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Abstract  

Sustainable energy supplies have been a key to economic development and the transition from 

agricultural economies to modern industrial and service-oriented societies. Energy as essential 

to improved social and economic welfare is a key for reducing poverty and raising living 

standards. However, still 1.2 billion people have no access to electricity [1] and providing 

sustainable energy access to these people is a real challenge. How Rwanda is performing in 

terms of providing sustainable electricity to its rural people? This thesis evaluates the relative 

performance of Rwanda from 2009 to 2013 in providing sustainable electricity access. The 

evaluation of sustainability of electricity access situation was undertaken using Principal 

Components Analysis technique (PCA) whereby a theoretical framework defining 

sustainability of electricity was constructed and a set of indicators has been selected basing on 

analytical soundness, measurability and ability to describe electricity sustainability 

phenomenon and also basing on the availability of data to define and determine the 

sustainability. The study shows that the sustainability for electricity access in Rwanda has 

been improved for the evaluated period of time (2009-2013). The results conclude that the 

sustainability of electricity access situation has gone up and this is due to the introduction of 

many programs that have been instigated and Government commitment to improve the 

electrification rate. Some strategies, commitments  and laws  such as electricity law, National 

energy policy and national energy strategic plan;  economic development and Poverty 

Reduction Strategy as well as Renewable Energy Feed In –Tariffs and electricity access roll-

out program that were executed in these period seems to be instrumental in achieving better 

performance in terms of electricity sustainability. 
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Executive summary 

Sustainable energy supplies are crucial for development and enhancing livelihood as they play 

a pivotal role in supporting socio-economic transformation of the country and have a 

fundamental link to the growth of other sectors of the economy to achieve national sustainable 

development goals and targets. Ensuring access to sustainable electricity is very important to 

Rwanda’s economic development, poverty eradication and socio-economic transformation 

agenda.  This is however, often not recognized and there are very few people who realize how 

much Rwanda has improved in  providing sustainable electricity to its people as the country 

that proves its will to increase electrification rate among other countries of the region. 

Rwanda is a small country with a landmass of 26368 km
2
 and housed 11.46 million people 

with GDP per capita of 695 USD as of 2013. 

By means of electricity sustainability index, this research evaluates the relative performance 

of Rwanda from 2009 to 2013 toward sustainable electricity access. It also provides a 

summary of key issues on Rwandan electrification, trends of electricity access situation as 

well as its future plans, expansion and improvement.  

This research basically focuses on sustainability of electricity access situation and evaluates 

how sustainable is the electricity access in Rwanda and how the situation is changing over the 

time. The thesis has addressed the following two sub questions to achieve the main objective 

of the research. 

 What is electricity sustainability? How is electricity sustainability measured? 

 How is Rwanda performing in terms of supplying sustainable electricity access to the 

rural areas over the time (2009-2013)? 

The evaluation of sustainability of electricity access situation was undertaken using Principal 

Components Analysis technique (PCA) whereby a theoretical framework defining 

sustainability of electricity was constructed and a set of indicators has been selected basing on 

analytical soundness, measurability and ability to describe electricity sustainability 

phenomenon criteria and also basing on the availability of data to define and determine the 

sustainability. 
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A number of indicators were selected to assess and evaluate the different dimensions of 

sustainability of electricity by which ten indicators were highlighted and classified into four 

dimensions (economic, social, technical and Environmental) and six themes. The study shows  

that the sustainability for electricity access in Rwanda has been improved for the evaluated 

period of time. Though electricity generation capacity still remains low compared to the needs 

of the country’s growing economy, analysis shows that electricity access has increased 

considerably in recent years and the country has achieved a lot compared to other regional 

countries. This is because of some strategies and commitments that have been taken whereby 

laws and regulations have been developed and adopted such as electricity law, National 

energy policy and national energy strategic plan; Economic Development and Poverty 

Reduction Strategy as well as Renewable Energy Feed In –Tariffs and electricity access roll-

out program. 

In summary, the sustainability of electricity access to the Rwandan people proves to be 

increased over the time (2009 to 2013) and all the factors discussed above are mainly 

contributing in achieving better performance to increase the sustainability of electricity the 

over the time. 
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1 Introduction 

1.1 Background 

Access to electricity like other modern energy has proved to be a certainly necessary key to 

completely revolutionize people’s lives and fast-track the country’s development in general. 

Adequate and sustainable electricity services have been critical to economic development and 

the transition from survival agricultural economies style to modern industrial and service-

oriented society. Providing sustainable electricity access to the population is considered a 

prerequisite to modernization and progress; therefore, sustainable electricity access has to be 

accorded high priority by the governments of different countries ahead of schedule in their 

development plans to increase electrification rate and sustainable energy access in general for 

cooking and heating in these countries.  

However, the financial resources which are limited for some countries, technical requirements 

such as favorable policies, for energy access programs implementation are still a big 

challenge. As a consequence, 1.2billion people worldwide still lack access to electricity and 

most of them (about 85%) live in rural areas of developing countries, mainly in Africa and 

South-East Asia [1] [2]. In particular , Sub-Saharan Africa region alone accounts about 585 

millions of this run-down population and more than 84% of them live in rural areas [3] and  

around 730 million people in sub-Saharan Africa region rely on the traditional use of biomass 

for cooking and heating, which causes harmful indoor air pollution that results in nearly 

600,000 premature deaths each year (mostly women and children) due to emphysema and 

other respiratory diseases caused by fumes and smoke from open cooking fires.[4] 

 

 It is therefore important for policy makers to understand the implications and impacts of 

sustainable energy particularly electricity, alternative policies, strategies and plans in shaping 

development within their countries, and the feasibility of making development sustainable 

over time 

Despite that access to electricity is essential for sustainable development and poverty 

eradication; it requires a great growth of electricity access for these poor countries of the Sub-

Saharan Africa which currently electrification rate is still low; 30.5% in general (59.9 % and 

25% in urban and rural areas respectively) [2]. It is in this regards, National governments in 

the concerned countries including Rwanda and the international donor society have for many 
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years given high priority to improving this low level of electricity access where it is 

increasingly at the forefront of governments’ priorities. 

Due to the high levels of political and social pressure for increasing electrification and access 

to other modern energy for cooking and heating, Rwanda as one among other concerned 

countries has created and prioritized a number of energy access related programs  and policies 

such as Energy Access Roll-out Program, Economic Development and Poverty Reduction 

Strategy (EDPRS 1& 2), National energy policy and national energy strategic plan as well as 

Electricity development strategy for energy sector. Also a number of clear objectives for the 

development of the energy sector were formulated including but not limited to:  Increasing 

electricity generation capacity, increasing access to electricity, preserving an economic and 

viable tariff, sustainable and efficient use of biomass energy solutions among other renewable 

energies, etc. Some of these programs have to be enhanced and prioritized to achieve the 

MDGs and involve all sectors of society. By boosting electrification rate, priority is given to 

public institutions including schools, health centers and administration units. Rwanda’s access 

to electricity currently stands at 16 per cent with power supply of 112 MW and is expected to 

reach 70% by 2017with power supply of 563 MW [5]. 

Though there is large number of related projects and programs that have been prioritized and 

commissioned where some of them are being encouraged and supported by international 

donors; there are few available in-depth evaluations of the sustainability of these energy 

access mainly electricity access situation in the country. It is in this regard, this study 

evaluates the sustainability of electricity access situation in Rwanda as a country that proves 

its will to increase electrification rate among other countries of the region. 

Measuring sustainability is a major issue as well as a driving force in determining the impact 

of various indicators on electricity access situation and energy systems in general. Sustainable 

electricity is created to manage environmental, social, and economic performance. The high 

sensitivity of the electricity security, social equity, and environmental impact mitigation goals 

makes its sustainability to involve efforts of all concerned actors such as public and private 

actors, governments and regulators, economic and social factors, national resources, 

environmental concerns, and individual behaviours.  

1.2 Objectives 

The main objective of this research is to explore and examine the electricity access situation 

in perspective of its sustainability.  It provides a summary of status, main issues, trends, 
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suggestions of electricity access situation for 2009 to 2013 period as well as its future plans, 

expansion and improvement.  The research gives indicators to give perceptions into how 

much available electricity supplies are sustainable to achieving national development goals 

and targets. Also electricity sustainability index has been developed and compared in this 

research to evaluate the performance of Rwanda in terms of supplying sustainable electricity 

in rural household of Rwanda. Principal Component Analysis (PCA) technique is used for 

determining such index; 

1.3 Research questions 

This research basically focuses on sustainability of electricity access situation and evaluates 

how sustainable is the electricity access in Rwanda and how the situation is changing over the 

time. The thesis has addressed following sub questions to achieve the main objective of this 

research. 

What is electricity sustainability?   

How is electricity sustainability measured? 

How is performance of Rwanda over the time (2009-2013) in supplying sustainable electricity 

access to the rural areas? 

1.4 Benefits 

The results of this study can support the monitoring of implementation and progress of 

activities regarding to electricity access and guide the preparation of action plans of various 

actions related to its access and sustainability.   

Also from this research, the country may learn the lessons of the past with regard to electricity 

sustainability while exploring options for the future. 

For who will go through this report, will get the necessary scope of national databases and 

some important statistics on electricity access situation in the country. 

1.5 Scope and limitation 

The research provides evaluation of various sustainability indicators into how much available 

electricity supplies are sustainable to achieving national development goals and targets. 

Furthermore, electricity sustainability Index has been developed in this research. 

I would have conducted this research on entire Rwandan energy system network but due to 

time constraint, I opted to conduct this research on power system mainly electrification access 
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situation and the research took emphasize on the period from 2009 to 2013 whose most of all 

required data might be available. 

1.6 Methodology and data source 

i. Methodology 

Since the sustainability of electricity situation is a multi-dimension concept that cannot be 

captured by a single indicator, a composite indicator was constructed starting from 

constructing theoretical framework that defines the phenomenon to be measured then 

selection of indicators along with the aggregation of their values were performed in a 

comprehensive process of construction referring to good quality of essential data.  

Indicators have been selected basing on analytical soundness, measurability, country coverage 

and ability to describe electricity sustainability phenomenon criteria.  Sustainability was 

estimated in terms of a composite electricity sustainability index (ESI). This index was 

produced by combining the individual indicators using principal component analysis (PCA) 

technique whereby appropriate values were given to the selected indicators based on the data 

from different sources.  

ii. Data collection 

The data set for this research were collected from different sources such as literatures and  

review of relevant documents from the institutions that collect and compile statistics, 

consultation with policy makers and other relevant stakeholders. Field visit has been also 

made to better understand the rural electricity situation.  An assessment of the electricity 

records already collected was also performed for analysis of this research. The data required 

cover electricity, in economics, social and the environment sectors for the country as a whole 

and within specific economic sectors such as residential, commercial and industrial. 

To evaluate the sustainability of electricity access situation, data that support the 

implementation of the Energy Indicators for Sustainable Development (EISD) were used.   

iii. Theoretical framework 

Considering that Rwanda is among countries with large population lacking access to 

electricity services, an enormous electrification related programs might have been prioritized 

and initiated to increase access rate of electricity. However, it is to questioning on how much 

sustainable are those electricity services to achieve the government goals and targets with 

respect to electricity access. 
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The sustainability of electricity access situation in Rwanda cannot be captured by a single 

indicator. Therefore, composite indicators (CIs) have to be used to measure its sustainability. 

In this research, the definition for sustainability of electricity has the same sense as energy 

sustainability as defined earlier on. It was made against the definition of energy sustainability 

as described by 2002; ICSU, 2007.  Electricity access situation assumed to be sustainable in 

case it improves quality of life. Hence, sustainable electricity may be defined as electricity 

supplied in affordable, accessible and reliable manner to manage environmental, social, and 

economic performance within the overall developmental context of the public for which the 

electricity services are intended, while having fair supply in meeting the society needs. 

In this study, Sustainability Index (SI) for the electricity access situation measures the relative 

competence of the Government of Rwanda to provide access to reliable and cost effective 

electricity services for households in different communities meeting economic, social and 

environmental desires within the overall development framework of society, and with fair 

distribution. For further determination of sustainability of electricity access situation in 

Rwanda, there had been a consideration of economic, environmental, social and technical 

sustainability dimensions. For this reason, to determine the sustainability the research 

addressed the following factors:  

Electricity security: It considers the effective management of the supply system from 

domestic and external sources. For this point; it has been looked at the reliability of electricity 

infrastructures, transmission & distribution losses as well as the ability of participating 

electricity companies to meet current and future demand.  

Social equity: from this point, emphasize took place on looking at the accessibility and 

affordability of electricity supply across the population i.e accessibility rate, capital costs for 

the electricity access and disparity in electricity use in all communities which had been 

connected during the implementation of the electricity access program 

Environmental impact mitigation: this point covered the achievement of supply and demand-

side electricity efficiencies and the development of electricity supply from renewable and 

other low-carbon sources. 
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2 Literature review 

2.1 Mission of electricity access 

Considering that universal electricity access is a communication that is very important for the 

overall socio-economic growth of the world; hence access to electricity among other modern 

energies is essential for provision of development services such as clean water, sanitation and 

healthcare and provides great benefits to development through the provision of reliable and 

efficient lighting, heating, cooking, mechanical power, transport and telecommunication 

services. 

Electricity is vital for eradicating poverty, improving human welfare and raising living 

standards. However 56.9% of Sub-Saharan Africa region population is without access to 

electricity and this situation has impinged on the socio-economic growth of the region. 

Meeting universal electricity access through grid extension has faced challenges such as high 

cost of transmission grid extension, transmission losses, CO2 and other greenhouse gas 

emissions and high operation and maintenance cost of transmission lines [6].  

In areas where there are no reliable, affordable and secure electricity supplies, later no energy 

services, obviously economic development is limited.  ‘’ Electricity access services’’ is 

defined as  the household access to electricity among other modern energy services such as 

clean cooking facilities like  clean cooking and heating fuels and stoves, advanced biomass 

cooking stoves and biogas systems [7].  

Many nations mentioned in their MDGs plans the access to electricity among other modern 

energy services as priority since the lack of access to electricity of the poorest people has 

proven to be a major barrier to poverty reduction and economic development.  

In its EDPRS 1 (2008-2013) period, Rwanda has prioritized to improve electricity supply 

through off-grid systems (Micro hydro and Solar PVs) particularly in rural areas to 

supplement grid connections. All health facilities and administrative centers were electrified 

including both on grid and off grid along with more than half of both primary and secondary 

schools in remote areas were electrified during that period compared to 21% in 2008. The 

overall access rate to electricity for primary schools are 41% along with 32% connected to the 

grid and 9% connected through off-grid systems such as solar. 73% of secondary schools have 

access to electricity from which 54% are connected to the grid and 19% are electrified 

through off -grid solutions. [5] 
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To continuously ensure electrification access to Rwandan population, the national electricity 

grid had been extended to 1,200 km of HV lines and 3,580.9 km of MV lines by end of 2013 

which led to total number of connections to the national grid to be increased to 438,112 by 

that period.  [5] 

The issue of access to modern energy has been  recognized and discussed as an urgent issue in 

several  energy summits such as the international community UN 2000 which mentioned  that 

access to modern energy is important to the Millennium Development Goal of halving by 

2015the proportion of people living in poverty [8] (UN, 2000). Also key energy issues 

including electricity access were discussed in 2001 at the ninth session of the Commission on 

Sustainable Development (CSD-9) [9]. In 2002, at the World Summit on Sustainable 

Development (WSSD) held in Johannesburg, South Africa[8], whereby the WSSD agreed to 

facilitate access for the poor to reliable and affordable energy services in the context of 

broader national policies to foster sustainable development. 

According to IEA (2011), even by 2030 the problem of lacking access to modern energies 

including electricity will not reduce more particularly in Africa unless many efforts are 

provided urgently [10].   

The ambitious goals that have been set to eradicate extreme poverty can never be fully 

realized without acknowledging and opposing the today’s situation of billions of people who 

still without access to electricity and clean cooking facilities [7].  Hence, the community has 

long been aware of the close correlation between income levels and access to modern energy 

where countries with a large proportion living on less income per day tend to have low 

electrification rates and high reliance on traditional biomass. This means as incomes increase, 

access to modern energy rises [11]. 

2.2 Rwandan electricity sector 

Rwanda has a landmass of 26368 km
2
 and housed 11.46 million people as of 2013 and GDP 

per capita 695 USD [12]  

In Rwandan only 7 % of population had access to electricity in 2009 whereby in rural areas, 

(where 90% of the total inhabitants lived), electricity access was even lower than 1%. Lacking 

access to electricity is dire more particularly in Rwandan rural areas and this proves that 

energy remains far too expensive in relation to people’s income.  
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Up to 2013 installed capacity is 112MW against a projected minimum demand of 563MW in 

2017 [13].  Electricity accounts for only about 5% of primary energy use in the country, and 

generation capacity is still low. The country currently has about 112 MW of installed capacity 

and only about 16% of households are connected to the grid.  Biomass is the primary source 

of energy which accounting for 86.3% of the total primary energy use, and petroleum 

products account for the rest [14].  The high dependence on thermal generation comes at a 

significant cost to the country, especially given the present high prices for oil products. 

Up to 2013 the Rwandan electricity resource endowments include [13]:  

 Hydropower: 59% of the installed generation capacity (58.15MW) 

 Thermal generation (hired diesel and heavy oil fuel based generation units): 40% 

which means 47.8MW. 

  Methane gas: ≈ 1% either (4.2MW) and  

 Solar: 0.23% (0.25MW) 

 

 

 

Figure 1: Installed electricity generation mix (in MW) 

 

To provide power and electricity in remote areas located far from the grid, the government has 

embarked in the development of an off-grid program. The projects are being implemented 

countrywide through the cooperation with a large number of development partners, including 

private sector and Non-Governmental Organizations where priority is given to the 

construction of Pico hydro, solar home systems, etc.  

Hydro 

Thermal 

Gas 

Solar 
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To make these kinds of projects; off-grid strategy is being developed as a component of the 

rural electrification strategy which is also under development.  

In its EDPRS I (2008-2013) period, Rwanda has prioritized to improve electricity supply 

through off-grid systems (Micro hydro and Solar PVs) particularly in rural areas to 

supplement grid connections. All health facilities and administrative centers were electrified 

including both on grid and off grid and more than half of both primary and secondary schools 

in remote areas were electrified during that period. The overall access rate to electricity for 

primary schools is forty one percent along with thirty two percent connected to the grid and 

nine percent connected through off-grid systems such as solar. 73% of secondary schools have 

access to electricity from which 54% are connected to the grid and 19% are electrified 

through off -grid solutions.  

Country’s long-term development goals are embedded in its vision 2020which seeks to 

transform Rwanda from a low-income economy delivered from agriculture services to an 

economy delivered from knowledge and oriented services by 2020, from which its target in 

power energy generation is to reach to 563MW of power generation by 2017 in order to 

increase the number of households connected to the grid [13].  The transmission system is 

composed of 370 km 110 kV and 70 kV lines linking the southern substation to dispatching 

centre. The transmission system has also eleven 110kV substations, and four 70kV substations 

that supply the whole country [13]. 

2.3 Sustainability of Electricity 

Sustainable electricity is created to manage environmental, social, and economic performance. 

It refers to energy sustainability and they are evaluated in the same way.  

2.3.1 Definition 

Measuring sustainability is a major issue as well as a driving force in determining the impact 

of various indicators on electricity access situation and energy systems in general.  Many 

countries around the world share a common problem of being far away from achieving 

sustainable energy systems particularly electricity even if they remain at hugely different 

stages of development. 

Sustainability of electricity access might involve effort of both industry and policymakers 

otherwise billions of people will continue to live without access to electricity, hence no 

energy services which led to the limitation of sustainable development in general. To make 

affordable, secure, and environmentally sensitive electricity networks genuine; industry and 

http://www.cdf.gov.rw/vup.html
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policymakers the two concerned actors  must develop a common understanding on how to 

make electricity networks sustainable, its importance for economic growth, and the steps 

necessary to achieve sustainability of electricity in particular and sustainable energy in 

general [15]. 

At the 9
th

 session of the UN Commission on Sustainable Development (CSD-9), which was 

further recommended at the 2002 World Summit for Sustainable Development (WSSD) held 

in Johannesburg, South Africa upon debate on sustainable energy and  considering that 

sustainable energy is taken in a broader context to include important factors such as resource 

endowment, existing energy infrastructure, and development needs, the CSD-9 agreed  that 

‘sustainable energy’ be regarded as ‘energy for sustainable development’(Davidson, 2002). 

Therefore, from the sustainable energy definition; ‘’sustainable electricity’’ may be defined as 

electricity supplied in affordable, accessible and reliable manner to manage environmental, 

social, and economic performance within the overall developmental context of the public for 

which the electricity services are intended, while having fair supply in meeting the society 

needs 

Consequently, like energy sustainability, electricity sustainability is also linked with three 

main pillars which are economic, environmental and social [16]. The high sensitivity of the 

electricity security, social equity, and environmental impact mitigation goals makes its 

sustainability to involve efforts of all concerned actors [17]. 

Sustainability of electricity and energy in general is essentially about improving quality of life 

in a way that is sustained, technically, economically and environmentally. For this reason, 

electricity sustainability addresses three main goals as energy sustainability does: 

i. Electricity security: this goal refers to the reliability of electricity 

infrastructure, and the ability of participating electricity companies to 

meet current and future demand.  

ii. Social equity: it concerns the accessibility and affordability of 

electricity supply across the population. 

iii. Environmental impact mitigation: the goal covers the achievement of 

supply and demand-side electricity efficiencies and the development of 

energy supply from renewable and other low-carbon sources [16].  
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In this research, a number of indicators were selected to assess and evaluate the different 

dimensions of sustainability of electricity through which the selection of them was made 

against the criteria recognized by the OECD and the original set of indicators for sustainable 

energy development (ISED) was referred to.  

To capture the electricity sustainability, the research selected ten indicators basing on the 

linkage of electricity access to development and environment as they are considered as a 

central element to argue on sustainable development. Therefore; the following themes were 

emphasized to better understand the above linkage. 

Delivery and end use efficiency: to give a picture on consumption of final electricity to the 

users’ demand in useful electricity and line losses during electricity transmission and 

distribution; 

Renewability:  to highlight the contribution status of renewable energy generation in total 

electricity supply;  

Electricity usage:  to draw attention on the status of  new job created due to availability of 

electricity compared to all jobs available and  final electricity consumption to total population 

& Electricity tariff ; 

Accessibility:   to capture the rate of increase of households connected per year and capital 

costs per household to benefit from the electricity access program; 

Disparity: to stress the electricity use among lower quintile and upper quintile of population 

and Global impact: to measure the impacts of fuel use 

2.3.2 Indicators for Electricity Sustainability (IES) 

Since most current patterns of energy supply and use including electricity supply are 

considered unsustainable [18], where many areas of the world have no reliable and secure 

electricity supplies, and later no energy services which limits economic development;.  

International Atomic Energy Agency (IAEA) and International Energy Agency (IEA) in 

collaboration with other concerned international organizations and agencies (including 

UNDESA, Eurostat and the European Environment Agency-EEA) developed a set of 

indicators to assess whether energy services are delivered adequately and reliably   at an 

affordable cost, in a secure and environmentally benign manner and in conformity with social 

and economic development needs [19]. Indicators are quantitative or qualitative variables that 

provide a simple and reliable way to measure achievement or to capture results fully or 
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partially generated by a project, determined program or a situation under examination. They 

facilitate comparison of the actual performance against the planned performance. 

Indicators are essential tools for communicating electricity issues related to sustainable 

development to policymakers and to the public as well as to promote institutional dialogue 

where these indicators extend beyond basic statistics to provide a deeper understanding of the 

main issues and to highlight important relations that are not evident using basic statistics 

[20];The IAEA (2005) presents a comprehensive list of thirty energy indicators for 

sustainable development (EISD) and these indicators provide a way to structure and clarify 

statistical data to give better insight into the factors that affect energy including electricity , 

environment, economics and social well-being, and how these might be influenced and trends 

improved. As mentioned previously, a set of energy indicators presented by IAEA is referred 

to, to evaluate the sustainability of electricity access situation. The selected indicators can also 

be used to monitor progress of past policies, and to provide a “reality check” on strategies for 

future sustainable development and for this reason, indicators became a popular method and 

have been used by different organizations in many reports as tools for analysis of comparisons 

and improvement of the sustainability of electricity situation and energy systems in general 

[20].    

2.4 Main dimensions to identify indicators for sustainability of 

electricity situation 

Considering that sustainable development is essential to improve  and sustain quality of life 

economically and environmentally, over the long term supported by the institutional structure 

of the country [20], IAEA, in cooperation with other international agencies concerned with 

sustainable energy development, such as UNDESA, the IEA and a number of member States 

as mentioned earlier, reaffirmed  that  sustainable development addresses four major 

dimensions: social, economic, environmental and institutional  from which a set of energy 

indicators to be applicable worldwide and compatible  with the Council for Sustainable 

Development (CSD) approach can be identified and defined [20]. Furthermore, other 

dimensions that may be unique to a particular country or required to assess priority areas 

should be considered [19]. Hence, the technical dimension is added when analyzing 

sustainability specifically associated with the rural sector [21]. 
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2.4.1 Economic dimension 

Considering that all sectors of an economy (residential, industrial, and commercial, transport, 

service and agriculture) require energy mainly electricity , countries particularly developing 

countries are encouraged to secure electricity supply as a prerequisite for industrialization 

since modern economies depend on a reliable and adequate energy supply including 

electricity.  

Economic dimension measures how the use and production patterns of energy in general  and 

the quality of any kind of energy services involving electricity services, affect development 

progress economically, and how the status of the energy sector and its trends in a country 

might improve the opportunities for economic development to be sustainable in the long run. 

Instant implication of electricity services in turn foster economic and social development is to 

raise the productivity and facilitate local income generation at the local level by creating jobs 

in different areas such as telecommunications, information technology, manufacturing and 

services, productivity and development). In economic dimension, the main factors of 

indicators to be considered include: electricity use, production and supply; electricity supply 

efficiency and end-use, electricity intensity; its pricing, taxation and subsidies; its security; 

and diversity [22].  

2.4.2 Social dimension 

Always availability of energy services as whole particularly electricity services makes 

changes in human living condition. Many activities in terms of social welfare such as 

(employment opportunities, education, community development and culture, demographic 

transition, indoor pollution and health, as well as gender- and age-related implications) are 

created. Then, impacts on social welfare conveyed by the availability of electricity services 

are measured by indicators for sustainable energy development in the social dimension. 

Thought the lack of adequate data such as time-series is a major challenge in their 

development particularly in developing countries; these indicators describe issues related to 

accessibility, affordability and disparity in electricity supply and demand [22].  

2.4.3 Environmental dimension 

Through the environmental dimension, indicators for sustainability of electricity situation 

determine impacts (positive or negative trends) of electricity systems on the overall 

environment particularly for water, land degradation, and  air quality since activities relating 
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to availing electricity systems  create pressures on the environment in different areas and 

levels (household, workplace and city areas at  national, regional and global levels).  

2.4.4 Institutional dimension 

Indicators in institutional dimension assess the availability and adequacy of the institutional 

framework necessary to support an effective and efficient energy services and electricity in 

particular. Institutional structure is important for an efficient and reliable energy system since 

they help to tie the required practices with policy actions. However, quantifying or measuring 

indicators in this dimension still constitutes a challenge in its evaluation. [22].  

It is to be noted that all the above dimensions are unified; environmental state associated with 

the energy system is affected by driving forces originating from the economic and social 

dimensions and social situation of the energy system is powered by some pouring forces from 

the economic dimension. 

Finally, through corrective policies and other relevant actions that influence the sustainability 

of the whole energy system, the institutional dimension can affect all the other dimensions 

[22]. 

2.4.5 Technical dimension 

Sustainability indicators in technical dimension, focus on maintaining the electricity services 

during the economic lifetime of the initial investment [23] 

3 Findings and Data analysis 

In this section, sustainability of electricity access situation is constructed using principle 

component analysis technique where sustainability index is used to analyze the progress of the 

accessibility of electricity. This section is focused on an application of the proposed 

methodology to the electricity access services described above in order to produce its 

sustainability index.   

3.1 Findings 

3.1.1 Selected indicators 

As mentioned earlier, indicators are considered as a useful tool for policy making and public 

communication in conveying information on country’s performance in environment, economy 

and social development. 
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A number of indicators were selected to assess and evaluate the different dimensions of 

sustainability of electricity as shown in table 1. In this research, the selection of indicators was 

made against the criteria recognized by the OECD whereby the original set of indicators for 

sustainable energy development (ISED) was referred to since they were already categorized 

into a theoretical system to make out linkages between different indicators across all 

dimensions of sustainable development (IAEA/IEA, 2001). 

In this research, a set of indicators was selected basing on analytical soundness, measurability, 

country coverage and ability to describe electricity sustainability phenomenon criteria and 

also basing on the availability of data to define and determine the sustainability.  

This research highlights 10 indicators classified into four dimensions and six themes.  

Two technical indicators address the theme ‘’delivery and end use efficiency’’ and they 

include consideration of supply efficiency. 

The four economic indicators are grouped considering two themes which are renewability and 

electricity usage. These indicators consider the electricity use, renewable energy share 

production patterns compared to overall productivity, end use, diversification and prices. 

The three social indicators address accessibility and disparity themes. These social indicators 

were considered because the production and use of electricity have a direct impact on the 

economy of the country as well as on the environment. Considering that electricity is essential 

for every human activity where it is directly used for lighting, electric and electronic 

equipment, for heating etc. also being indirectly included in every product that is produced on 

the world; this proves that electricity accessibility, disparity and the characteristics of its 

consume have an impact on wellbeing, employment, education, and health and finally one 

environmental indicator which consists of the local impacts of fuel use. 

Table 1: Selected set of indicators 

Dimension Indicator Theme component 

 

 

 

Technical 

 

Reliabilityofsupply Delivery and 

end 

useefficiency 

 

Ratio of consumption of final 

electricity to the electricity 

requested/demanded by the users 

in useful electricity (%) 

Transmission & Line losses during electricity 
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distribution losses transmission and distribution (%) 

 

 

 

 

 

Economic 

 

 

 RES in electricity 

generation 

Renewability Contribution of renewable energy 

generation in total electricity 

supply (%) 

Job creation  

 

 

 

Energy usage 

New job created due to availability 

of electricity compared to all jobs 

available 

Electricityuse per capita Ratio of total final electricity 

consumption to total population 

(kwh/capita) 

 

 

 

 

Cost of Electricity 

(Frw/kwh) 

Electricity tariff (Frw/kwh) 

 

 

 

Social  

electricityaccessibility 

rate 

Accessibility Increase rate of households 

connected per year (%)  

household capital costs 

for the access program  

capital costs per household for the 

access program (USD/HH) 

Disparity in electricityuse Disparity 

 

 

Ratio of electricity use of lower 

quintile to electricity use of upper 

quintile  

Environmental GHG emissions from 

electricity generation 

Global impact CO2 emissions per capita 
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3.1.2 Selected indicators along with their values 

The selection of the above indicators was made against the criteria recognized by the OECD 

whereby the original set of indicators for sustainable energy development (ISED) was referred 

to and other related review studies of the international literature as well as compiled statistics 

data from relevant institutions and ministries  

1. Reliability of supply:  The choice of this indicator was based on temporary supply 

deficits in terms of hours per week compared to total hours of week by assuming that 

power should be available all the time. The data for this indicator were collected from 

review of relevant documents from the institutions that collect and compile statistics 

and assessment of the electricity records already collected for the period 2009-2013 

where those records have been scored averaged. In this study a five years period is 

considered from 2009 up to 2013 since the period contains full required data.  

2. Transmission and distribution losses: This indicator refers to the efficiency of 

electricity delivery which is described by average transmission and distribution line 

losses. As high transmission and distribution losses increase the cost of electrification 

and pull up the electricity tariffs, it is necessary to analyze this indicator to decide if 

the electrification access situation is sustainable or not. These losses were estimated 

based on the data from different sources such as the national Institute of Statistics 

(NISR), The Energy, Water, and Sanitation Authority (EWSA) which is the national 

electricity Utility in charge of all electricity operations, Ministry of Infrastructure 

(MININFRA), etc. 

Table 2: Variation of electricity losses 

Year 2006 2007 2008 2009 2010 2011 2012 2013 

Overall losses % 22 18 18 20 19 22 22 24 

Source: EWSA- Scaling-up Energy Access Project, 2014 

RES in electricity generation: As increasing the share of renewable energy in electricity 

generation is one way among others to diversify electricity supply sources and increase 

energy independence and reducing greenhouse gas emissions at the same time. In this study it 

has been considered the percentage of renewable energy sources in electricity generation 

compared to total electricity supplied for the period of 5 years 
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Table 3: Yearly RE share contribution 

year  2008 2009 2010 2011 2012 2013 

RE contribution % 37.24 39.97 40.69 43.31 46.25 59 

       

Source: EWSA- Scaling-up Energy Access Project, 2014 

3. Job creation: this indicator is very important to evaluate the sustainability of 

electricity services in the region mainly in Rwanda since one of its goals as it is 

mentioned in EDPRS2 is that the demographic trend necessitates 200,000 jobs to be 

created each year for new entrants into the workforce. For this reason, accessibility of 

electricity motivates and speeds up the achievement of this target. This indicator was 

evaluated based on new job that have been created due to availability of electricity 

compared to total number of jobs that are available: considering ratio of new job 

created due to electricity access compared to total available jobs in rural area per year 

for the period of 5 years.  

The analysis discovered that due to electricity access, jobs being created have been 

raised up over the time mainly in recent years which is likely driven by electricity 

access compared to old years when electricity access rate was very low. 

 

4. Electricity use per capita 

This indicator is the ratio of total final electricity consumption to total population 

(kwh/capita). A significant positive relation exists between the amount of electricity 

consumed and human development achieved, specifically in countries with low to 

medium human development. As shown in table 4, the per capita electricity 

consumption in Rwanda varies significantly annually. The electricity consumption per 

capita has been raised up over time mostly in recent years compared to old period 

which is likely driven by income growth. In 2012 electricity consumption per capita 

was 25.84 kWh while in 2008 was very low (16.43 kwh). The values for this indicator 

were obtained due to data from the National Institute of Statistics of Rwanda and the 

energy utility company where the sum of prepayment and post payment consumptions 

were assessed and their cumulative values have been divided by the total number of 

population.  
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Table 4: Electricity use per capita 

Period 2008 2009 2010 2011 2012 2013 

Kwh/capita 16.43 18.15 20.22 22.75 25.84 25.8 

Source: NISR- The second and third integrated household living conditions survey (EICV3) 

 

 

Figure 2: Rate of electricity use per capita 

 

5. Cost of electricity: This indicator was considered to be important to capture the 

sustained affordability of electricity since the energy share of the household budget is 

a measure of affordability. Cost of electricity was considered basing on the report 

availed by the Rwanda Utilities Regulatory Authority (RURA) which is the institution 

in charge of making available tariff for electricity.  

Table 5: Variation of cost of electricity 

Year 2009 2010 2011 2012 2013 

Electricity tariff 

Rwf/kwh 

112 112 112 134 134 

Source: Electricity tariff, Rwanda Utilities Regulatory Authority, 2010-2014 

 Also by assuming that a household could afford an electricity connection if total Expenditure 

times Electricity Expenditure (%) is greater than current tariff times minimum consumption 

(kWh). The minimum consumption level is assumed to be 20 kWh per month. This is a very 

low level of consumption from two to three energy-efficient light bulbs and a radio. The 

proportion of electricity expenditure for different households varies, depending on the 
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characteristics of each household and community. Poorer households tend to spend a higher 

proportion of their expenditures on electricity, because household expenditures in rural areas 

do not often include food that is grown within the household; and average household 

expenditures on fuel and power are typically in the range of 5 to 6 percent in urban areas 

and10 to 12 percent in rural areas. The following assumptions have been used on the 

maximum proportion of expenditures that would be spent on electricity in Rwanda: 

Table 6: Approximate Average Expenditures on Electricity 

Area  Max. energyexpenditures % Expenditures on min. Consumption % 

Urban  10 2–3 

Peri-urban 15 4–5 

Rural 20 8–10 

Deep Rural 25 10–14 

Source: EWSA-Scaling-up Energy Access Project (2010) 

This indicator shows that electricity is affordable for urban and peri-urban people but for rural 

and deep rural people electricity seems to be not affordable 

6. Electricity accessibility rate:  The purpose of this indicator is to monitor progress in 

accessibility and affordability of electricity services including electricity percentage of 

households or population with no access to electricity options.  It shows the number of 

households getting connected every year compared to households connected in 

previous year. Analysis of data on electrification rates for Rwandan communities was 

determined based on the best available official data from various relevant institutions 

on households getting connected annually. Households with access to electricity in 

2006 was 70,000 households in total   whereas in 2012 was 308,326 households. This 

gives a rate of electricity accessibility to be more than 4 times in six years only. In 

2009 households which got connected were 36,969; households connected in 2010 

were 57,428; in 2011 were 65,983; in 2012 were 67,661 and in 2013 were 71,645. 

This means that annual electricity accessibility rate was increased during the last six 

years.  
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Table 7: connection rate 

    Accessibility        
        
        
        
years 2009 2010 2011 2012 2013 
Connections 
(households) 

36,969 57,428 65,983 67,661 71,645 

      
      Source: Scaling-up Energy Access Project, 2014 

 

Figure 3: Electricity accessibility rate 

 

7. Capital costs per household for the electricity access services: considering that 

connection costs start at around USD1000 per household in 2009 and fall to less than 

US$600 in 2013, which means that the program achieved cost reductions success. This 

indicator was considered as important and its values have been obtained by 

considering cost per household for electricity access service. 

Table 8 shows the capital costs of rolling out the transmission and distribution 

network to achieve the required number of new connections.  
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Table 8: connection rate & per household capital costs for the electricity access services 

Year Household Connected 
Cost per household 

(USD/HH) 

2009 36,969 959.7 

2010 57,428 877.2 

2011 65,983 713.5 

2012 67,661 763.3 

2013 71,645 599.6 

TOTAL 299,686 782.6 

Source: Rwanda Scaling-up Energy Access Project report, 2014 

 

 

Figure 4: Program achievement on household cost reductions for electricity access 

 

Figure 4 shows the capital costs reduction for rolling out the transmission and distribution 

network to achieve the required number of new connections.  

8. Disparity in electricity use: Disparities in electricity use that exist between different 

groups of people within the same community of the country result from big unequal 

distribution of income and power distribution networks where rich households have 

good access to electricity and use it more than poor households. In order to find out 
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the disparity in electricity use across various income groups in Rwanda, it has been 

considered the proportion of households by main source of home lighting for the 

poorest quintile (R1) to the richest quintile (R5) of the population over different time 

periods as indicated in the Main indicators of the third integrated households living 

conditions survey carried out by the National Institute of Statistics.  An average of 

maximum electricity expenditures was found for R5 category and average of 

expenditure on minimum consumption has been calculated for R1. This gives an 

assumption that R1 has electricity expenditures on minimum consumption and R5 has 

maximum electricity expenditures. 

Table 9: Proportion of households by main source of home lighting 

year R1 R5 Ratio (R1/R5) (%) 

2009 0 17.8 0 

2010 0 17.8 0 

2011 0.4 38.8 1.03 

2012 0.4 38.8 10.3 

2013 0.4 38.8 1.03 

Source: NISR- The second and third integrated household living conditions survey (EICV3) 

Disaggregation by quintile shows that electrification has benefited mainly the rich from 18% 

to 39% in the richest quintile but poorer quintiles have also benefited little and this started 

from recent years. The ratios calculated in table 12 have a negative relation with disparity. 

The analysis revealed a huge disparity in the electricity distribution among the rich people and 

the poor people. According to the table above electrification was limited to the richest 

quintile, with all other quintiles showing negligible electrification rates.  

 

9. CO2 emissions (metric tons per capita) 

Carbon dioxide emissions are emissions that stalk from the burning of fossil fuels and they are 

produced during consumption of solid, liquid, and gas fuels and gas flaring during the 

manufacture of different products by various industries. It is one of the local impacts of fuel 

use and is measured in metric tons, released by burning fossil fuels in the process of 

producing and consuming energy per total number of population for the year. The total 

amount of carbon dioxide emissions per capita analyzed in this study was acquired from the 

Environment and Climate change section of statistical year book 2013 availed by the National 
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Institute of Statistics of Rwanda where most of these carbon dioxide emissions are from 

burning heavy fuels during electricity generation.  CO2 emissions metric tons per capita over 

different time frames are summarized in Table 13below: 

Table 10: CO2 emissions per capita (metric tons) 

Year 2008 2009 2010 2011 2012 2013 

CO2/ 

capita 

0.74  0.79  0.84  0.89  0.94 0.99 

                 Source: NISR- statistical year book 2013  

From the data above, indicator for environmental issues shows that CO2 emissions goes up 

every year due to dependence on thermal generation which is still high and this makes the 

situation to be unsustainable on this matter. This is due to that as the government commits to 

increase the electrification rate it considers all means of generating electricity. Even though 

the share of renewable energy sources has been increased; the dependence on thermal 

generation is still considered at high level.  

The following are the selected indicators along with their values considered for 5 years period 

from 2009 to 2013. The period is considered since data for selected set of indicators are 

available.  
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Table 11:Selected indicators along with their values 

Year Reliability 

of supply 

(%) 

Transmission 

& 

distribution 

losses (%) 

Cost of 

Electricity 

Frw/kwh 

Job creation capital 

costs per 

household 

for the 

electricity 

access 

services 

($/HH) 

Electricity 

use per capita 

(Kwh/capita) 

Electricity 

accessibility 

rate (%) 

Disparity 

in 

electricity 

use(R1/R5) 

RES in 

electricity 

(%) 

CO2 

emissions 

per capita 

(metric 

tons) 

 

         
  

2009 0.0494 20 112 64.35 959.7 18.15 12.34 0 39.97 0.79 

2010 0.0514 19 112 68.42 877.2 20.22 19.2 0 40.69 0.84 

2011 0.0601 22 112 70.38 713.5 22.75 22.02 0.01 43.31 0.89 

2012 0.0637 22 134 75.89 763.3 25.84 22.6 0.01 46.25 0.94 

2013 0.0686 24 134 81.46 599.6 25.8 23.9 0.01 59 0.99 
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3.1.3 Normalization of all variables 

The normalization of variables consists of transforming the indicator variables on 0-1 scale. 

An index is created for each factor by considering the maximum values and minimum values 

observed in the situation/ case under analysis and determining how a particular case has 

performed.  

This normalization was carried out using the following formula [24]  

                 
                          

                            
 

 

    
           

               
 

The maximum and minimum values are taken from the observed values within the sample of 

the case under consideration 

Xik is normalized value 

Min (xi) and Max (xi) are the minimum and maximum values of the i
th

 indicator; xik is the 

particular value for the specific observation for set of the proposed indicators that were used 

for capturing and quantifying the main elements that define the sustainability of electricity 

situation in the case under examination. 

Since the application of PCA consists of multiple steps; transformation of variables on 0-1 

scale or normalization of the selected indicators is carried out hence, they are positively 

related with sustainability of electricity situation with the above mentioned equation; 

therefore, the normalized values for selected indicators are presented in the table below: 
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Table 12: Normalized values for selected indicators 

period Reliability 

of supply 

(%) 

Transmission 

& distribution 

losses (%) 

RES in 

electricity 

(%) 

Cost of 

Electricity 

Job creation Electricity 

use per 

capita 

(Kwh/capita) 

Electricity 

accessibility 

rate (%) 

capital 

costs per 

household 

for the 

electricity 

access 

services 

($/HH) 

Disparity 

in 

electricity 

use(R1/R5) 

CO2 

emissions 

per capita 

(metric 

tons) 

 
  

  
   

 
  

2009 0.00 0.20 0.00 1.00 0.00 0.00 0.00 0.00 0.00 1 

2010 0.10 0.00 0.04 1.00 0.24 0.27 0.59 0.23 0.00 0.75 

2011 0.56 0.60 0.18 1.00 0.35 0.60 0.84 0.68 1.00 0.5 

2012 0.74 0.60 0.33 0.00 0.67 1.00 0.89 0.55 1.00 0.25 

2013 1.00 1.00 1.00 0.00 1.00 0.99 1.00 1.00 1.00 0 
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3.1.4 Correlation matrix 

Table 16 displays the correlation matrix of the normalized indicators for the computation of 

the composite index. The selected indicators express the existing electricity situation and its 

profile in the communities of different regions of the country. 
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Table 13: Correlation matrix 

 

 

Variables Reliabil
ity of 

supply 
(%) 

Transmiss
ion & 

distributio
n losses 

(%) 

Cost of 
Electric

ity 
Frw/kw

h 

Job 
creati

on 

capital 
costs 
per 

househ
old for 

the 
electrici

ty 
access  

Electricity 
use per 
capita 

(Kwh/capi
ta) 

Electricit
y 

accessibil
ity rate 

(%) 

Disparit
y in 

electricit
y 

use(R1/
R5) 

RES in 
electric
ity (%) 

CO2 
emissio
ns per 
capita 

Reliability of supply (%) 1 0.948 -0.843 0.957 0.950 0.966 0.875 0.925 0.875 -0.985 

Transmission & distribution losses (%) 0.948 1 -0.749 0.869 0.916 0.841 0.709 0.890 0.885 -0.892 

Cost of Electricity Frw/kwh -0.843 -0.749 1 -0.898 -0.658 -0.878 -0.640 -0.667 -0.798 0.866 

Job creation 0.957 0.869 -0.898 1 0.902 0.938 0.852 0.781 0.933 -0.987 
capital costs per household for the electricity 
access services ($/HH) 0.950 0.916 -0.658 0.902 1 0.875 0.900 0.882 0.864 -0.939 

Electricity use per capita (Kwh/capita) 0.966 0.841 -0.878 0.938 0.875 1 0.911 0.904 0.772 -0.973 

Electricity accessibility rate (%) 0.875 0.709 -0.640 0.852 0.900 0.911 1 0.838 0.672 -0.908 

Disparity in electricity use(R1/R5) 0.925 0.890 -0.667 0.781 0.882 0.904 0.838 1 0.649 -0.866 

RES in electricity (%) 0.875 0.885 -0.798 0.933 0.864 0.772 0.672 0.649 1 -0.889 

CO2 emissions per capita (metric tons) -0.985 -0.892 0.866 -0.987 -0.939 -0.973 -0.908 -0.866 -0.889 1 
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3.2 Evaluating the indicators 

 

The progress made towards sustainability of electricity access situation can be measured 

basing on the above discussed sustainability indicators. In this section, we evaluated the above 

selected indicators for the five years period under consideration. 

1. Indicators in economic dimension:  

Four economic indicators namely RES in electricity generation; job creation; 

Electricity use per capita and Cost of Electricity have been evaluated. It has been 

observed that the use of renewable energy sources, job creation have been increased 

significantly over the considered period. However the cost of electricity is still a big 

challenge to sustainability of electricity access since it is increasing progressively year 

per year instead of decreasing.  The per capita electricity consumption in Rwanda 

varies significantly annually. The electricity consumption per capita has been raised 

up over the time mainly in 2012 and 2013 compared to previous years which is likely 

driven by the income growth. 

2. Indicators in social Dimension: 

In terms of social dimension, three indicators have been evaluated. Electricity 

accessibility rate, Household capital costs for the access program and Disparity in 

electricity use. For the evaluated period, the accessibility rate of electricity was 

improved in recent years mainly in 2012 and 2013  compared to previous years also 

which is likely driven by income growth and the dedicated programs as well as 

measures taken to improve electricity access. The capital cost for electricity access has 

recognized a significant reduction especially in 2013 however in 2012 was higher than 

in 2011and  this is mainly due to the Government target to achieve the required 

number of new connections, as well as the capital costs of off-grid solutions where 

they are more efficient. The disparity in electricity use seems to be increasing over the 

time and this is due to that the people living condition has been increasing 

progressively over the time since once many people improve their life condition, many 

households get to be electrified.  
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3. Indicators in technical dimension:  Reliability of supply and technical losses 

indicators have been assessed in this section. The reliability of supply has been 

improved over the time due to increase of use of renewable energy sources. However, 

the transmission and distribution losses indicator shows that electricity network 

presents high losses and varies annually which affects electricity tariff and its 

affordability. 

4. Environmental dimension: The indicator CO2 emissions per capita indicate that the 

GHG emissions have been raised up over the time because of high dependence on 

thermal generation.  As mentioned before, diesel and heavy oil fuel based thermal 

generation units are still in use to boost power production activities and are 

contributing up to 40% of total generation.   

3.3 Principal Component Analysis (PCA)to determine Sustainability 

Index 

The data normalization has extended all variables in the range from zero to one. The 

corresponding Eigenvectors and Eigen-values along with the loading factors for all variables 

associated with first four factor axes (F1 to F4) are presented in this section  

3.3.1 Determination of Eigen values and eigenvectors 

The statistical program Xlstat was used to calculate the Eigen values and the eigenvectors. 

The results of the calculations are illustrated in Table 14 (Eigen values) and Table 15 

(eigenvectors). It is observed that the first four Eigen values include the majority of the 

information. Even though the PCA resulted in a total of ten Eigen values, only four factor 

spaces (F1, F2, F3 and F4) comprising all the related information. In this way, the number of 

variables was reduced without the loss of major information. Taking into account that 

eigenvectors and Eigen values have different values, they are ordered from the highest Eigen 

value to the lowest, for obtaining the components in order of significance. Then, the 

calculation of the Principal Components takes place, and the Sustainability Index for 

electricity access situation is calculated.   



 

 

 

Table 14: Computed Eigen values 

 

  F1 F2 F3 F4 

Eigenvalue 8.766 0.570 0.385 0.279 

Variability (%) 87.655 5.705 3.849 2.620 

Cumulative % 87.655 93.360 97.209 99.829 

 

 

Table 15: Computed eigenvectors 

    

       F1 F2 F3 F4 

Reliability of supply (%) -0.337 0.038 0.039 0.123 

Transmission & distribution losses (%) -0.314 -0.034 0.488 0.387 

Cost of Electricity Frw/kwh 0.288 0.537 0.464 -0.292 

Job creation -0.329 -0.230 -0.087 -0.244 
Capital costs per household for the electricity access services 
($/HH) -0.321 0.237 0.340 -0.258 

Electricity use per capita (Kwh/capita) -0.327 0.083 -0.376 0.114 

Electricity accessibility rate (%) -0.300 0.439 -0.304 -0.480 

Disparity in electricity use(R1/R5) -0.304 0.450 0.031 0.522 

RES in electricity (%) -0.301 -0.444 0.420 -0.299 

CO2 emissions per capita (metric tons) 0.336 0.029 0.104 0.136 
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Figure 5: Screed plot
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3.3.2 Determination of electricity sustainability index 

The first two factors F1 and F2 together contribute 93% of the variability. With the additional 

two factors F3 and F4 which contribute 6%, i.e. four factors represent 99% of the variances of 

the original matrix. These four factors also have the highest Eigen-values. Therefore, the analysis 

has focused on these two factor spaces (F1andF2) and (F3andF4).The corresponding four Eigen 

values have been taken in this analysis without losing major information from the set of 

variables.  

The indicators (variables) which have large variations across the observations over the 

considered period of time and higher correlation with other indicators are loaded in the first 

factor (F1) and so on. In the case of this study, almost all the variables are mainly associated with 

factor axis F1 and F2, see the figure 6 bellow: 
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Figure 6: Correlations between variables and factors
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All of our indicators (variables) are influential to determine the sustainability index since all of 

them are associated with the first and second factors and having the largest squared cosine 

(loading factor)  

 

Table 16: Squared cosines of the observations: 

 
 

  F1 F2 F3 F4 

Reliability of supply (%) 0.967 0.018 0.002 0.010 

Transmission & distribution losses (%) 0.491 0.066 0.343 0.054 

Cost of Electricity 0.955 0.029 0.008 0.009 

Job creation 0.470 0.414 0.111 0.005 
capital costs per household for the electricity access 
services ($/HH) 0.472 0.010 0.190 0.326 

Electricity use per capita (Kwh/capita) 0.657 0.090 0.215 0.038 

Electricity accessibility rate (%) 0.066 0.627 0.203 0.101 

Disparity in electricity use(R1/R5) 0.347 0.543 0.065 0.043 

RES in electricity (%) 0.142 0.825 0.014 0.017 

CO2 emissions per capita (metric tons) 0.881 0.062 0.016 0.041 

 
Values in bold correspond for each observation to the factor for which the squared cosine is the largest 
 
 

 
3.3.3 Decide Principle components 

After estimating Eigenvalues, Eigenvectors and loading factors, the principal components (PCs) 

can be worked out.  

To determine the principle components (PCs), a matrix of vectors by placing the calculated 

eigenvectors in the columns was developed. And that matrix of vectors had been transposed and 

multiplied it on the left of the original normalized indicators being transposed too. Therefore the 

replacement of the set of indicators by an adequate number of their Principal Components (PCs) 

was executed. The PCs are considered to be normalized linear functions of the indicator 

variables and are mutually orthogonal. The first PC accounts for the largest proportion of total 

variation of all indicator variables. The second PC accounts for the second largest proportion and 

so on. 
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Table 17: Computed Principle Components 

 

PCs 

PC1 PC2 PC3 PC4 

1.0136 0.6825 0.4671 

 

0.2602  

 

3.2.5 Calculation of Electricity Sustainability Index 

Then the sustainability index for electricity access situation over the considered period of time 

can be calculated using the following equation [24] 

ESI 
                       

           
 

Where ESI is the Electricity Sustainability index and FiPCi is the product of the multiplication of 

Eigen value with its corresponding Principal Component.  

3.4 Result and discussion 

The analysis shows that electricity sustainability was the highest in 2013 and 2012 on the second 

position. The study shows that the sustainability for electricity access situation in Rwanda has 

been improved for the evaluated period of time.   

The figure below shows that for the period of time that has been considered, the highest ESI is 

observed for 2013.  
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Figure 7: Sustainability Index of Electricity access situation during the 5 years period 

 

3.4.1Decomposition analysis 

Decomposition analysis is essential to determine the role of each set of indicators to the 

aggregated composite indicator. 

In this research the ESI for the four key dimensions of indicators (technical, economic, social 

and environmental indicators) has been calculated first individually.  

The analysis has been further extended by looking at the performance on assessed indicators 

since most of them are associated with first and second principal axes.  

In addition, there is a positive influence of electricity accessibility expansion, and the 

corresponding positive influence on job creation resulting from this growth in electricity 

accessibility rate.  

ESI with technical, economic, social and environmental indicators 

The sustainability on technical, social, economic and environmental dimensions is different for 

various years as shown in figure 7. For the five years examined, 2013 proves to have the highest 

technical, economic and social sustainability due to that number of households with access to 

electricity has been increased considerably, electricity generation was raised up significantly and 

share of renewable energy in electricity generation has been improved whereas environmental 

dimension has the lowest sustainability during this period because of installation of additional 
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thermal generator sets burning heavy fuels to generate electricity . 2012 is the second to have the 

highest sustainability in technical and social dimensions with low sustainability in environment 

compared to previous periods. 

2009 has the lowest sustainability in all dimensions except environmental dimension; this is due 

to that even if renewable energy shares in electricity generation have been increased significantly 

in recent years still supplementary engines burning fossil fuels are being installed year per year 

compared to 2009 in order to increase power production. 

 

 

Figure 8: Electricity Sustainability Index with technical, Economic, Social and 

Environmental indicators 

 

In general, 2013 has the highest values on all indicators except CO2 emissions which raises up 

progressively for the reasons mentioned above and cost of electricity which seems to be high 

comparing to previous years (may be this is in terms of the local currency which is undervalued 

year per year comparing to international currency) as shown in figure 8 (radar diagram) in which 

the area coverage under the radar chart is proportionate to each period’s overall electricity 

sustainability. 
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Figure 9: Radar diagram presenting decomposition on various indicators showing the case 

of each year 
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expected. The disparity in electricity use shows that rich people still benefit much more than the 

poorest due to big gap in incomes.  

The analysis shows that all of variables are influential to determine the sustainability index. 

Among the five years, 2013 has the highest ESI especially socio-economic dimension while CO2 

emissions cause this period to not perform in environmental dimension due to the reasons 

mentioned early ,  whereas 2009 and 2010 have less ESI in general.  

4 Conclusion and Recommendations 

4.1 Conclusion 

Electricity sustainability index for electricity access situation was constructed using PCA. The 

index was used to analyze the overall progress made towards sustainability of electricity being 

supplied to Rwandan people over different timeframes. The results show that the country 

performed for the evaluated period of time in increasing the sustainability of electricity being 

supplied nationwide. 

This research shows that for the period of time 2009 to 2013 that has been considered, the 

sustainability of electricity access situation in the country has been increased progressively.  

The definition of sustainable electricity was captured as electricity supplied in affordable, 

accessible and reliable manner to manage environmental, social, and economic performance 

within the overall developmental context of the public for which the electricity services are 

intended, while having fair supply in meeting the society needs electricity sustainability. 

In this research it has been noticed that number of households with access to electricity has been 

increased considerably, electricity generation was raised up significantly whereby share of 

renewable energy in electricity generation has been improved and was increased up to 59% of 

total generation in 2013 compared to 2009.This increase is worthy since increasing the share of 

renewable energy in electricity generation is a way to diversify electricity supply sources and 

increase energy independence, while also reducing greenhouse gas emissions.   

The relatively high improvement of electricity sustainability in recent years could be associated 

with the Government commitment to increase sustainable electricity to as much as possible 

citizens by increasing the installed electricity generation capacity to accelerate the electrification 
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rate and the average annual growth of the number of subscribers has gone up at significant rate. 

This achievement could be also associated with clear policy goals as well as the country’s will to 

achieve such goals within a specified time frame through which guiding accelerating programs 

including but not limited to EDPRS1 & 2, Vision 2020, Energy policy etc. have been initiated 

and implemented.  

The Energy Access Roll-out program (EARP) which has been launched in 2009 in order to meet 

national targets and became operational in 2010 could also constitute element that enabled 

electricity access expansion in Rwanda whereby the growth in electricity access has been an 

impressive of 282% between 2009 and 2013.Also, it has becomenecessarytostrengthen the 

transmission and distribution networks in order to support the increaseddemand.  

Number of new connections has been increased and this resulted to have electricity accessibility 

rate exciting. The growth of accessibility rate might be motivated by the reduction of the capital 

costs of rolling out the transmission and distribution network.  

4.2 Recommendations 

If the country is to be competitive with other countries of the world, there is an urgent need for 

substantial increase in electricity consumption; 

Given that renewable energy sources revealed to often compete diesel generation, the 

Government may be advised to priotirize the exploitation of renewable energy source not only 

hydro but also solar, geothermal and methane gas resources so that CO2 emissions resulting in 

burning heavy fuels which cause the situation to not perform in terms of environmental 

dimension to be reduced   

The penetration of electricity access activities should be accelerated by extending the connection 

to the population nearby the grid and provide off grid solution such as solar PV units to social 

facilities falling outside the areas that are reached by the grid.  

 

A proper set up of electricity network and installation of low losses equipment is needed in order 

to minimize technical losses which have negative impact on sustainability of this electricity 

situation.  
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For future researches, in order toexamine andhave a summary of status, main issues, trends of the 

electricity access situationfor extendedperiod entire the country, the concerned institutions are 

urged to make available all relevant missing data. 

Acknowledging that the research limited to electricity access situation only, it is recommended to 

the Government of Rwanda to call upon interested candidates to conduct researches that covers 

the whole energy sector.  
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