and far between (World Bank, 2020a; Yadgare, 2021). Indeed, improving 

the business and investment climate is one of the International Finance Corporation’s (hereafter 

IFC) goals in Afghanistan (Yadgare, 2021)7. The barriers to electrification in Afghanistan are local, 

regional, national, endogenous, and exogenous – illuminating the difficulties in successfully 

implementing electrification projects on a grassroots and national scale.  

Countries with socio-political instability through a lack of stable democratic institutions 

and centralised planning are increasingly adopting solar PV to produce electricity. For example, 

Eritrea’s political situation, conflict with Ethiopia, and mass emigration have undermined the 

country’s developmental progress (Lyons, 2009). Despite this instability, Eritrea’s solar PV power 

production has skyrocketed between 2015 and 2018 – as highlighted in Figure 1 (IEA, 2021). One 

gigawatt-hour is equivalent to 1 million kilowatt-hours (hereafter kWh), meaning that Eritrea 

produced 43 million kWh of solar PV energy in 2018, up from 2 million kWh in 2015, representing 

8.7 per cent of Eritrea’s total energy supply8. This highlights that developing countries are capable 

of quick renewable transitions (Grubler, 2012; Sovacool, 2016).  

 

 
 

 
7 A subsidiary of the World Bank Group. Also, the managing entity behind the Scaling Solar projects. 
8 Other countries have undertaken similar solar powered energy transitions such as Kenya, Mozambique, India, and 
Somalia (Newell & Bulkeley, 2017). See section 3.7.    
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3.4 Afghanistan’s Socio-Technical Regime for Electricity  
 

The annual consumption of electricity per capita in Afghanistan is one of the lowest in the 

world. An average Afghan in 2017 used roughly 186 kWh of electricity annually, which is minuscule 

compared to the global average of 2728 kWh (Ahady, Dev & Mandal, 2020; Mehrad, 2021). On a 

national level, Afghanistan imports up to eighty per cent of its electricity and distributes the 

electricity within three established power grids (Rostami et al., 2017). The Northeastern Power 

System (hereafter NEPS) is the connection with Turkmenistan, Uzbekistan, and Tajikistan; 

Southeastern Power System (hereafter SEPS) is connected to Pakistan, and the Western Power 

System (hereafter WPS) is connected to Iran and Turkmenistan (Rostami et al., 2017). Urban areas 

connected to the power grids are the primary beneficiaries in Afghanistan, exasperating the rural-

urban divide. Moreover, the citizens connected to electricity through the grids pay cheaper 

electrical tariffs, reinforcing Afghanistan's need to equate its electrical situation (Safi & Sharma, 

2019).  

The SEPS also acts as a transit between suppliers and Pakistan, another importer of diesel 

(Fichtner GmbH & Co, 2013). Therefore, Fichtner (2013) argues that Afghanistan is strategically 

placed as a transit between the suppliers to the north and west and the recipient countries to the 

south and east – mainly Pakistan. Thus, power grids in Afghanistan serve a dual purpose, 

transitionary and a means of providing electricity access to urban residents.  

Indeed, access to electrical grids is the third most crucial determinant for FDI for 

renewable energy projects, according to the study by Keeley and Matsumoto (2018). However, 

conventional electricity approaches, such as connecting the whole country to power grids, would 

be economically unrealistic in Afghanistan because of the high costs involved (Fichtner GmbH & 

Co, 2013; Mills, 2020). As such, the widespread lack of electrical connectivity means that renewable 

energy could become Afghanistan’s institutional norm. Widespread electrification is achievable 

through methods that do not require centralised electrical infrastructure and power line 

construction (Fichtner GmbH & Co, 2013). This solution would benefit the people internally 

displaced by the conflict with the Taliban, many of whom live in refugee camps with no electrical 

access (Hennion, 2014; Majidi, 2011). Indeed, between seventy-five and eighty-five per cent of the 

Afghan population have no electrical access, with ninety-one per cent of those residing in rural 

areas (Mehrad, 2021; Rostami et al., 2017).  

Afghanistan citizens have the capacity and the potential to transition rapidly and efficiently 

through its decentralisation and grassroots initiatives due to weak path dependencies and lack of 
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fossil fuel system entrenchment (Grubler, 2012, Svobodova, 2020). In fact, if various risk factors 

do not hamper progress, Afghanistan could transition quicker than many OECD countries, 

especially Afghanistan’s primary benefactor, the US (Grubler, 2012). As such, the lack of critical 

electricity generation infrastructure traditionally used for fossil fuel-powered electricity generation 

will actually enable Afghanistan to move directly to renewable energy sources.  

Determining which national organ or ministry oversees electricity generation, energy 

infrastructure establishment, and renewable energy policy is a challenge in Afghanistan. Ambiguity, 

lack of apparent oversight, and independent foreign actors hinder progress. The Ministry of 

Energy and Water (MEW)’s mandate includes renewable and non-renewable energy policy 

frameworks, regulation, and planning (MEW, 2021). Additionally, the Inter-Ministerial 

Commission for Energy (hereafter ICE), chaired by the Minister of Economy, plays a crucial role 

in policy recommendations, policy implementation, programmes, and action plans regarding the 

energy sector (ICE, 2021). Meanwhile, the Ministry of Rural Rehabilitation and Development 

(hereafter MRRD) oversees off-grid and under 200 kW renewable energy projects (Amin, 2020). 

Financially, the Ministry of Finance (hereafter MoF) is vital to ensure that renewable energy 

development matches national planning processes (RAGA report, 2015). Then there is the Da 

Afghanistan Breshna Sherkat (hereafter DABS), a monopolist state-owned power utility, which 

generates, transmits, and distributes state energy (DABS, 2021). DABS is the only non-public 

entity involved. The Asian Development Bank, USAID, and the WB signed agreements with 

DABS as the power sector's local project developer. However, the German Development Bank, 

among others, signed with the MEW. Additionally, the MoF is the primary liaison for foreign 

development partners for renewable project financing negotiations (Ministry of Finance, 2021). 

Indeed, the organisations’ scopes overlap in terms of surveying and detailing power project work.  

An issue faced by the MRRD is its lack of technical expertise and project oversight in rural 

areas (Amin, 2020). Most micro solar and hydro projects cease to function due to the lack of 

proper operation and maintenance after handover to local communities (Amin, 2020). The MRRD 

does not have the technical capacity, unlike the MEW and DABS, to operate small renewable 

energy sites, nor does it have the human capital to deploy technicians to the remote rural areas 

(Amin, 2020; DABS, 2021; MEW, 2021). Likewise, MoF is frequently influenced by its foreign 

partners and lacks the technical capacity to challenge their project proposals (Amin, 2020). DABS 

is only interested in profitable sites close to urban centres – highlighting the rural-urban divide and 

the institutional disregard for rural electrical access (DABS, 2021). What emerges is an overly 

bureaucratic regime with individual components jostling for funding, position, and power, despite 
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lacking the technical expertise to do so – to the renewable energy transition and electrification’s 

detriment. 

These national ambiguities and overlaps are exasperated by foreign influence and divergent 

opinions, which are sometimes at odds with the local situation. For instance, the WB Development 

Indicators claim that 98.7 per cent of the Afghan population had access to electricity in 2018 

(World Bank, 2021e). No sources, qualitative or quantitative, collaborate this fact. Indeed, most 

suggest that somewhere between sixty and seventy per cent lack access to electricity. As such, not 

only are these facts at odds with the WB and the IFC goals to increase electrification in 

Afghanistan, but they also show how distant the foreign nations and corporations can be from 

Afghanistan’s actualised and urgent requirements. Their project priorities may reflect a lack of 

understanding of the ministries' human capital potential and the technical, geographical, 

operational, and fiscal barriers to developmental project implementation and maintenance.  

A major driver of the energy transition in Afghanistan is energy demand. According to 

Grubler (2012), ‘investments are the mechanism for increases and replacement of the capital stock 

of an economy,’ which points to a higher end-use than supply dynamic (Grubler, 2012, p.12). Allen 

(2012) claimed that energy supply was a significant transition driver, more so than demand, based 

upon his study of the first transition to coal in Britain (Allen, 2012). Afghanistan’s energy demand 

is rising as the economy grows, shown by figure 3, and the country is electrified.  

Figure 3 illuminates the relationship between electricity consumption in billions of kWh 

and economic growth in Afghanistan, represented by the GDP per capita. GDP per capita in 

Figure 3: Afghanistan electricity consumption in billion kilowatt-hours (kWh) and GDP per Capita (Current US$) Source: World Bank and the 
US Energy Information Association (hereafter EIA) data 
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Afghanistan declined after 2013-14; however, there was a clear positive association between the 

two factors till then (World Bank Group, 2021c). The data does not go further back than 2002, as 

there is no verifiable GDP per capita data for Afghanistan between 1981 and 2002 (World Bank 

Group, 2021c)9. One possible reason for the change in 2013 – 2014 could be the coalition forces' 

withdrawal and the shift to a mentoring rather than a direct combat role. Foreign troop numbers 

declined from 130,000 in 2011 to 15,000 by 2014’s end and 10,000 today (World Bank Group, 

2021b). Thus, the Taliban was free to roam in more territory, which led to more internal 

displacement (Snetkov & Aris, 2013).  

 As shown in figure 4, there is a positive correlation between electricity consumption and 

GDP per capita (Current USD) worldwide, highlighting the uniqueness of the 2013-2014 Afghan 

shift. Despite the change, it is evident that Afghanistan follows the general trend of a clear positive 

correlation between electricity consumption and economic growth.  

 

Figure 4: Selected Countries GDP per Capita (Current USD) and Electricity Consumption per Capita (kWh) in 2014 Source: World Bank Group 

(2021c) 

 

Moreover, a large section of the Afghan economy is hidden and illicit, thus disregarded in 

the WB data (Mansfield, 2019). The data overlooks opium farming, smuggling, and illegal mining 

 
9 The civil war and conflicts in Afghanistan, coupled with the lack of foreign institutional and governmental 
presence made data collection impossible.   
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of raw materials (World Bank Group, 2021b). The hidden economy’s economic proportion rose 

as more farmers shifted to opium farming (Mansfield, 2019). The fluctuating opium prices and 

low yields between 2010 and 2014 affected the individual Afghan's buying power and contributed 

to lower welfare (Mansfield, 2019).  

3.5 Afghanistan’s Energy Intensity and Electricity Consumption 
 

According to Csereklyei, Rubio-Varas & Stern (2016), ‘energy intensity has improved far 

slower than the rate of growth [despite the strong correlation between the two], and so energy use 

tends to increase with growth’ (Csereklyei, Rubio-Varas & Stern, 2016, p.250). As established in 

section 3.4, Afghanistan’s economy is growing (measured by GDP per capita), and therefore an 

increase in electricity and energy consumption is natural (EIA, 2021). Moreover, Csereklyei, Rubio-

Varas & Stern (2016) establish various widely applicable stylised facts, such as that energy intensity 

has decreased globally over the last four decades.  

However, while not included in the dataset, Afghanistan may be an exception alongside 

several African and Middle Eastern nations due to the steady, close, and cheaper oil supply, even 

if Afghanistan lacks the infrastructure, demand, and currency to exploit this (Csereklyei, Rubio-

Varas & Stern, 2016). Afghanistan may have developed a fossil fuel path dependency had these 

three factors been in place, bringing a radically different energy landscape with it. The authors also 

stipulate that the technological, rather than structural, change that decreases energy intensity must 

be strongly correlated with the technological change driving economic growth, as increasing GDP 

and improving energy intensity often co-occur (Csereklyei, Rubio-Varas & Stern, 2016; Kander & 

Henriques, 2010). The reason being the lack of general and common improvement in energy 

intensity regardless of countries’ economic growth. Indeed, the authors suggest that stagnating 

economies frequently increase their energy intensity (Csereklyei, Rubio-Varas & Stern, 2016).  

There is also a noticeable association between GDP and renewable energy consumption 

(Halkos & Tzeremes, 2014). The connection between GDP improvement and renewable energy 

consumption in countries surveyed by Halkos & Tzeremes (2014) showcases the potential 

windfalls on a financial level10. Afghanistan has not taken advantage of these benefits because of a 

lack of awareness of renewable energy’s social and environmental benefits (Ahmadzai & McKinna, 

2018). The potential to improve in many areas is negatively affected by the lack of electricity. 

 
10 The Environmental Kuznets Curve stipulates a similar thing; a society’ relationship with the environment should 
improve after reaching a certain level of economic growth (Kuznets, 1955; Stern, 2004). Historical energy transitions 
in developed countries traditionally follow a cycle of fossil fuel dependency and then increased energy efficiency 
(Allen, 2012; Csereklyei, Rubio-Varas & Stern, 2016).  
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Indeed, Apergis and Payne (2011) suggest that energy preservation policies directly and negatively 

affect economic growth in Afghanistan and other low-income countries. This ties into 

Afghanistan’s lack of ‘policy frameworks that specify the provision of energy for sustainable 

development’ (Ahady, Dev & Mandal, 2020, pp. 5). In effect, Afghanistan will struggle to transition 

to renewables without widespread electrification unless the two co-occur, as is the present scenario. 

The association between energy or electricity consumption and various factors, such as 

welfare, economic growth, and more, is well documented across developed and developing 

countries (Apergis & Payne, 2011; Csereklyei, Rubio-Varas & Stern, 2016; Molinder, Karlsson & 

Enflo, 2021). However, Polansky and Laldjebaev (2021) advocate for contextualising these 

institutional, political, and structural considerations based on a case study of Northeastern 

Afghanistan, acknowledging the present socio-technical regime. Thus, they effectively challenge 

the idea of a linear relationship between the associated impacts and electricity.  

However, most authors suggest that electricity is positively associated with improvements 

in health, economic, social, and political conditions. Widespread electrical access is linked to lower 

poverty rates, more balanced gender relations and increased access to education, higher 

educational attainment, and higher-income (Niu, Jia, Wang, He, Hu & Liu, 2013; Pueyo & Maestre, 

2021; Riva, Ahlborg, Hartvigsson, Pachauri & Colombo, 2018). Conversely, the lack of electrical 

access negatively affects the quality of life and severely limits the socio-economic possibilities of a 

community or region (Molinder, Karlsson & Enflo, 2021). Indeed, there is a strong association 

between low-income households’ welfare and electricity prices (Romero-Jordán, del Río & 

Peñasco, 2016). As electricity prices increase, low-income households are disproportionately 

affected by the changes. Most Afghan families are low-income due to the high poverty rate; as of 

2015, ten per cent of the population lived in extreme poverty, defined as less than 1.90 USD a day 

(Bedoya, Coville, Haushofer, Isaqzadeh & Shapiro, 2019; World Bank, 2021b). The poverty rate is 

bound to rise due to Covid-19 (UNDP, 2020). Therefore, electricity is essential to ameliorate 

Afghan sustainable and human development.   

3.6 Afghanistan’s Solar PV Potential 
 

Research on energy transitions has focused on the pressures and not the barriers and 

resistance to energy transitions in developing countries (Newell & Bulkeley, 2017). Asante et al. 

(2020) also identify financial and economic factors as significant barriers to renewable transitions. 

Two of the main inhibitors to progress in developing countries regarding widespread renewable 

shifts are monetary – price and capital availability. The cost of manufacturing solar PV panels 
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dropped significantly between 2010 and 2016 – seventy-five per cent for solar panel modules and 

fifty-three per cent for essential non-module components (Dobrotkova, Surana & Audinet, 2018). 

Between 2006 and 2016, solar PV usage in non-traditional markets (not the US, China, and 

Europe) rose from five per cent to thirty-eight per cent of worldwide use (Dobrotkova, Surana & 

Audinet, 2018). The increased adoption in developing countries is driven by decreased 

manufacturing costs and other context-specific parameters, including decreases in the cost of 

capital through technological maturation, solar radiation abundance in developing countries, and 

more. These conditions have made solar PV competitive with renewable alternatives, such as wind 

and hydropower and non-renewable fossil fuels (Dobrotkova, Surana & Audinet, 2018) 11. These 

developments are decreasing dependence on unattainable and highly risky capital injections.  

The Levelised Cost of Electricity (hereafter LCOE) is a standard parameter for calculating 

energy project cost – the price per kWh of electricity generated, distributed over the project lifetime 

(Dobrotkova, Surana & Audinet, 2018; Waissbein, Glemarec, Bayraktar & Schmidt, 2013). LCOE 

is calculated by combining investment expenditure and discount rate with capital cost, capacity 

factors, taxes, and other operational and maintenance costs. Investment costs refer to the cost of 

equipment and country-specific issues such as permits and land quality, and price. The capacity 

factor encompasses the type of solar PV technology used, the quality of the tracking equipment, 

and other product design items.  

Dobrotkova, Surana & Audinet (2018) outline how prices of 0.06 USD – 0.08 USD per 

kWh are viable in most developing countries, even risky ones, if the contractual and bidding 

process is appropriately constructed. Mehrad (2021) calculated, based on data from MEW, that 

solar PV LCOE in Afghanistan was 0.05 USD per kWh with a twenty-five-year warranty period, 

lower than the estimate by Dobrotvoka, Surana & Audinet (2018). Crucially, a grid-connected 

system was cheaper than a microgrid; however, the infrastructure costs of grid implementation 

across the country were not factored in, making on-grid solar PV less economically feasible in 

Afghanistan. Therefore, price is not always, by itself, the most accurate indicator of a renewable 

project’s viability.   

 A key bidding and renewable electricity project barrier is the diversification of risk across 

multiple stakeholders and away from the project developer. Developing countries need to mitigate 

 
11 Similarly, there have been various improvements in PV technology recently. PV panels are, amongst other things, 
reliant on silicon as a raw material for the creation of the monocrystalline and the more accessible multi- or 
polycrystalline panels (Gul, Kotak & Muneer, 2016). Moreover, there are several emerging technologies in the field, 
increasing efficiency of raw materials and the solar panels themselves (Gul, Kotak & Muneer, 2016). Such 
technologies include hybrid cells and thin film PV (Razykov et al., 2011) 
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against the high financing costs that may reflect ‘perceived or actual informational, technical, 

regulatory, financial and administrative barriers and their associated investment risks.’ (Waissbein 

et al., 2013, p.12). Indeed, the WB has acted in a mitigatory capacity by offering Zambia loans and 

assurances through the WB project Scaling Solar to manage the issue of risk (Stritzke, 2018). The 

WB describes Scaling Solar as ‘a “one-stop-shop” program for governments to rapidly mobilise 

funded grid-connected solar projects at competitive tariffs’ (Yadgare, 2021, p.46). 

 Similarly, the WB expanded the Scaling Solar project to Afghanistan to create a forty 

million watts (hereafter MW) solar PV plant in the Herat province, facilitating the interactions 

between government, lenders, utilities, and developers (IFC, 2019). As Afghanistan’s installed 

institutional capacity for solar power is presently around forty MW, the Scaling Solar project would 

increase installed capacity by one hundred per cent, increasing renewables’ share in Afghanistan 

electricity generation and consumption landscape (Mehrad, 2021; World Bank Group, 2021b).  

The main issue with solar PV power is battery storage12. While, storage presents challenges 

for solar PV utility plants instead of a residential scale, particularly in a country with abundant solar 

radiation and low seasonal variation. Indeed, studies show that residential storage systems can 

reduce peak power demand, even accounting for trade-offs, such as increased emissions (Fares & 

Webber, 2017). Moreover, a PV plant has a more uniform production profile in Herat, 

Afghanistan, than other solar technologies and renewable alternatives due to high and stable solar 

radiation (Hakimi, Baniasadi & Afshari, 2020). 

On an average day, between 5.3 and 6.5 kWh per square meter (hereafter m2) of solar 

radiation impacts Afghanistan, adding up to roughly 222,000 million kWh (Ahmadzai & McKinna, 

2018; Ershad, Brecha & Hallinan, 2016). The Direct National Irradiation (hereafter DNI) ranges 

between 3.38 to 7.0 kWh per m2 and the Global Horizontal Irradiance (hereafter GHI) between 

4.0 and 6.0 m2 (Mehrad, 2021)13. Even the northern provinces with lower solar radiation have the 

technical and economic conditions for successful and profitable solar PV installation (Mehrad, 

2021). Therefore, solar PV can transform Afghanistan’s landscape through personal use and 

 
12 More efficient battery technology can mitigate this barrier to widespread solar PV usage. Effective batteries can 
deliver real-time and reactive energy at sub-second speeds, thereby nullifying frequency, ramp rate, and voltage issues 
(Hill, Such, Chen, Gonzalez & Grady, 2012). Moreover, many storage problems can be mitigated with an on-grid 
hybrid system, where the reactiveness and the stability of alternative power sources respond to solar fluctuations 
(Chaurey & Kandpal, 2010; IEA, 2021; Wang, Ciobotaru & Agelidis, 2014).  
13 Simply, DNI refers to a satellite-driven method of estimating solar radiation with clear skies and cloud cover 
(Porfirio & Ceballos, 2017; Viana, Rüther, Martins & Pereira, 2011). GHI is calculated by combining DNI with a 
measurement of the beam’s angle (Grantham, Pudney & Boland, 2018; von Loeper, Schaumann, de Langlard, Hess, 
Bäsmann & Schmidt, 2020). Various methods for calculating the two exist. However, the most common is to base it 
on historical, observed weather data.  
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microgrids and on a national or regional utility-scale, as detailed in Dobrotkova, Surana & Audinet 

(2018)’s piece.  

3.7 Solar PV Potential and Application in Developing Countries 

 

Indeed, rural India’s electrification is a prime example of solar PV’s potential in driving 

electrification and energy transitions in developing countries, aided by the impact of falling PV 

manufacturing costs and increasing battery storage potential (Chaurey & Kandpal, 2010). The 

diminished prices were assumed to be the catalyst for the switch to clean energy in localised case 

studies (Ramchandran, Pai & Parihar, 2016). Solar PV systems were found to create a healthy 

return rate in most scenarios, even without state subsidies (Ramchandran, Pai & Parihar, 2016). 

Solar PV is also not sensitive to fuel prices, an issue affecting many rural areas in India, meaning 

that LCOE for solar PV remains consistent throughout the project lifecycle (Ramchandran, Pai & 

Parihar, 2016; Sandwell, Chan, Foster, Nagpal, Emmott, Candelise, Buckle, Ekins-Daukes, 

Gambhir & Nelson, 2016). Sandwell et al. (2016) calculate LCOE price ranges between 0.46 to 

1.20 USD in India in 2016, which have dropped further. As such, the competitiveness of solar PV, 

measured in LCOE, makes it viable for developing countries.    

Similarly, Phadke, Jacobsen, Park, Lee, Alstone & Khare (2017) argue that no more than 

twenty-five watts is needed to power a rural off-grid home with super-efficient appliances instead 

of eighty-six watts for standard devices14. Not enough research has been conducted into appliances 

and how increased efficiency is relevant for off-grid homes, which rely on the electrical capacity 

of their PV panels (Phadke et al., 2017). Increasing appliance efficiency is a different means of 

ensuring the broader applicability of solar PV to provide electrical access in remote areas (Pagliaro 

& Menneguzo, 2019). Decreasing LCOE costs and more efficient appliances represent a dual 

approach ensuring increased applicability for solar power. This transformation can occur in more 

places, such as the Sub-Saharan Africa, South-Asia and Southeast-Asian countries, many of whom 

share similar traits as high solar radiation, high fossil fuel usage, and low welfare (Wang et al., 2021; 

Jahangiri, Nematollahi, Heidari Sooreshjani, & Heidari Sooreshjani, 2020; Nanda, 2019: Narayan, 

Len & Kapur, 2019; Newell & Bulkeley, 2017).  

 
 

 
14 Watts refers to the pure electrical power created; kWh to the electricity needed to power households or appliances 
for an hour.  
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3.8 Research Gap 
 

This thesis addresses several research gaps concerning renewable energy transitions in 

Afghanistan. Most of the studies on the Afghan electricity and energy sectors are qualitative. 

Generally, finding quantitative data is a challenge – particularly at a government or national level 

– because of the chronic lack of stable political organisations in Afghanistan. Even though data 

collection has improved since the coalition invasion, reliability and applicability are still significant 

issues.  

Afghanistan’s economic progress is partly stunted by the lack of electricity, thus placing it 

within research looking at third-world countries’ renewable energy transition potential. However, 

studies are often performed with a top-down approach, looking at the centralised efforts to 

increase electrification and the barriers on a financial, technical, or institutional level (Ahmadzai & 

McKinna, 2018; Amin, 2020; Danish et al., 2017a; Danish, Senjyu, Sabory, Danish, Ludin, 

Noorzad, & Yona, 2017b; Burns, 2011; Fichtner GmbH & Co, 2013; Rostami et al., 2017). 

However, this barrier-centric approach primarily disregards the rural population. It would be 

problematic to overlook the rural population as a significant proportion of the renewable energy 

potential comes from rural households installing solar PV panels (World Bank, 2017).  

The qualitative studies on the renewable transition in Afghanistan tend to focus on all three 

primary renewable sources – onshore wind, solar PV, hydropower – or merely hydropower by 

itself (Ahady, Dev & Mandal, 2020; Ahmadzai & McKinna, 2018; Danish et al., 2017b). 

Hydropower is only available in the mountainous and populous northeast Afghanistan, home to 

the capital Kabul. Despite the solar power potential in Afghanistan, solar PV does not receive the 

scholarly attention it deserves (Mehrad, 2021). Moreover, it takes four to ten years to build a 

hydropower plant instead of six to twelve months for a modular, expandable solar PV plant (IFC, 

2015). Therefore, the impact of hydropower on electrification is much less than solar PV – as it is 

only in certain regions, requires on-grid distribution, and would provide electricity to areas with 

existing electrical access; ninety-five per cent of Kabul’s population already has electricity access 

(Mehrad, 2021).  

These studies perpetrate and reinforce the rural-urban divide visible in Afghan society by 

focusing on renewable sources that would benefit urban residents who already have electricity 

rather than rural residents who struggle to obtain it. These issues are exacerbated by how local 

developers, mainly MEW and DABs, lack the technical capacity to develop and maintain rural 

projects. The volatile geopolitical situation in Afghanistan forces international donors to rely on 
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these local partners and entities to run and supervise the funded projects (Ahmadzai & McKinna, 

2018; Brinkley, 2013; Herat Electrification Project, 2020; IFC, 2019). The result is a lack of 

development and knowledge of the intricacies and difficulties of the rural welfare situation on a 

national, statistical, and scholarly level. 

 When combined with the top-down approach outlined earlier, which focuses on national 

statistics and not individual experiences, an addressable research gap appears, with little attention 

devoted to rural and personal electrification in Afghanistan. A quantitative study can illuminate 

shared and diversified experiences across the heterogenous country, ensuring representation of all 

social classes and geographic locations. Moreover, comprehensive quantitative research can 

discover whether the renewable energy and electrification potential is fulfilled, if system 

mismanagement and corruption has diminished the potential, or if the top-down scholarly 

approach skews the reality.  

3.9 Theoretical Framework 
 

This thesis’ theoretical framework employs the MLP framework to place the literature on 

renewable energy, electrification, economic growth and electrification, renewable energy, and 

electrification and the interaction with personal welfare within an Afghan context. These 

associations would outline the benefits for Afghanistan in increasing electrification through 

renewable energy. From below, the people and new and cheaper technologies pressure the local 

and state government. From above, foreign aid and FDI and thus power that comes with financial 

contributions also exert pressure.  

Therefore, this thesis adopts the MLP framework to categorise these pressures, pathways, 

and the effects on clean Afghan electrification. The MLP framework is becoming the normative 

framework for transition research through its applicability, division into three levels, and inclusion 

of relevant structures intrinsic to the individual systems (Geels, 2012). At the highest level, the 

MLP framework includes a static landscape level, in Braudel’s terminology, the Longue Durée 

(Braudel & Wallerstein, 2009). It includes large multi-national forces, organisations, and 

phenomena such as the EU, the WB, climate change awareness, and wars (Smith, Voß & Grin, 

2010). The middle level is the regime level, which is less dynamic and more susceptible to change 

than the landscape level. At the regime level, structures including the market, social norms and 

practices, current technology, government policy, and more reside (Smith, Voß & Grin, 2010). 

Simplified, the current state of being, which in Afghanistan constitutes a lack of infrastructure, the 

import of power sources, and low electrification. Finally, the niche level, the most dynamic state, 
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which contains technology incapable of directly competing with the market (due to reasons such 

as technological immaturity or unfavourable conditions on the upper levels) (Geels & Schot, 2007). 

The niche innovation in the Afghan electricity socio-technical regime is solar power, which hopes 

to displace the current regime. The MLP, therefore, differentiates between the levels and charts 

their interactions according to established pathways (Geels & Schot, 2007). Geels & Schot (2007) 

charted the transitions that occur according to the disruptive force or shock’s timing, source, and 

frequency (Geels & Schot, 2007; Suarez & Oliva, 2005).   

The three tiers of the MLP framework correspond to the paper’s analytical structure, 

thereby reinforcing its suitability. The static level represents the top-down approach personified 

by foreign donors and international aid, putting pressure on the regime to improve welfare by 

mainly electrifying through renewable sources. The niche level corresponds to the bottoms-up 

method, such as the grassroots-level installation of solar PV panels. The regime level experiences 

the top-down and bottom-up pressure from the other two levels.  

The thesis also adopts stances to challenge the literary assumptions behind renewable 

transitions. The transition literature, especially when employing MLP, can be overly technological 

in its focus, which is arguably a mindset that applies primarily to the developed world. Other non-

technological barriers to electrification and renewable transitions in developing countries are 

related to funding, access, and technological know-how. These barriers are less tangible and less 

tied to historical investments and established path dependencies than developed countries’ 

barriers, as depicted in the pessimistic transition literature (Smil, 2016). This piece will attempt to 

contextualise the renewable transition in Afghanistan within the developing countries’ milieu, 

despite the necessary frameworks being more exploratory and less defined within transition 

literature.  

4. Methodology 
 

This study needed specific data owing to the lack of stable government in Afghanistan and 

across various regions in the given period. Data at the individual level (survey data) provides the 

most accurate and reliable long-term image of the electrical socio-technical regime in Afghanistan. 

As established previously, DABS and the ministries refuse to operate and maintain rural 

electrification projects, making them unlikely to have relevant data or even know the current state. 

Moreover, the dataset must account for Afghanistan’s unique socio-political situation – not only 

in how it changes data collection – but also how it impacts daily life, welfare, security, and, most 

importantly, electrical access. More information about the data can be found in section 5.   
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This study revolves around three different models, each exploring a separate section of the 

country – urban, rural, and a sample of the whole country - with different observation counts. 

Afghanistan’s uniqueness means several variables and approaches differ from other quantitative 

pieces exploring renewable transitions or electrification. With electrical access as the dummy 

dependent variable, all three models explore the association between international involvement 

and solar power with electrical access in urban environments, rural milieu, and the whole country; 

Model 1 looks at Urban Access, Model 2 looks at Rural Access, and Model 3 looks at the entire 

country.  The three models have different numbers of observations owing to the respondents and 

the nature of the survey. In the dataset, the surveyors divided the observations into four distinct 

categories: villages, towns, cities, and the Kabul metropolitan area. As the majority live in rural 

areas, and the data reflects that fact, the second model based on small towns, villages, and other 

living situations like refugee camps and huts, has more observations than the first model exploring 

cities and the capital Kabul.  

All three models are based on logistic regression to predict an outcome, or lack thereof, 

based on predictor variables. This thesis uses binary classification, but logistic models can be 

adapted for multi-class classification (i.e., a dependent variable with more than two values). Logistic 

regressions are utilised for this thesis because of their superior and more accurate predictions of 

probabilities on the dependent variables (Cox, 1958; Harrell, 2015a, 2015b, Westin, 1974). 

Moreover, logistic regressions do not assume a linear relationship between the dependent and 

independent variables, a normal distribution is not required, and error terms do not need to be 

normally distributed (Shi & Hua, 2021). Logistic models also assume linearity in the independent 

variables and the log odds of the dependent variable (Shi & Hua, 2021).  

Additionally, logistic models are commonly used for energy economics because they 

provide sturdier assumptions and a more robust foundation instead of the unrealistic modelling 

from linear probability models that are not log-based (Bodger & Tay, 1987; Devezas, LePoire, 

Matias & Silva, 2008; Höök, Zittel, Schindler & Aleklett, 2010; Marchetti, 1977). Crucially, linear 

models assume a one-way relationship when analysing electricity and fail to grasp the complex 

socio-technical realities of electricity distribution and coverage (Riva et al., 2018). Conversely, 

logistic regressions are used in prior electrical and renewable classification studies to overcome 

deficiencies with linear models, including invalid and unrealistic probabilities, with some of the 

studies focusing on Afghanistan specifically (Fuks & Salazar, 2008; Long & Long, 1997; Paudel, 

Khatri & Pant, 2018; Pokharel, Grala, Grebner & Cooke, 2019; Wang, Yu, Wang, Ren, Shafie-

Khah & Catalão, 2018).  
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Once the three logistic regression models were run, the results were analysed using the 

literature review and theoretical framework. Crucially, the MLP pathway stage was charted 

according to the pressures from above and below. Finally, a robustness check is included, with 

alternative model specifications – including models with more or fewer duplications of Identity 

Document (hereafter ID) numbers (Cresswell, 2014). A series of econometric tests were also run 

to test the models’ use of duplicates, the goodness-of-fit, and the probability classification score. 

This step was vital in optimising the models’ reliability and veracity, ensuring their replicability and 

connection to the stated hypotheses. The results of these tests are available in full in Appendix B, 

C, D, and E and are the subject of the discussion in the robustness check section.  

4.1 Models 
 

As previously stated, the models were derived using logistic model regression theory (Cox, 

1958; Harrell, 2015a, 2015b; Shi & Hua, 2021; Walker & Duncan, 1967). The first model explores 

the association between international involvement and electrical access for urban residents; it also 

looks at the likelihood of urban residents having electricity. The first model is smaller than the 

other models due to the lower percentage of urban residents in Afghanistan15. The second model 

explores rural areas only. The third model explores the whole sample. This model equations are as 

follows:  

Equation 1: Model 1 (Urban) Logistic Equation 

𝑀𝑜𝑑𝑒𝑙 1 =  𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌𝑖 = 1)) =
exp (𝛽0 + 𝛽𝑖𝑋𝑖)

(1 + 𝑒𝑥𝑝(𝛽0 + 𝛽𝑖𝑋𝑖))
 𝑖𝑓 𝑈 = 1 

Equation 2: Model 2 (Rural) Logistic Equation 

𝑀𝑜𝑑𝑒𝑙 2 =  𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌𝑖 = 1)) =
exp (𝛽0 + 𝛽𝑖𝑋𝑖)

(1 + 𝑒𝑥𝑝(𝛽0 + 𝛽𝑖𝑋𝑖))
 𝑖𝑓 𝑈 = 0 

Equation 3: Model 3 (Whole Sample) Logistic Equation 

𝑀𝑜𝑑𝑒𝑙 3 =  𝑙𝑜𝑔𝑖𝑡(𝑃(𝑌𝑖 = 1)) =
exp (𝛽0 + 𝛽𝑖𝑋𝑖)

(1 + 𝑒𝑥𝑝(𝛽0 + 𝛽𝑖𝑋𝑖))
 

P = Probability of event occurring. 

Y = Dependent variable, Electrical access. 

β0 = The Constant/Population Y Intercept. 

 
15 Urbanisation is a development indicator and if Afghanistan continues to develop, then the share of urban 
residents will increase. As much of the global population lives in urban areas, the number of observations in this 
model depends on the country of study.  
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βi = Population Slope coefficient.  

Xi = Vector of all the explanatory variables outlined in the data section.  

Exp = Exponential function (approximately 2.72) (Shi & Hua, 2021). 

U = Urban – whether the respondent is based in urban areas.  

Additionally, this thesis utilizes the odds ratios (hereafter OR). ORs are a function of 

probability and a means of interpreting the likelihood of an event occurring or not occurring 

(Nemes, Jonasson, Genell & Steineck, 2009). Effectively they ‘represent the odds that an outcome 

will occur given a particular exposure [the explanatory variables], compared to the odds of the 

outcome occurring in the absence of that exposure’ (Szumilas, 2010, p.1). If the odds ratio is one, 

then there is no association, or the variable has been omitted due to perfect success. This thesis 

takes the probabilities derived from the three model formulas and converts them to ORs via the 

following log-based equality (Osborne, 2008; Shi & Hua, 2021): 

Equation 4: Probability to Odds Ratio equality 

𝐿𝑜𝑔(𝑂𝑅) = 𝑙𝑜𝑔𝑖𝑡(𝑃 (𝑌𝑖 = 1)) = 𝑙𝑛
𝑃

(1 − 𝑃)
 

Another way to calculate ORs is using a two-way frequency table, which yields the following 

formula (Szumilas, 2010): 

Equation 5: Alternative Odds Ratio calculation 

𝑂𝑅𝑠 =  
𝑎/𝑐

𝑏/𝑑
=

𝑎𝑑

𝑏𝑐
 

In this thesis:   

a = Respondents with electricity and (an) explanatory variable(s). 

b = Respondents with no electricity and (an) explanatory variable(s). 

c = Respondents with electricity and no explanatory variable(s). 

d = Respondents with no electricity and no explanatory variable(s).    

 

4.2 Model and Study Limitations 
 

This section will explore limitations associated with survey data, in general, and the data 

for this thesis. Using second-hand survey data collected by others presents some unique challenges 
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that must be recognised. Some of the questionnaire and survey answers are undoubtedly inaccurate 

by materialising the respondents’ beliefs, origins, biases, and agendas (Cresswell, 2014). However, 

the large sample size mitigates the effects of an individual in this respect (Cresswell, 2014). 

Furthermore, respondents may have interpreted the questions differently than intended, which 

could skew results (Cresswell, 2014). Finally, Afghanistan is a multi-ethnic and multilingual 

country, and whilst the questionnaire and the questions were provided in multiple languages, it 

may not have reflected localised cultural norms.  

Moreover, the options themselves may have been limiting, as the respondents may have 

been unable to accurately convey their feelings or thoughts within the questions’ frameworks and 

the answer options provided, but this is mitigated by the sample size (Coughlan, Cronin & Ryan, 

2009). The surveyor may have also emphasised a particular word or choice, indirectly influencing 

the respondent (Coughlan, Cronin & Ryan, 2009). Indeed, the ordering of options and words may 

indicate some subconscious bias, possibly reflected in the respondents’ answers. Moreover, 

respondents may have taken shortcuts to save time and fulfil their obligations (Blasius & Thiessen, 

2012, 2015).  

The data does not reflect technological handover, learning, or knowledge spillovers 

associated with the international electrification projects by focusing on the individual and the 

household. Electricity is one of many categories, not the survey's primary focus, meaning extra 

attention was required to extract the electrical information from the surveys. Therefore, some 

electrical questions disappeared with time as surveyors’ priorities shifted. Covid-19 disrupted the 

data gathering process for 2020, decreasing the number of respondents whilst all questions were 

asked via the phone. Results may have been skewered if this data was included, as it is more likely 

that respondents with phones have electricity (Peltovuori, 2021).  

A lack of international involvement and a lack of projects nearby are indistinguishable in 

the dataset; the two are linked. Therefore, coding no for the international involvement variable 

can also mean that there were no projects nearby. As such, there is a degree of uncertainty in this 

variable.  

The socio-political situation in Afghanistan and its geography affect data gathering in 

various ways. The Asia Foundation outline this process in full below: 

‘In Balkh, Kabul, Herat, Kandahar, and Nangarhar Provinces, 1,104 men and women were 

interviewed using mobile devices loaded with Research Control Solutions (RCS) survey 
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software, while the remaining 16,708 respondents [of the 2019 interviewees] were 

interviewed using paper questionnaires… 

As of June 2019, when the sample was drawn for fieldwork in July, 66% of the population 

lived in districts accessible for fieldwork, 11% lived in districts accessible only to male 

interviewers, and 23% lived in totally inaccessible districts, leading to a replacement rate of 

32.7% of original sampling points, lower than 36.3% in 2018. Of 3,074 sampling points 

selected, a total of 1,006 villages from the main draw had to be replaced because of issues 

of security, remoteness, and weather, among other reasons…’ (Peltovuori, 2021) 

A replacement rate of 32.7 per cent is high and may be a reason for the high number of 

duplicates in the study – other respondents are simply not accessible through phone or paper 

questionnaires. Therefore, it is essential to note that the sample, which the study is based on, is 

not a wholly accurate representation of Afghanistan’s population. Many remote and inaccessible 

villages may not have been contacted by NGOs, international governments, the national 

government, or even local governments, making electrification unlikely. This replacement rate may 

also explain why 66.7 per cent of people in the third model have electricity when the Afghan 

electrification rate is projected to be roughly thirty to forty per cent (Mehrad, 2021).   

Moreover, the data collection environment itself is not controllable. Poor environmental 

control is critical for Afghanistan as many people live in fear and may change their answers 

(Zimbalist, 2018)16. Also, since the survey interviews were not conducted simultaneously, the 

answers may be accurate when asked, but the house could have received electricity the next day.  

4.3 Assumptions  
 

 Several assumptions play a part in the data management and cleaning process owing to the 

data and Afghanistan’s socio-technical regime for electricity. The first assumption is that the 

electrical coverage is consistent. Yet, blackouts are common in Afghanistan but cannot be 

quantified within a study of electrical access and its association with international involvement and 

solar power (Mehrad, 2021). As such, this is an unavoidable but unrealistic assumption.   

 Another assumption is that once an individual has received electricity, they keep it. While 

this may seem rudimentary, the local situations in Afghanistan change frequently. The Taliban is 

known for punishing individuals with unacceptable levels of government and international contact 

– and that could lead to reprisal for villages or communities with an affinity for solar panels and 

 
16 This is not a phenomenon unique to Afghanistan.  
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electrical access. Moreover, it is possible that some individuals temporarily lose electrical access 

during the establishment of renewable projects or the urban and transnational power systems’ 

expansion. This study does not account for either of these cases nor any other reason for losing 

acquired electricity.  

 The study assumes that international involvement in development projects directly or 

indirectly affects electrification. The dataset does not distinguish between the different 

categorisations of aid and international project involvement within development. The perception 

is that electricity is key to human welfare, and at the humanist core, the developmental support 

aims to increase Afghan welfare – putting aside ulterior motives by certain actors. Any project 

increasing irrigation possibilities, access to clean water, local job opportunities, education, and 

more should be in a symbiotic and mutually beneficial relationship with electrification based on 

the literature review (Riva et al., 2018). Indeed, electrical access has a positive association with the 

welfare factors highlighted above – globally and in Afghan communities – but testing this 

assumption is beyond this thesis’ scope (Molinder, Karlsson & Enflo, 2021; Riva et al., 2018; 

Romero-Jordán, del Río & Peñasco, 2016).  

5. Data  
 

This paper’s quantitative data is from an annual survey, called the “Survey of the Afghan 

People”, conducted in Afghanistan by the Asia Foundation (Peltovuori, 2019). The survey covers 

many topics: welfare, security, reconciliation with the Taliban, elections, and information sources, 

as well as electrical supply, expectations, uses, and sources. This data has been collected every year 

since 2003. The total number of observations is 129,834, spread over sixteen years, resulting in 

several duplicates and 18,511 unique, assigned identification numbers. The respondents’ identities 

are hidden, and the surveyors assigned these identification numbers. Anonymity is a priority, partly 

because of Afghanistan’s volatile security situation and the fear of reprisal. This thesis’ models 

have been limited to a maximum of three duplicates of the same ID number to ensure that the 

data is not skewed by the same individuals with electricity potentially showing up repeatedly.    

 As the data was collected over sixteen years, the questions and options changed over the 

years. Naturally, the answers and their meanings changed accordingly. As questions changed, new 

variables were created by the surveyors even if the underlying message or intention was similar or 

identical to the previous iteration. For instance, no single variable exploring respondents’ electrical 

access and supply covers the entire period. Therefore, there is no variable on solar power either, 

which necessitated a solar power variable’s construction based on numerous solar indicators and 

https://asiafoundation.org/publication/afghanistan-in-2019-a-survey-of-the-afghan-people/
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variables present in the dataset. The questionnaires’ reconstructions separated the solar variables, 

but since they were all dummy variables, combining them based on having or not having solar 

power was possible.   

5.1 Inclusion of Variables  
 

Dependent variable: Electrical access 

In the dataset, no variable covering electrical access exists throughout the entire period. 

Different categorical variables were used: some asked for the electrical source and others if the 

respondent had a particular source of electricity. As such, this study created an electrical access 

variable using all the different but related electrical variables.  

If any respondent coded yes on any electrical source or access question, it would translate 

into the constructed variable. Thus, there are two values – those who have responded yes to having 

electricity and those who have not, meaning the model contains absolute values of zero and one. 

It is the ideal dependent variable in a logistic model by exploring the probability of respondents 

having electricity based on various explanatory and control variables.  

Explanatory variable: International Involvement  

 As with the dependent variable, the explanatory variable of international involvement had 

to be created. In the dataset, numerous variables ask if selected foreign nations were or have been 

involved in development projects nearby. As such, the data does not look specifically at 

electrification. However, as the literature review confirms, electrification is key to Afghanistan’s 

sustainable development strategy. Therefore, the assumption is that development projects directly 

or indirectly contribute to electrification. Notably, observations coded as zero can also refer to the 

lack of projects in the respondents’ vicinity instead of a lack of international involvement in 

projects. For there to be international involvement in projects, there must be projects nearby.  

Explanatory Variable: Solar Power 

The surveyors recorded individuals and households powered by solar PV panels in 

different variables over the years; thus, there was no overlap in the observations between the 

numerous variables. Therefore, a cohesive variable’s construction was necessary. Alternatively, 

using one or two of the original yielded inconsistent results, especially for the early period. It would 

also not be an actual or accurate reflection of solar PV’s widespread installation. It is included in 

the variable if a respondent responded yes to having solar PV panels or a microgrid at any stage.  

Control Variable: Intngo 
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International non-governmental organisations (hereafter NGOs) have a sizeable presence 

in Afghanistan. The variable’s inclusion as a control ensures that international involvement is 

limited to direct governmental and governmental aid organ support. The respondents were asked 

about their trust level in these foreign organisations, coded as: 0 – No Trust, 1 – Not Very Much 

Trust, 2 – A Fair Amount of Trust, and 4 – a Great Deal of Trust.   

Control Variable: Income 

 Income is included as a control variable to keep financing and individual economic factors 

constant. For statistical purposes, the surveyors recorded respondents’ incomes in a categorical 

variable. Income is included because of the association between individual wealth and electrical 

access – either public through the government or the financial freedom to purchase solar panels 

for individual electrical access. The three models shed light on individual finances’ impact on 

electrical access through the rural-urban divide. Responses were coded as follows: 0 = No Income, 

1 = less than 2,000 Afghan Afghani (hereafter afs), 2 = 2,001 – 3,000 afs, 3 = 3,001 – 5,000 afs, 4 

= 5,001 – 10,000 afs, 5 = 10,001 – 15,000 afs, 6 = 15,001 – 20,000 afs, 7 = 20,001 – 25,000 afs, 8 

= 25,001 – 40,000 afs, and 9 = more than 40,000 afs.  

Control Variable: Corruption_whole 

Corruption is a significant issue in Afghanistan, influencing aid’s efficacy, economic 

progress, inequality, and more. It is also substantial in electrical access, dictating impact, such as 

getting electricity through public and private sources. Thus, keeping it constant is one way of 

eliminating national corruption. This variable is sourced by asking respondents whether they 

thought corruption was an issue in the whole country and is one of three corruption variables. 

Responses were coded as follows: 0 – Not a Problem, 1 – Minor Problem, and 2 – Major Problem.  

Control Variable: Corruption_daily 

This variable encodes whether respondents struggle with the effects of corruption in their 

daily lives. It charts who benefits and loses out through the system’s faults and failures, thereby 

keeping it constant also facilitates the removal of national corruption. Responses were coded as 

follows: 0 – Not a Problem, 1 – Minor Problem, and 2 – Major Problem.  

Control Variable: Corruption_dabs 

Corruption_dabs is the final corruption variable and refers to the state power utility DABS. 

Keeping it constant and controlling for it removes corruption from the electrical regime. 

Respondents were asked if they had had any dealings with DABS and whether they had to provide 
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“gifts” whenever they had dealings with these state electricity officials. Responses were coded as 

follows: 0 – No Contact, 1 – None of the Time/Never, 2 – Some of the Time/Isolated Cases, 3 

– Most of the Time/Cases, 4 – All the time/All Cases.  

Control Variable: Violence 

 This is another variable that is specific to unstable countries such as Afghanistan. As the 

Taliban is a violent insurgent group against modernisation, their presence will likely hamper 

developmental and electrical progress. Thus, keeping this variable constant ensures that the 

explanatory variables are unaffected by other criminal acts. The variable outlines whether the 

respondent or one of their close family members has been the victim of a violent, criminal act 

within the last year. The variable is coded as the absolute values of 0 – No, 1 – Yes.  

5.1.4 Model Descriptive Statistics  
 

Table 2: Descriptive Statistics for model 1: Urban 

 

Table 3: Descriptive Statistics for model 2: Rural 

Variables  Obs  Mean  Std. Dev.  Min  Max  p1  p99  Skew.  Kurt. 

 electricityaccess 6562 .79 .407 0 1 0 1 -1.426 3.034 

 intinv 6562 .432 .495 0 1 0 1 .276 1.076 

 solar 6562 .036 .187 0 1 0 1 4.961 25.609 

 corruption daily 6562 1.615 .656 0 2 0 2 -1.456 3.783 

 corruption dabs 6562 1.011 1.048 0 4 0 4 1.008 3.429 

 corruption whole 6562 .234 .627 0 2 0 2 2.381 6.796 

 violence 6562 .09 .286 0 1 0 1 2.867 9.221 

 intngo 6562 1.416 .96 0 3 0 3 -.062 2.004 

 income 6562 1.844 2.319 0 9 0 8 .907 2.683 

Variables  Obs  Mean  Std. Dev.  Min  Max  p1  p99  Skew.  Kurt. 

 electricityaccess 40516 .647 .478 0 1 0 1 -.615 1.378 

 intinv 40516 .345 .475 0 1 0 1 .651 1.423 

 solar 40516 .235 .424 0 1 0 1 1.248 2.557 

 corruption daily 40516 1.456 .713 0 2 0 2 -.923 2.509 

 corruption dabs 40516 .823 1.055 0 4 0 4 1.229 3.701 

 corruption whole 40516 .429 .787 0 2 0 2 1.387 3.054 

 violence 40516 .199 .4 0 1 0 1 1.504 3.262 

 intngo 40516 1.402 .961 0 3 0 3 .009 2.018 

 income 40516 2.166 2.135 0 9 0 7 .504 2.214 
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 Table 4: Descriptive Statistics for model 3: Whole Sample 

 

  

There are some notable differences between the statistics in the rural and the urban models, 

echoing the rural-urban divide in Afghanistan. Firstly, as the mean of electricityaccess is higher in 

model 1, more urban residents have electrical access. State power grids mainly supply their 

electricity as the solar percentage is much lower. The trust in international NGOs is similar, but 

urban residents have had more exposure to international involvement in development projects. 

Interestingly, rural residents are, on average, more wealthy than urban residents, but the range is 

greater in urban areas. 

6. Results  
 

As expected, the magnitude of results differed between the urban and rural areas based on 

Afghanistan’s social, political, and geographic landscape. The research question for the study is: 

How can the increase in the number of Afghan citizens with electrical access between 2003 and 

2019 be associated with changing pressures in the Afghan electricity sector’s socio-technical 

regime? From 2003 to 2019, Afghanistan’s electricity consumption rose as more individuals gained 

electrical access. The three models, with different observation counts, will each be explored in 

turn. The full results for all three models are available in Appendix A.   

6.1 Model 1 (Urban) 
Table 5: Model 1 (Urban) Summary Results 

Electricity Access 
& 
Variables 

Odds 
Ratio 

St.Err. T-value P-
value 

[95% Conf Interval] Sig 

International 
Involvement:  

7.761 .712 22.33 0 6.484 9.29 *** 

Solar: 1 . . . . .  

Violence: 1.158 .142 1.20 .231 .911 1.473  

1.intngo: 1.248 .111 2.49 .013 1.048 1.487 ** 

Variables  Obs  Mean  Std. Dev.  Min  Max  p1  p99  Skew.  Kurt. 

 electricityaccess 47078 .667 .471 0 1 0 1 -.708 1.502 

 intinv 47078 .357 .479 0 1 0 1 .595 1.354 

 solar 47078 .208 .406 0 1 0 1 1.442 3.079 

 corruption daily 47078 1.478 .708 0 2 0 2 -.987 2.626 

 corruption dabs 47078 .849 1.056 0 4 0 4 1.191 3.638 

 corruption whole 47078 .402 .77 0 2 0 2 1.489 3.347 

 violence 47078 .184 .388 0 1 0 1 1.629 3.655 

 intngo 47078 1.404 .96 0 3 0 3 -.001 2.016 

 income 47078 2.122 2.164 0 9 0 8 .562 2.269 
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Not Very Much 
Trust 
2.intngo: 
Fair Amount of 
Trust 

1.456 .126 4.36 0 1.23 1.724 *** 

3.intngo: 
Great Deal of Trust 

1.397 .171 2.74 .006 1.1 1.776 *** 

2.corruption_whole: 
Major Problem 

.773 .089 -2.24 .025 .617 .968 ** 

2.corruption_dabs: 
Isolated Cases 

1.507 .166 3.71 0 1.214 1.871 *** 
 

Constant 2.047 .285 5.14 0 1.558 2.69 *** 

Number of Observations: 6562 

*** p<.01, ** p<.05, * p<.1 

 

The model logistic classification score is 78.35 per cent, meaning that the model is a good 

predictor for the data. The complete classification table (table seven) can be found in Appendix B. 

The baseline odds for urban areas are 2.05:1, which is the expected value if all the predictors are 

set to zero.  

International involvement is more applicable for urban areas, and the odds ratio of having 

electricity with international involvement nearby is 7.76:1. With a significance level of 99 per cent, 

international involvement, aid, and FDI reject the null hypothesis that international involvement 

lacks an association with electrification among urban residents. Urban areas are geographic clusters 

centred around specific areas; thereby, the effects of individual projects are compounded and 

accelerated by the successor.  

The solar variable is omitted in urban areas as it predicts success completely; the probability 

is one. This means that individuals with solar power in urban areas are guaranteed to have 

electricity if all else is held constant. That should be a given, but that is not accurate for rural areas, 

as shown in section 6.2.  

Urban respondents who recognise corruption’s effect on the daily lives and Afghanistan 

have a negative association with electrification at a 99 and 95 per cent significance level, 

respectively. These individuals who do not benefit from the current system are disillusioned and 

disproportionately affected by the current regime. Conversely, bribing DABS officials in isolated 

cases, likely to be the first encounters, also has a strong positive association with electrical access 

– showing first-hand how individuals can manipulate the system for personal gain.  

Moreover, individuals and families who have been victims of violence are more likely to 

have electrical access in urban areas, even if it is not a statistically significant association. These 
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individuals are possibly influential and working in governance, journalism, social activism, or 

government and are thus more likely to be targeted by criminal or subversive elements.  

6.2 Model 2 (Rural) 
 

Table 6: Model 2 (Rural) Summary Results 

Electricity Access 
& 
Variables 

Odds 
Ratio 

St.Err. T-value P-
value 

[95% Conf Interval] Sig 

International 
Involvement:  

3.127 .079 45.19 0 2.976 3.285 *** 

Solar: 326.106 52.604 35.88 0 237.712 447.368 *** 

Violence: .813 .025 -6.78 0 .766 .863 *** 

1.intngo: 
Not Very Much 
Trust 

1.125 .038 3.47 .001 1.053 1.203 *** 

2.intngo: 
Fair Amount of 
Trust 

1.182 .039 5.05 0 1.108 1.262 *** 

3.intngo: 
Great Deal of Trust 

1.207 .051 4.46 0 1.111 1.312 *** 

2.corruption_whole: 
Major Problem 

.773 .089 -2.24 .025 .617 .968 ** 

2.corruption_dabs: 
Isolated Cases 

1.507 .166 3.71 0 1.214 1.871 *** 

2.corruption_dabs: 
Isolated Cases 

1.717 .066 14.15 0 1.593 1.85 *** 

3.corruption_dabs:  
Most Cases 

1.713 .082 11.20 0 1.559 1.882 *** 

4.corruption_dabs:  
All Cases 

1.254 .097 2.92 .004 1.077 1.461 *** 

7.income: 
20,001-25,000 afs 

1.249 .134 2.08 .037 1.013 1.54 ** 

8.income: 
25,000-40,000 afs 

1.417 .221 2.24 .025 1.044 1.923 ** 

9.income: 
More than 40,000 afs 

1.521 .321 1.98 .047 1.005 2.302 ** 

2.corruption_daily: 
Major Problem 

1.126 .041 3.24 .001 1.048 1.209 *** 

Constant .541 .024 -13.64 0 .496 .591 *** 

Number of Observations: 40516 

*** p<.01, ** p<.05, * p<.1 

 

Elements change in rural areas, showing the stark-rural urban divide. The baseline odds 

for rural regions are .541:1, which is significantly lower than the urban areas. Even with the 

considerably higher sample size, the model is still 72.19 per cent accurate, as shown in Table 8 in 

Appendix B.  Having solar power is not omitted, meaning that individuals with solar power do not 

necessarily have electrical access. There could be several reasons for this. Firstly, individuals could 

be targeted because of having solar power, affecting electrical access. Secondly, the respondents, 

and their immediate network, may lack the technical capacity to install or maintain the solar panels 
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– leading to rapid panel degradation. People with solar panels are 326 times more likely to have 

electricity to a significance level of 99 per cent, showing how important and influential solar panels 

are in Afghanistan’s electrification.  

International involvement has an odds ratio of 3.13:1 at a significance level of 99 per cent, 

showing that electrification is much higher for respondents with international involvement in 

projects nearby, showcasing the prevalence of geographic clustering. International involvement is 

likely to be concentrated in specific areas, with a plethora of different developmental interactions. 

This international attitude is reflected in the international NGO variable, as there is a strong 

positive correlation between electrical access and levels of trust.  

Compared with having no income, higher-income categories are significant in rural 

electrification as the onus is on the individual to ensure their electrification. The apparent positive 

association between electricity and income in rural areas ties in with solar panel acquisition. 

Effectively, wealthier individuals can buy solar panels to ensure their electrical supply and not rely 

on virtually non-existent regional or national assistance.  

Violence in rural areas is negatively and significantly associated with electrical access, with 

an odds ratio of .81:1. The opposite is true in urban areas. Individuals and communities in rural 

areas are more likely to be the Taliban’s targets of retribution through international cultural 

influence and technological advances.  

While only isolated cases of DABS corruption are significant in urban areas, all three 

(isolated, some, and all cases) are significant in rural areas and strongly positively associated with 

electrical access. Bribing state electricity officials, sometimes, often, and always are associated with 

1.7:1, 1.7:1, and 1.2:1 ORS, respectively. Individuals with enough disposable income to potentially 

bribe officials are also likely to afford solar panels; therefore, the correlation may not be directly 

causal or even correlated.  

6.3 Model 3 (Whole Sample) 
 

Table 7: Model 3 (Whole Sample) Summary Results 

Electricity Access 
& 
Variables 

Odds 
Ratio 

St.Err. T-value P-
value 

[95% Conf Interval] Sig 

International 
Involvement:  

3.361 .08 51.16 0 3.208 3.52 *** 

Solar:  283.392 45.664 35.04 0 206.647 388.638 *** 

Violence:  .75 .022 -9.88 0 .709 .794 *** 

1.intngo: 1.129 .035 3.88 0 1.062 1.201 *** 
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Not Very Much 
Trust 
2.intngo: 
Fair Amount of 
Trust 

1.224 .037 6.65 0 1.153 1.3 *** 

3.intngo: 
Great Deal of Trust 

1.225 .048 5.18 0 1.134 1.323 *** 

2.corruption_daily: 
Major Problem 

1.126 .041 3.24 .001 1.048 1.209 *** 

2.corruption_dabs: 
Isolated Cases 

1.724 .061 15.35 0 1.608 1.849 *** 

3.corruption_dabs:  
Most Cases 

1.674 .075 11.43 0 1.532 1.828 *** 

4.corruption_dabs:  
All Cases 

1.289 .093 3.53 0 1.12 1.485 *** 

4.corruption_dabs:  
All Cases 

1.254 .097 2.92 .004 1.077 1.461 *** 

1.income:  
Less than 2,000 afs 

.876 .042 -2.75 .006 .797 .963 *** 

6.income 
15,001-20,000 afs 

1.292 .076 4.35 0 1.151 1.45 *** 

9.income: 
More than 40,000 afs 

1.521 .321 1.98 .047 1.005 2.302 ** 

1.corruption_whole:  
Minor Problem 

.832 .042 -3.60 0 .753 .92 *** 

2.corruption_whole:  
Major Problem 

.895 .027 -3.72 0 .845 .949 *** 

Constant .693 .029 -8.88 0 .639 .751 *** 

Number of Observations: 47078 

*** p<.01, ** p<.05, * p<.1 

 

The third model combines the rural and the urban samples and portrays them by selecting 

a whole population sample. It is the model with the highest observation count, and the lowest 

correct classification, 71.60 per cent of observations are correctly classified. The full classification 

table for the model is in Appendix B. The baseline odds are .693:1, a combination of the high 

urban and low rural constant odds. 

In a diversified country, both micro-grid solar power and international involvement 

correlate positively with electrification, highlighting the different pressures and transformations 

occurring within the electricity regime. Both solar power and international involvement are 

significant to the 99 per cent significance level. Moreover, many control variables are essential, if 

all else is held constant, at the 95 per cent significance level. This model combines the influential 

factors in the preceding models and portrays a sample of the whole country.  

The OR of having electrical access with solar power decreases in the third model compared 

with the second. However, an individual with solar panels is still 283:1 more likely to have 

electricity if all else is held constant, rejecting the null hypothesis at the ninety-five and the ninety-

nine per cent significance level. International involvement’s electrification effect is significantly 
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lower in the third model than the first due to the lower urban population count and the geographic 

and cultural accessibility barriers. Yet, an individual is still 3.36:1 more likely to have electricity if 

the individual knows of an international development project nearby, showing the dissemination 

across Afghanistan.    

 The full scale of Afghanistan’s crime problem is apparent in model three. Individuals and 

family members who have experienced violent crimes in the last year are .75:1 less likely to have 

electrical access. Moreover, DABS officials’ corruption is associated with increased electrical 

access, compared to no bribery, in all categories – isolated cases, some cases, and all the cases. The 

people of Afghanistan are fully aware of corruption’s grip on the country and how it affects their 

daily lives and the nation. These negative associations at the 99 per cent significance level highlight 

the system transformations that must take place.     

7. Analysis and Discussion 
 

 Pressures from above and below affect the socio-technical regime for electricity in 

Afghanistan. This is exemplified by the rejection of both null hypotheses, meaning that there is a 

significant association between solar power and international involvement and increased individual 

electrical access throughout Afghanistan between 2003 and 2019.  

The differing ORs observed in urban and rural areas reflect the Afghan social landscape. 

Solar power’s increased access in rural areas, through the higher mean, confirms the literature 

review in stating the facility of obtaining Indian and Chinese solar panels in local markets to create 

off-grid and individual or community-based microgrids. Afghanistan’s solar potential is reflected 

in the qualitative studies on the LCOE decreases in solar PV in developing countries, the satellite 

models on the DNI and GHI ratings, and realities on the ground in Afghanistan. There could have 

been a large gap between the theoretical applicability and the realised installation, diffusion, and 

adoption rates of solar PV in Afghanistan, but that is not the case. Whether this typology can be 

expanded to other developing countries remains to be seen.  

High, long-term FDI does not finance the electrification and renewable transition in 

Afghanistan. Coupled with aid’s diminishing rate of return and the apparent ineffectiveness and 

wastefulness of the Afghan system, evidenced by project development motivations and the 

monetary outflow, should indicate a lack of a significant positive association between international 

involvement and electricity access. Instead, it is the rural-urban variation that is noteworthy, not 

the absence of significant associations. The lack of accessibility to some rural areas is a de facto 

barrier – the data collection measures highlight geographic, gender-based, security-related, and 
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cultural barriers (Peltovuori, 2021). These obstacles are likely to be amplified for the international 

partners. However, these barriers are accounted for in the dataset by the replacement rate, meaning 

that the cause(s) must lie elsewhere (Peltovuori, 2021).  

The literature review outlines several other possible explanations. Firstly, the international 

partners rely on their domestic counterparts, such as DABS or MEW, to realise, operate, and 

maintain rural projects. These institutions limit their scope to urban areas, thereby limiting the 

international involvement’s reach as well. Another possible reason could be that ulterior motives 

confine aid. As the British military used aid as an indirect combat tool against the Taliban, the 

British government may have been unwilling to finance projects in areas with entrenched Taliban 

support or an absence of realisable benefit.  

Alternatively, it may be a conscious policy decision. The possibility exists that the foreign 

governments believe that the results in urban areas may be favourable, leveraging operating in 

areas where project outcomes, investments, personnel, and equipment may theoretically be safer, 

such as Kabul or Herat. This thesis cannot address or answer this question, and further 

developmental research is required to explore the international partners’ priorities. The 

consequence of this diminished rural focus is evident through the deepening rural-urban gulf.   

The international projects in question were developmental and not specifically 

electrification-related. Thus, the magnitude of the international involvement ORs is substantial, 

considering increased electrification may be a by-product rather than the main project focus of the 

nearby project. Electrification development by international involvement is measured indirectly by 

proxy and as part of the developmental projects umbrella term. Thus, it is possible and even likely 

that the ORs may have been higher if the respondents were directly asked about their knowledge 

of electrification projects.  

 The thesis’ results have other implications by suggesting a clear association between 

electricity access and various welfare and development indicators. Another way of investigating 

the relationship between electricity and development factors is using the HCI and looking at the 

changes over the thesis’ period. Limited HCI data exists for Afghanistan, especially in the early 

thesis period. In 2017, the HCI score for Afghanistan was 0.389 out of 1 (World Bank Group, 

2021d)17. Yet, in 2020, the score was 0.4, which is a rise of nearly three per cent (World Bank 

Group, 2021e). As the data suggests a correlation between electricity access and development, it 

can be assumed that there also is an association between increased electrical access and HCI. One 

 
17 Among the countries who score highest are the Nordic countries, all scoring around 0.8. 
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of the data points is test scores, and there is an indirect relationship, as established by the literature 

review, between educational attainment and electricity (Niu et al., 2013; Riva et al., 2018). Increased 

electrical access is likely to have furthered Afghanistan's development and human capital metrics 

in the period.  

Applying the MLP framework, the thesis’ theoretical conceptualisation shows the regime 

is under pressure from above and below. Foreign demand for measurable outcomes and results 

for continued project funding, the pressure to increase solar PV installed capacity, and the 

individual installation of solar PV panels ensure that progress is outpacing the faltering 

government’s creation and adoption of policies and frameworks. There is an argument that the 

thesis’ results suggest that solar PV is not a niche technology anymore. The high diffusion level, 

especially in rural areas, has established solar PV as a component of the regime, a visible result of 

internal momentum’s stabilisation and the expectations and networks filtering down from the 

landscape level (Geels & Schot, 2007). The non-monetary elements of FDI are a component of 

this process.  

This typological change was regular and stable since the coalition invasion, with no specific 

shocks or disruptive behaviours (Geels & Schot, 2007; Suarez & Oliva, 2005). The pressure was 

constant through social-institutional negotiations key to Afghanistan’s electrification and 

renewable transitions on a state and national level (Geels & Schot, 2007). On the grassroots level, 

the endogenous process resembles evolutionary economics as consumers select specific products 

that match desired characteristics, in this case, likely to be price, accessibility, and ease of 

installation (Geels & Schot, 2007). Therefore, two different processes are co-occurring – separating 

the Afghan typological pathways. This separation reflects the geographic, institutional, social, and 

political chasm between centralised urban and decentralised rural areas. They are developing and 

transitioning virtually independently of each other at differing speeds. There is an argument to be 

made that Afghanistan is amid not one renewable transition but two: urban versus rural, as well as 

international and government development versus solar PV microgrids. This dynamic and the 

interactions between specific actors in the innovation, diffusion, and development spaces could be 

a basis for future exploration. 

 The increasing share of renewable energy in Afghanistan’s energy landscape begs some 

questions. As the models and the literature review show, corruption, violence, system 

mismanagement, and inadequate policy frameworks are hallmarks of the Afghan system. Yet, the 

pace of the renewable transitions is remarkable, so why is this pace not seen in countries with 

stable governmental systems, higher GDP per capita, security, and order (Smil, 2016; Sovacool, 
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2016). Grubler (2012) stipulates that it may be easier for developing countries to transition due to 

the lack of fossil fuel dependencies; however, “easy” may be the wrong word, as it is more a 

question of will and motivations. Green technologies are maturing and cheaper than fossil fuels 

worldwide but are not funded or implemented nationally. New frameworks must be developed to 

reflect the current reality, replacing existing frameworks centred around the potential of developed 

countries with weak or negligent climate change policies and non-existent political will.  

8. Robustness Check  
 

 In this thesis, up to three duplicates of the ID numbers were included in all three models. 

Therefore, for this robustness check, two alternative model specifications will be run for all three 

models: zero duplicates and one with up to five replications. The models with zero duplicates are 

in appendix C, while the models with up to five duplicates are in appendix D.  

The models with zero duplicates remove too many observations for a meaningful study. It 

results in some variables that have no observations and ORs for the first model (urban). 

Furthermore, both explanatory variables are omitted in all three models due to perfect success, 

thereby negating the thesis’ reason to exist. Additionally, an inherent fault in small to moderate 

sample size logistic models is that ORs are overestimated (Nemes et al., 2009). Therefore, including 

some duplicates presented a way to negate both issues.  

 Conversely, the models with up to five duplicates have more observations than the thesis’ 

models. However, their reliability is affected by the number of potential duplicates, thereby 

potentially skewing the data. Five duplicates mean that the individual could be coded five times in 

the sixteen years, once every three years, whilst others were only coded once. The repeatability of 

the study would be critically affected (Kallner & Theodorsson, 2020). As such, three duplicates are 

a middle ground by providing a means of dropping superfluous duplicates while also ensuring a 

large enough sample size for replicable results, meaningful variable integration, and accurate ORs 

but not so many as to question the observations’ or study’s integrity (Sarracino & Mikucka, 2017).  

 The Hosmer-Lemeshow tests look at the predicted probabilities at set percentiles, thus 

assessing the goodness-of-fit for the model (Fagerland & Hosmer, 2012; Harrell, 2015a; Hosmer, 

Lemeshow & Klar, 1988; Paul, Pennell & Lemeshow, 2013). The large sample sizes mean that the 

Hosmer-Lemeshow statistic itself is not the most accurate goodness-of-fit indicator. Instead, 

grouping the observations into ten groups allows for checking the goodness-of-fit at different 

percentiles. Table 20 in appendix E corresponds to model 1, table 21 to model 2, and table 22 to 

model 3.  
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 In all three models, the goodness of fit, measured by the probability in column one, 

increases as the percentile changes. Ultimately, while the models could improve their low-level 

predictions, these observations are primarily individuals with no exposure to any explanatory 

variables and no electrical access, mitigating the impact on the thesis. The models display a 

goodness-of-fit of a quality sufficient for significant econometric analysis.  

9. Conclusion 
 

 The Afghan socio-technical regime for electricity is undergoing noteworthy and noticeable 

changes, evidenced by the rejection of both null hypotheses and the increased electrical access 

across the country between 2003 and 2019. The pressure exerted internally and externally (from 

above and below) brought about meaningful and ambitious electrical policies. The government 

intends to be the change driver; however, the rural population is reforming the socio-technical 

system through their solar PV acquisition and installation. Unfortunately, the electrical socio-

technical regime is heavily influenced by socio-political and security issues such as corruption’s 

grip on daily life, the country, and DABS officials, alongside the realised violence on behalf of 

insurgencies, insurrections, and the Taliban. While the renewable transition and electrification 

progress has been steady, there is no doubt that these are barriers to a continued progression, 

especially in rural areas.  

The thesis has shown apparent differences between urban and rural areas across the 

explanatory and control variables. While international involvement partners are engaged with the 

rural population, the urban areas are the primary focus for project funds, thereby exasperating the 

rural-urban divide. However, as the population count in urban areas is much smaller, the impact 

of foreign involvement is lesser than solar PV’s rural association. Nevertheless, the international 

impact is genuine and foreign involvement has created some of the necessary underlying 

conditions for electrical and developmental progress across the country. The link between 

electrical access and developmental, human capital, and welfare progress should not be 

underestimated.  

Solar PV has the potential to become a critical renewable energy source through its near-

universal applicability. Case studies in rural India, Sub-Saharan Africa, Northern Africa, the Middle 

East, Central Asia, Southeast Asia, and Latin America all show the technology’s potential to change 

the energy landscape in developing and developed countries. Afghanistan can serve as an example 

in the renewable transition roadmap-making through the extremity of its socio-political situation. 

As Afghanistan is an LDC undergoing a meaningful transition, Afghanistan's status should inspire 



47 

 

developing and developed countries alike. It should also serve as a reminder that significant change 

will not occur without making tough choices, departing from the established status quo, and 

garnering the willingness to follow through.  

Finally, this thesis proposes paths for future research. Studies charting the technological 

and sociological diffusion of solar PV panels in a village community should be prioritised, the 

precise motivations for adopting the panels – whether financial, accessibility-related, or even 

health-related –. Understanding the intricacies of the socio-technical regime pressures requires data 

exploring individuals’ choices and motivations for electrical supply. Indeed, these studies are 

arguably necessary to create specific policy and analytical frameworks for developing countries. 
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Appendix A 
 

Table 8: Model 1 (Urban) full results 

Electricity Access & 
Variables 

Odds 
Ratio 

St.Err. T-value P-value [95% Conf Interval] Sig 

International Involvement:  7.761 .712 22.33 0 6.484 9.29 *** 

Solar: 1 . . . . .  

Violence: 1.158 .142 1.20 .231 .911 1.473  

0b.corruption_daily:  
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.732 .104 -2.19 .029 .554 .968 ** 

2.corruption_daily: 
Major Problem 

.582 .075 -4.22 0 .453 .748 *** 

0b.corruption_whole:  
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.99 .256 -0.04 .97 .597 1.642  

2.corruption_whole: 
Major Problem 

.773 .089 -2.24 .025 .617 .968 ** 

1b.corruption_dabs:  
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.507 .166 3.71 0 1.214 1.871 *** 

3.corruption_dabs:  
Most Cases 

1.257 .186 1.55 .122 .941 1.68  

4.corruption_dabs:  
All Cases 

1.173 .263 0.71 .476 .756 1.822  

0b.income:  
No income 

1 . . . . .  

1.income:  
Less than 2,000 afs 

1.726 .422 2.23 .026 1.069 2.786 ** 

2.income  
2,001-3000 afs 

1.243 .212 1.27 .203 .889 1.737  

3.income 
3,001-5,000 afs 

1.104 .146 0.75 .456 .851 1.431  

4.income 
5,001-10,000 afs 

1.485 .167 3.52 0 1.191 1.851 *** 

5.income 
10,001-15,000 afs 

1.464 .221 2.52 .012 1.089 1.968 ** 

6.income 
15,001-20,000 afs 

1.379 .251 1.77 .077 .965 1.969 * 

7.income 
20,001-25,000 afs 

1.25 .326 0.86 .392 .75 2.086  

8.income 
25,000-40,000 afs 

.995 .31 -0.02 .988 .541 1.832  

9.income 
More than 40,000 afs 

2.24 1.241 1.46 .145 .756 6.634  

0b.intngo:  
No Trust 

1 . . . . .  

1.intngo: 
Not Very Much Trust 

1.248 .111 2.49 .013 1.048 1.487 ** 

2.intngo: 
Fair Amount of Trust 

1.456 .126 4.36 0 1.23 1.724 *** 

3.intngo: 
Great Deal of Trust 

1.397 .171 2.74 .006 1.1 1.776 *** 

Constant 2.047 .285 5.14 0 1.558 2.69 *** 

*** p<.01, ** p<.05, * p<.1 
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Table 9: Model 2 (Rural) full results 

Electricity Access & 
Variables  

Odds 
Ratio 

 St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International Involvement:  3.127 .079 45.19 0 2.976 3.285 *** 

Solar: 326.106 52.604 35.88 0 237.712 447.368 *** 

Violence: .813 .025 -6.78 0 .766 .863 *** 

0b.corruption_daily:  
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

1.013 .039 0.33 .741 .939 1.093  

2.corruption_daily: 
Major Problem 

1.126 .041 3.24 .001 1.048 1.209 *** 

0b.corruption_whole:  
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.921 .049 -1.57 .117 .83 1.021  

2.corruption_whole: 
Major Problem 

.978 .031 -0.70 .485 .92 1.04  

1b.corruption_dabs:  
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.717 .066 14.15 0 1.593 1.85 *** 

3.corruption_dabs:  
Most Cases 

1.713 .082 11.20 0 1.559 1.882 *** 

4.corruption_dabs:  
All Cases 

1.254 .097 2.92 .004 1.077 1.461 *** 

0b.income:  
No income 

1 . . . . .  

1.income:  
Less than 2,000 afs 

1.01 .051 0.19 .849 .914 1.115  

2.income:  
2,001-3000 afs 

.939 .04 -1.46 .146 .863 1.022  

3.income: 
3,001-5,000 afs 

.977 .036 -0.64 .523 .909 1.05  

4.income: 
5,001-10,000 afs 

1.147 .041 3.89 0 1.071 1.23 *** 

5.income: 
10,001-15,000 afs 

1.31 .06 5.94 0 1.199 1.432 *** 

6.income: 
15,001-20,000 afs 

1.375 .087 5.00 0 1.214 1.557 *** 

7.income: 
20,001-25,000 afs 

1.249 .134 2.08 .037 1.013 1.54 ** 

8.income: 
25,000-40,000 afs 

1.417 .221 2.24 .025 1.044 1.923 ** 

9.income: 
More than 40,000 afs 

1.521 .321 1.98 .047 1.005 2.302 ** 

0b.intngo:  
No Trust 

1 . . . . .  

1.intngo: 
Not Very Much Trust 

1.125 .038 3.47 .001 1.053 1.203 *** 

2.intngo: 
Fair Amount of Trust 

1.182 .039 5.05 0 1.108 1.262 *** 

3.intngo: 
Great Deal of Trust 

1.207 .051 4.46 0 1.111 1.312 *** 

Constant .541 .024 -13.64 0 .496 .591 *** 

*** p<.01, ** p<.05, * p<.1 
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Table 10: Model 3 (Whole Sample) full results 

Electricity Access & 
Variables  

Odds 
Ratio 

 St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International Involvement:  3.361 .08 51.16 0 3.208 3.52 *** 

Solar:  283.392 45.664 35.04 0 206.647 388.638 *** 

Violence:  .75 .022 -9.88 0 .709 .794 *** 

0b.corruption_daily:  
Not a Problem 

1 . . . . .  

1.corruption_daily:  
Minor Problem 

.971 .036 -0.79 .428 .904 1.044  

2.corruption_daily:  
Major Problem 

1.118 .038 3.25 .001 1.045 1.195 *** 

0b.corruption_whole:  
Not a Problem 

1 . . . . .  

1.corruption_whole:  
Minor Problem 

.832 .042 -3.60 0 .753 .92 *** 

2.corruption_whole:  
Major Problem 

.895 .027 -3.72 0 .845 .949 *** 

1b.corruption_dabs:  
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.724 .061 15.35 0 1.608 1.849 *** 

3.corruption_dabs:  
Most Cases 

1.674 .075 11.43 0 1.532 1.828 *** 

4.corruption_dabs:  
All Cases 

1.289 .093 3.53 0 1.12 1.485 *** 

0b.income:  
No income 

1 . . . . .  

1.income:  
Less than 2,000 afs 

.876 .042 -2.75 .006 .797 .963 *** 

2.income  
2,001-3000 afs 

.825 .034 -4.72 0 .762 .894 *** 

3.income 
3,001-5,000 afs 

.857 .03 -4.48 0 .801 .917 *** 

4.income 
5,001-10,000 afs 

1.056 .035 1.67 .094 .991 1.126 * 

5.income 
10,001-15,000 afs 

1.185 .05 3.99 0 1.091 1.289 *** 

6.income 
15,001-20,000 afs 

1.292 .076 4.35 0 1.151 1.45 *** 

7.income 
20,001-25,000 afs 

1.237 .12 2.19 .028 1.023 1.495 ** 

8.income 
25,000-40,000 afs 

1.414 .192 2.55 .011 1.084 1.846 ** 

9.income 
More than 40,000 afs 

1.617 .308 2.52 .012 1.112 2.35 ** 

0b.intngo:  
No Trust 

1 . . . . .  

1.intngo: 
Not Very Much Trust 

1.129 .035 3.88 0 1.062 1.201 *** 

2.intngo: 
Fair Amount of Trust 

1.224 .037 6.65 0 1.153 1.3 *** 

3.intngo: 
Great Deal of Trust 

1.225 .048 5.18 0 1.134 1.323 *** 

Constant .693 .029 -8.88 0 .639 .751 *** 

*** p<.01, ** p<.05, * p<.1 
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Appendix B 
Table 11: Estat Classification for Model 1 (Urban) 

Logistic model for model 1 (Urban) 

Classified D ~D  Total 

 +  4936 1357 6293 

  - 12 19 31 

Total 4948 1376 6324 

Classified + if predicted Pr(D) >= .5 

True D defined as electricityaccess != 0 

Sensitivity   Pr (+|D) 99.76% 

Specificity Pr( -|~D) 1.38% 

Positive predictive value Pr( D| +) 78.44% 

Negative predictive value Pr(~D| -)  61.29% 

False + rate for true ~D 
 

98.62% 

False - rate for true D 
 

0.24% 

False + rate for classified + 
 

21.56% 

False - rate for classified = 
 

38.71% 

Correctly classified  
 

78.35% 

 

Table 12: Estat Classification for Model 2 (Rural) 

Logistic model for model 2 (rural) 

Classified D ~D  Total 

 +  19955 5013 24968 

  - 6255 9293 15548 

Total 26210 14306 40516 

Classified + if predicted Pr(D) >= .5 

True D defined as electricityaccess != 0 

Sensitivity 
 

Pr( +| D)  76.14% 

Specificity 
 

Pr( -|~D) 64.96% 

Positive predictive value 
 

Pr( D| +) 79.92% 

Negative predictive value 
 

Pr(~D| -)  59.77% 

False + rate for true ~D 
  

35.04% 

False - rate for true D 
  

23.86% 

False + rate for classified + 
  

20.08% 

False - rate for classified = 
  

40.23% 

Correctly classified  
  

72.19% 

 

Table 13: Estat Classification for Model 3 (whole sample) 

Logistic model for model 3 (Whole Sample) 

Classified D ~D  Total 

 +  24153 6126 30279 

  - 7243 9556 16799 

Total 31396 15682 47078 

Classified + if predicted Pr(D) >= .5 
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True D defined as electricityaccess != 0 

Sensitivity 
 

Pr( +| D)  76.93% 

Specificity Pr( -|~D) 60.94% 

Positive predictive value Pr( D| +) 79.77% 

Negative predictive value Pr(~D| -)  56.88% 

False + rate for true ~D 
 

29.06% 

False - rate for true D 
 

23.07% 

False + rate for classified + 20.23% 

False - rate for classified = 43.12% 

Correctly classified  71.60% 
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Appendix C 
 

Table 14: Robustness check model 1 with zero duplicates 

Electricity Access & 

Variables 

 Odds 
Ratio 

 
St.Err. 

 t-
value 

 p-
value 

 [95% 
Conf 

 
Interval] 

 
Sig 

International Involvement:  1 . . . . .  

Solar:  1 . . . . .  

Violence:  1 . . . . .  

0b.corruption_daily: Not a 

Problem 

1 . . . . .  

1.corruption_daily: Minor 

Problem 

1.771 1.034 0.98 .328 .564 5.563  

2.corruption_daily: Major 

Problem 

1 . . . . .  

0b.corruption_whole: Not a 

Problem 

1 . . . . .  

1.corruption_whole: Minor 

Problem 

1 . . . . .  

2.corruption_whole: Major 

Problem 

.463 .325 -1.10 .273 .117 1.836  

1b.corruption_dabs: No Cases 1 . . . . .  

2.corruption_dabs: Isolated Cases .423 .259 -1.41 .159 .128 1.402  

3.corruption_dabs: Most Cases 1 . . . . .  

4.corruption_dabs: All Cases 1 . . . . .  

0b.income: No income 1 . . . . .  

1.income:  Less than 2,000 afs 1 . . . . .  

2.income: 2,001-3000 afs 1 . . . . .  

3.income: 3,001-5,000 afs 1 . . . . .  

4.income: 5,001-10,000 afs .654 .736 -0.38 .706 .072 5.939  

5.income: 10,001-15,000 afs 1 . . . . .  

6.income: 15,001-20,000 afs 1 . . . . .  

7.income: 20,001-25,000 afs 1 . . . . .  

8.income: 25,000-40,000 afs 1 . . . . .  

9.income: More than 40,000 afs 1.621 .751 1.04 .297 .653 4.02  

0b.intngo: No Trust 1.554 .741 0.92 .355 .611 3.955  

1.intngo: Not Very Much Trust 3.3 3.599 1.09 .274 .389 27.987  

Constant 6.654 2.024 6.23 0 3.666 12.076 *** 

Number of Observations: 311 

*** p<.01, ** p<.05, * p<.1 
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Table 15: Robustness check model 2 with zero duplicates 

Electricity 
Access & 
Variables  

Odds Ratio  St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International 
Involvement:  

1 . . . . .  

Solar:  1 . . . . .  

Violence:  1.399 .337 1.39 .164 .872 2.244  

0b.corruption_daily: 
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.617 .283 -1.05 .293 .251 1.517  

2.corruption_daily: 
Major Problem 

.594 .262 -1.18 .237 .251 1.408  

0b.corruption_whole: 
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.547 .307 -1.08 .282 .182 1.642  

2.corruption_whole: 
Major Problem 

.611 .14 -2.15 .031 .39 .957 ** 

1b.corruption_dabs: 
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.772 .544 1.86 .062 .971 3.235 * 

3.corruption_dabs: 
Most Cases 

3.017 1.303 2.56 .011 1.294 7.033 ** 

4.corruption_dabs: 
All Cases 

1.515 .908 0.69 .488 .468 4.906  

0b.income: No 
income 

1 . . . . .  

1.income:  Less than 
2,000 afs 

2.085 .524 2.92 .003 1.274 3.414 *** 

2.income: 2,001-
3000 afs 

2.357 .623 3.25 .001 1.405 3.955 *** 

3.income: 3,001-
5,000 afs 

2.395 .876 2.39 .017 1.169 4.907 ** 

4.income: 5,001-
10,000 afs 

1 . . . . .  

5.income: 10,001-
15,000 afs 

2.456 2.776 0.79 .427 .268 22.51  

6.income: 15,001-
20,000 afs 

.31 .191 -1.90 .057 .093 1.035 * 

7.income: 20,001-
25,000 afs 

.876 .297 -0.39 .696 .45 1.704  

8.income: 25,000-
40,000 afs 

.481 .135 -2.60 .009 .277 .835 *** 

9.income: More than 
40,000 afs 

.727 .24 -0.97 .333 .381 1.387  

0b.intngo: No Trust 1.15 .523 0.31 .758 .472 2.806  

1.intngo: Not Very 
Much Trust 

2.48 1.626 1.39 .166 .686 8.963  

Constant 2.234 1.038 1.73 .084 .899 5.555 * 

Number of Observations: 575 

*** p<.01, ** p<.05, * p<.1 
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Table 16: Robustness check model 3 with zero duplicates 

Electricity 
Access & 
Variables  

 Odds 
Ratio. 

St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International 
Involvement:  

1 . . . . .  

Solar:  1 . . . . .  

Violence:  1.145 .263 0.59 .556 .73 1.795  

0b.corruption_daily: 
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.445 .192 -1.88 .06 .191 1.036 * 

2.corruption_daily: 
Major Problem 

.474 .197 -1.80 .072 .21 1.069 * 

0b.corruption_whole: 
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.447 .24 -1.50 .134 .156 1.28  

2.corruption_whole: 
Major Problem 

.466 .099 -3.60 0 .308 .706 *** 

1b.corruption_dabs: 
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.146 .312 0.50 .618 .672 1.954  

3.corruption_dabs: 
Most Cases 

2.208 .947 1.85 .065 .953 5.115 * 

4.corruption_dabs: 
All Cases 

1.46 .853 0.65 .517 .465 4.586  

0b.income: No 
income 

1 . . . . .  

1.income:  Less than 
2,000 afs 

1.678 .353 2.46 .014 1.112 2.533 ** 

2.income: 2,001-
3000 afs 

1.916 .423 2.94 .003 1.243 2.954 *** 

3.income: 3,001-
5,000 afs 

2.064 .673 2.22 .026 1.09 3.909 ** 

4.income: 5,001-
10,000 afs 

1 . . . . .  

5.income: 10,001-
15,000 afs 

2.328 2.477 0.79 .427 .289 18.74  

6.income: 15,001-
20,000 afs 

.282 .155 -2.31 .021 .097 .827 ** 

7.income: 20,001-
25,000 afs 

.546 .177 -1.87 .062 .29 1.03 * 

8.income: 25,000-
40,000 afs 

.317 .082 -4.43 0 .19 .527 *** 

9.income: More than 
40,000 afs 

.475 .147 -2.40 .016 .258 .872 ** 

0b.intngo: No Trust .725 .326 -0.72 .475 .301 1.749  

1.intngo: Not Very 
Much Trust 

1.351 .879 0.46 .643 .378 4.833  

Constant .677 .558 -0.47 .636 .135 3.406  

Number of Observations: 960 

*** p<.01, ** p<.05, * p<.1 
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Appendix D 
 

Table 17: Robustness check model 1 with up to five duplicates 

Electricity Access 
& Variables  

Odds 
Ratio 

 St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International 
Involvement:  

6.914 .509 26.26 0 5.985 7.987 *** 

Solar:  1 . . . . .  

Violence:  1.022 .104 0.21 .834 .837 1.246  

0b.corruption_daily: 
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.781 .094 -2.05 .04 .617 .989 ** 

2.corruption_daily: 
Major Problem 

.608 .065 -4.62 0 .492 .751 *** 

0b.corruption_whole: 
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.815 .173 -0.96 .336 .538 1.236  

2.corruption_whole: 
Major Problem 

.733 .07 -3.24 .001 .607 .885 *** 

1b.corruption_dabs: 
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.291 .118 2.80 .005 1.08 1.543 *** 

3.corruption_dabs: 
Most Cases 

1.211 .147 1.57 .116 .954 1.537  

4.corruption_dabs: All 
Cases 

1.11 .207 0.56 .576 .77 1.601  

0b.income: No 
income 

1 . . . . .  

1.income:  Less than 
2,000 afs 

1.969 .384 3.47 .001 1.343 2.886 *** 

2.income: 2,001-3000 
afs 

1.699 .237 3.80 0 1.293 2.235 *** 

3.income: 3,001-5,000 
afs 

1.535 .168 3.92 0 1.239 1.902 *** 

4.income: 5,001-
10,000 afs 

1.759 .16 6.21 0 1.472 2.102 *** 

5.income: 10,001-
15,000 afs 

1.767 .216 4.66 0 1.391 2.246 *** 

6.income: 15,001-
20,000 afs 

1.872 .284 4.13 0 1.39 2.52 *** 

7.income: 20,001-
25,000 afs 

1.144 .232 0.66 .506 .769 1.704  

8.income: 25,000-
40,000 afs 

1.433 .377 1.37 .171 .856 2.399  

9.income: More than 
40,000 afs 

3.697 1.791 2.70 .007 1.43 9.556 *** 

0b.intngo: No Trust 1 . . . . .  

1.intngo: Not Very 
Much Trust 

1.17 .091 2.01 .044 1.004 1.364 ** 

Constant 1.399 .105 4.45 0 1.207 1.621 *** 

Electricity Access 
& Variables  

1.502 .158 3.88 0 1.223 1.845 *** 

Constant 1.749 .208 4.71 0 1.386 2.208 *** 

Number of Observations: 8557 

*** p<.01, ** p<.05, * p<.1 



67 

 

 

Table 18: Robustness check model 2 with up to five duplicates 

Electricity Access 
& Variables  

Odds 
Ratio 

 St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International 
Involvement:  

2.936 .06 53.09 0 2.821 3.055 *** 

Solar:  264.302 32.839 44.89 0 207.177 337.179 *** 

Violence:  .797 .02 -9.10 0 .76 .837 *** 

0b.corruption_daily: 
Not a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.992 .031 -0.26 .792 .932 1.055  

2.corruption_daily: 
Major Problem 

1.075 .032 2.45 .014 1.015 1.139 ** 

0b.corruption_whole: 
Not a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.936 .04 -1.57 .117 .861 1.017  

2.corruption_whole: 
Major Problem 

1.026 .026 1.02 .308 .976 1.079  

1b.corruption_dabs: 
No Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.788 .056 18.63 0 1.682 1.901 *** 

3.corruption_dabs: 
Most Cases 

1.813 .071 15.12 0 1.678 1.958 *** 

4.corruption_dabs: All 
Cases 

1.384 .088 5.10 0 1.222 1.568 *** 

0b.income: No 
income 

1 . . . . .  

1.income:  Less than 
2,000 afs 

1.135 .031 4.56 0 1.075 1.198 *** 

2.income: 2,001-3000 
afs 

1.199 .032 6.72 0 1.137 1.264 *** 

3.income: 3,001-5,000 
afs 

1.237 .042 6.21 0 1.156 1.322 *** 

4.income: 5,001-
10,000 afs 

1 . . . . .  

5.income: 10,001-
15,000 afs 

1.183 .048 4.15 0 1.093 1.28 *** 

6.income: 15,001-
20,000 afs 

1.078 .038 2.16 .031 1.007 1.154 ** 

7.income: 20,001-
25,000 afs 

1.086 .033 2.76 .006 1.024 1.152 *** 

8.income: 25,000-
40,000 afs 

1.266 .036 8.25 0 1.197 1.339 *** 

9.income: More than 
40,000 afs 

1.395 .051 9.06 0 1.298 1.499 *** 

0b.intngo: No Trust 1.434 .073 7.10 0 1.298 1.584 *** 

1.intngo: Not Very 
Much Trust 

1.288 .113 2.89 .004 1.085 1.53 *** 

Constant .485 .018 -19.54 0 .451 .522 *** 

Number of Observations: 58612 

*** p<.01, ** p<.05, * p<.1 
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Table 19: Robustness check model 3 with up to five duplicates 

Electricity Access & 
Variables  

 Coef.  St.Err.  t-value  p-value  [95% Conf  Interval]  Sig 

International Involvement:  3.143 .06 60.05 0 3.027 3.262 *** 

Solar:  231.609 28.741 43.88 0 181.606 295.381 *** 

Violence:  .736 .017 -12.91 0 .702 .771 *** 

0b.corruption_daily: Not 
a Problem 

1 . . . . .  

1.corruption_daily: 
Minor Problem 

.958 .029 -1.44 .15 .903 1.016  

2.corruption_daily: 
Major Problem 

1.078 .03 2.71 .007 1.021 1.139 *** 

0b.corruption_whole: Not 
a Problem 

1 . . . . .  

1.corruption_whole: 
Minor Problem 

.849 .035 -3.99 0 .783 .92 *** 

2.corruption_whole: 
Major Problem 

.94 .023 -2.52 .012 .897 .986 ** 

1b.corruption_dabs: No 
Cases 

1 . . . . .  

2.corruption_dabs: 
Isolated Cases 

1.776 .052 19.76 0 1.677 1.88 *** 

3.corruption_dabs: Most 
Cases 

1.777 .066 15.58 0 1.653 1.91 *** 

4.corruption_dabs: All 
Cases 

1.42 .084 5.94 0 1.265 1.594 *** 

0b.income: No income 1 . . . . .  

1.income:  Less than 
2,000 afs 

1.134 .029 4.88 0 1.078 1.193 *** 

2.income: 2,001-3000 
afs 

1.242 .031 8.65 0 1.182 1.304 *** 

3.income: 3,001-5,000 
afs 

1.277 .041 7.67 0 1.199 1.359 *** 

4.income: 5,001-10,000 
afs 

1 . . . . .  

5.income: 10,001-15,000 
afs 

1.044 .04 1.12 .263 .968 1.127  

6.income: 15,001-20,000 
afs 

.981 .032 -0.59 .558 .92 1.046  

7.income: 20,001-25,000 
afs 

.994 .028 -0.21 .832 .941 1.05  

8.income: 25,000-40,000 
afs 

1.196 .032 6.74 0 1.135 1.259 *** 

9.income: More than 
40,000 afs 

1.309 .045 7.82 0 1.223 1.4 *** 

0b.intngo: No Trust 1.413 .067 7.35 0 1.289 1.55 *** 

1.intngo: Not Very 
Much Trust 

1.286 .101 3.19 .001 1.102 1.5 *** 

Constant .598 .021 -14.99 0 .559 .64 *** 

Number of observations: 67418 

*** p<.01, ** p<.05, * p<.1 
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Appendix E 
 

Table 20: Hosmer-Lemeshow test for model 1 (urban) 

Group Prob Obs_1 Exp_1 Obs_0 Exp_0 Total 

1     0.598 552   552.800 420   419.200 972 

2     0.633 178   193.500 135   119.500 313 

3     0.652 375   392.200 241   223.800 616 

4     0.692 423   425.700 208   205.300 631 

5     0.754 471   456.000 159   174.000 630 

6     0.920 689   645.100 67   110.900 756 

7     0.935 483   473.500 26    35.500 509 

8     0.948 595   596.300 38    36.700 633 

9     0.959 600   615.700 46    30.300 646 

10     0.987 582   597.200 36    20.800 618 

Number of observations = 6324 

Number of groups: 10 

Hosmer-Lemeshow chi2(8) = 50.40 

Prob > chi2 = 0.0000 

 

Table 21: Hosmer-Lemeshow test for model 2 (rural) 

Group Prob Obs_1 Exp_1 Obs_0 Exp_0 Total 

1     0.376 1528  1441.000 2554  2641.000 4082 

2     0.402 1535  1589.000 2569  2515.000 4104 

3     0.424 1661  1688.300 2422  2394.700 4083 

4     0.521 1832  1837.800 2107  2101.200 3939 

5     0.653 2384  2445.600 1700  1638.400 4084 

6     0.693 2942  2902.600 1358  1397.400 4300 

7     0.764 2710  2734.700 1060  1035.300 3770 

8     0.995 3608  3555.400 500   552.600 4108 

9     0.996 4219  4206.400 7    19.600 4226 

10     0.999 3791  3809.200 29    10.800 3820 

Number of observations = 40516 

Number of groups: 10 

Hosmer-Lemeshow chi2(8) = 62.79 

Prob > chi2 = 0.0000 

 
 
Table 22: Hosmer-Lemeshow test for model 3 (Whole Sample)  

Group Prob Obs_1 Exp_1 Obs_0 Exp_0 Total 

1     0.405 1916  1775.400 2814  2954.600 4730 

2     0.439 2053  2060.600 2785  2777.400 4838 

3     0.475 2021  2086.400 2539  2473.600 4560 

4     0.544 2292  2352.700 2415  2354.300 4707 

5     0.686 2820  2918.500 1897  1798.500 4717 

6     0.734 3267  3350.200 1438  1354.800 4705 

7     0.782 3663  3556.600 1038  1144.400 4701 

8     0.994 3990  3921.000 719   788.000 4709 

9     0.996 5153  5136.400 8    24.600 5161 

10     1.000 4221  4238.200 29    11.800 4250 

Number of observations = 47078 

Number of groups: 10 

Hosmer-Lemeshow chi2(8) = 97.41 

Prob > chi2 = 0.0000 

 


