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Abstract  
The poor in rural areas of developing countries continue to face the challenges of energy 
poverty. Lack of energy access and its impact on health, education and income, remain a 
significant cause of poverty. While many energy access projects and programmes have been 
implemented in developing countries, there have been varying levels of performances of 
expanding energy access to the rural poor. 

In this thesis, proposed Expanding Energy Access Intervention (EEAI) framework is an initial 
attempt to identify and encourage the concept of “Best Practice” for characterizing and 
evaluating different interventions aimed at expanding access to modern energy services.  

The main study addresses two challenges: the absence of a universally accepted definition of 
“Best Practice” on expanding energy access interventions; and the difficulty of measuring 
energy access interventions in a composite manner. To overcome these challenges, an in-
depth parameterized evaluation method has been suggested to provide decision makers a 
tool to track progress on the performances of expanding energy access interventions. 

The potential framework builds upon a five-dimensional pentagon to address multiple 
interactions and to calculate trade-offs so as to illustrate the “Best Practice” concept. The 
study is rooted in the Global Network on Energy for Sustainable Development Energy Access 
Knowledge Base (GEAKB), contains two sections: non-Chinese cases and Chinese cases.  Due 
to the complexity and multidimensionality of EEAI, a composite index along with the concept 
of the “Best Practice” is employed.  
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Through multi criteria analysis, observations from case studies are used to reflect different 
aspects of the “Best Practice” concept in different scopes. Two of the selected practices 
qualify as the “best” by fulfilling the requirements (have the minimum gap between the 
ideal pentagon) used in the identification and application processes. Computed scores of 
interventions from case studies indicate the framework and approach are feasible and fit the 
conclusions of existing references. 

The EEAI framework allows users to synthesize various information and data quickly, 
effectively and efficiently. Meanwhile, it could be used as a valuable guideline to promote 
the “Best Practice” concept for energy access project planning and implementation. The 
framework also provides a possible involvement for everyone to have transparent 
discussions. This study will be of value to police-makers and development practitioners in 
the fields of expanding access to modern energy services. 

Keywords: Best Practice; Energy Access; Framework  
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1. Introduction  
This study seeks to practically address two major challenges: (i) the absence of a universally 
accepted definition of “Best Practice” on expanding energy access interventions and (ii) the 
difficulty o 

1.1. The concept of “Best Practice” for expanding energy access  

In defining the scope of this study, an early challenge was lack of a consensus of what “Best 
Practice” means, and how it relates to “energy access”. This chapter clarifies these concepts. 

Energy access 

Achieving universal energy access is an ambitious goal facing a number of critical challenges.  
Currently, less than 68% of the rural population in developing countries has access to 
electricity [1]. Particularly, in sub-Saharan Africa and Least Developed Countries (LDCs) a 
significant number of people without electricity access are located there [2]. Evidence shows 
in addition that over three billion people are dependent primarily on traditional solid fuels 
[3].  

However, there is no universal definition of what the term “energy access” means. Many 
attempts were made to achieve a consensus definition of energy access. IEA’s World Energy 
Outlook describes energy access as: “a household having reliable and affordable access to 
clean cooking facilities, a first connection to electricity (defined as a minimum level of 
electricity consumption) and then an increasing level of electricity consumption over time to 
reach the regional average.” [4] While the US Secretary General’s Advisory Group on Energy 
and Climate (AGECC) gives the following definition: “access to clean, reliable and affordable 
energy services for cooking and heating, lighting, communications and productive uses” to 
achieve energy access for all by 2030 [5]. AGECC  highlights the access in a broader sense in 
order to meet basic human needs, but the incremental levels of access to energy service and 
corresponding benefits will move further based on local development (see Figure 1). 

 

Source: [5] 

Figure 1 Different Level Needs of Access to Energy Services 
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Access to modern forms of energy is essential. First, clean water and space heating provide 
some fundamental energy needs for human survival. Basic human needs as described above 
include energy for basic services, access produces sustainable development benefits by 
supplying reliable and efficient lighting, and contributing to the delivery of services for 
health, education and communication, etc. Regarding energy demand of improved 
productivity, the second level of energy needs is for productive uses and income generation. 
The third level could include a range of increased requirements for domestic appliances at 
the household stage, increased requirement for cooling and heating as well as private 
transportation [5].  

A basic minimum threshold of modern energy service needs to be used in setting the goal 
for universal access to modern energy services1 by 2030. While there is no accepted 
minimum threshold for universal energy access yet, IEA has proposed 100 kWh of electricity 
and 100 kg of modern fuels per person per year as a minimum threshold for defining energy 
access [6]. Furthermore, Practical Action revised a Total Energy Access minimum standard 
for 2012 of five energy services: lighting, cooking and water heating, space heating, cooling, 
and information and communication with respect to specific numerical standards [7].  

For the purpose of this study about identifying and encouraging the “Best Practice” concept 
of expanding energy access interventions, the definition put forward by the Global Energy 
Assessment (GEA) report has been adopted [3]. A simplest definition of universal access to 
modern energy is divided into two aspects: the first focuses on the availability of modern 
energy carriers2 (i.e. electricity); while the other aspect deals with the availability of 
improved end-use appliances (i.e. cook stoves) at an affordable price. 

Energy access, development and poverty  

While many developed countries may pay more attention to their domestic energy security 
or energy diversity issues, many developing countries are still searching for solutions to 
provide sufficient energy for basic humans needs. A number of studies have emphasised on 
the importance of energy in development is by now universally accepted, in particular both 
electricity and modern cooking solution can play in enduring impacts of poverty and to move 
the poor onto a rising development trajectory [1] [2] [3] [6] [8] [9] [10]. The close linkage 
between energy access, poverty and development lines on access to energy services 
contribute to reducing poverty and achieving the MDGs. As described in the report of Global 
Energy Access of International Institute for Applied Systems Analysis (IIASA) [3]:  

“Poverty alleviation and the achievement of the MDGs will not be possible as long as 
there are billions of people who do not have access to electricity and or to cleaner and better 
quality as well as adequate supplies of cooking fuels or with limited access to affordable and 

                                                           
1 Generally, electricity is doubtless considered as “modern” service. Thus, “modern” to energy 
services and/or carriers mainly refer to fuels so as to differentiate with “traditional” fuels, such as 
biomass and other solid fuels [10].  
2 Primary energy carriers can be explained as an input to the appliances that produce the energy 
services in this report: i) Electricity: provided by a grid, stand-alone generation or battery supply; ii): 
Fuel: in solid, liquid or gaseous states that are combusted in appliances in order to deliver the energy 
service [10]. 
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more efficient end-use energy devices such as improved cookstoves (those using traditional 
fuels but burning in a cleaner fashion), proper heating, more efficient lights, water pumps, 
low-cost agro-processing equipment as well as energy-efficient housing and transportation 
options.” 

Energy, poverty and development are mutually reinforcing factors. Expanding energy access 
can reduce poverty and empower rural development in direct and indirectly ways. Access to 
affordable, reliable, efficient and safe energy carriers can directly impact productivity, 
income, health, enhance gender equity, education, and access to other infrastructure 
services [3]. Although there is no Millennium Development Goals specifically to energy, the 
importance of access to modern energy is well recognized by the global community [8] [10] 
[11] [12]. These progresses lead to social and human capital improvements, which in return 
as a result of income generation growth and enable the poorest to escape poverty [10]. 

“Best Practice” concept 

Best Practice has been widely implemented as a programme, activity, strategy, method, 
approach, technique, process or mechanism (based on the nature of practice) in order to 
optimize the result of production or management practices and minimize the chance of 
mistakes [13] [14]. Regarded as a buzzword or ambitious concept, “Best Practice” 
emphasizes describing the extent of process achievement. 

There have been numerous efforts to find out a definitive definition of the term “Best 
Practice”, but there is no generally accepted definition of the concept of “Best Practice”. It 
follows that many alternative concepts relate to the concept: successful practice, good 
practices, promising practices, and smart practices, etc. [15] [16] [17] [18] [19]. These 
alternative concepts rephrase the “Best Practice” definition by formulating realistic 
expectations and developing a concrete understanding.  For instance, the U.S. Department 
of Health and Human Services (HHS) refers to a "promising practice" as one with at least 
initial evidence of effectiveness in small-scale intervention [15]. In AfriCAN Climate, similarly, 
a “Good Practice” refers to “something that works”. Toward a domain-specific definition of 
“Good Practice”, it is described as “actions that are effective in meeting established goals 
and deemed to be appropriate and acceptable by a broad range of stakeholders” [18].  

Hence the concept is something that can be through its outcomes, such as its effectiveness, 
and a “Best Practice” idea or standard can therefore be useful for performing such studies or 
comparisons of outcomes and effectiveness. In relation with poverty alleviation [17]: 

     “The main purpose of studying Best Practice is to present and promote creative, successful 
and sustainable solutions to problems caused by poverty and social exclusion in order to 
build bridges between empirical research and the development of policies to reduce poverty.”  

Another example of “Best Practice” comes from poverty reduction in Argentina, where the 
degree of success is measured by different criteria [17]. This quantitative methodology 
adopts an alternative concept of Successful Practice through an expert panel. When 
adapting "Successful Practice" for specific sites, in addition, it is important to determine the 
reason why the practices are seen to be successful while other practices are not. In other 
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words, the dissemination of "Best Practice" shows up the need for standardization, 
especially in management standards to promote high performance. It has been commonly 
defined as the most efficient and effective methods of accomplishing a task or achieving a 
goal [20].  

To implement “Best Practice” of achieving its goals, there are two main challenges that have 
to overcome: sustainability and transferability. It is necessary to ensure the "best" element 
will remain alive and active in a long term. Notwithstanding, any practice in a particular case 
can be called “Best” with certain assumptions, but what if the scenario is set into another 
circumstance, can it still be called “Best Practice”? Therefore, another demanding property 
of “Best Practice” –replicability -emerges. More figuratively, a plant is used as a metaphor 
for a “Best Practice” that be transported to a new location [17]. The basic needs of plants, air, 
water, sunlight, fertilizer or other factors should be met first. On moving to a new location, 
the plant might still live in the “best” condition with a certain level of changes. This character 
implies not only that the “Best Practice” intervention can scale up from one location to 
another, but also signifies this concept could be transferred across different research fields. 

The concept of “Best Practice” has long been recognized by Ashden Awards, it aims to 
encourage the scale-up of sustainable energy in developing countries by creating a 
knowledge centre [21].  Known as the Best Practice Database, the United Nations Human 
Settlements Programme (UN-HABITAT) has collected success practices in a searchable and 
regularly updated database, in order to identify, evaluate, and disseminate approximately 
4,000 proven solutions to the common social, economic and environmental problems [22]. 

 “Best Practice” concept and expanding energy access interventions 

The embedding concept has been well recognized and applied for evaluations with certain 
criteria. Hence, considering energy access issues, "Best Practice" in this study represents a 
valuable concept for tracking, measuring and reporting of interventions that expand access 
to modern energy services. 

Measurement and reporting are essential components in the efforts to accomplish universal 
modern energy access and support policy making [23]. The procedure of monitoring and 
reporting towards improving energy access is instrumental in tracking the process and 
accountability. For instance, in the report of the Sustainable Energy for All (SE4All) Initiative 
[24], one specific step is mentioned: developing a robust set of criteria against which 
potential energy access for the SE4All initiative can be assessed and validated. 

Specifically, the consideration of a robust measuring and reporting mechanism will help 
in [25]: 

• Improving the availability of information about the range and impacts of actions that 
countries are taking to increase access to energy 

• Helping countries clearly delineate and monitor actions they can take to meet their 
agreed target  

• Increasing awareness among countries of policy options and best practice 
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• Enhancing the effectiveness of implementation of such policies at national and local 
levels, and the credibility of all countries’ efforts 

In particular, ESMAP’s energy access report [26] integrates the concept of “Best Practice” 
into the provision of access to clean energy for the urban poor in four countries. The paper 
identifies what is “Best Practice” in ESMAP's perspectives, evaluates various cases to 
demonstrate several common barriers and highlights diverse ways to overcome them. 
Though ESMAP gives lessons to scale up and accelerate the implementation of these energy 
access interventions or further study, it has shown lack of a comprehensive framework or 
approach to measure energy access cases and to identify “Best Practice” in rural areas. 

Concluding this review, it should be stressed that the concept of “Best Practice” is vital for 
maintaining the momentum of making universal energy access for all.  Meanwhile, it is 
required to examine and refine available tools and approaches for measuring energy access 
interventions to ensure that they are robust and useful for monitoring progress. Additionally, 
the suggested framework and approach need to be applied to case studies of different kinds 
to be more operational and optimal.  

1.2. Selection of Approaches to Measuring Energy Access Intervention  

A considerable body of literature exists on energy access carried out over years, mostly 
focusing on case studies that provide relevant lessons and principles (see Appendix 1) for 
more detailed information). UNDP and Energy report [27] recommended principles about 
how to achieve MDGs by through universal clean energy access by: “Strengthening national 
policy and institutional frameworks; Mobilizing expanding financing options; Developing 
effective approaches for scaling up delivery at the local level”. In addition, the Africa 
Renewable Energy and Access Programme (AFREA) provides additional lessons related to 
household energy access , such as that public awareness campaigns are the prerequisites for 
successful interventions, improved stoves users’ needs and preferences should be given 
priority, and in order to disseminate household energy access the durability should be the 
key factors [27].  The findings from these analyses were synthesized in this chapter to draw 
good practices and lessons learned in energy service delivery, financing and mainstreaming, 
and other factors. 

Key messages related to expanding energy access interventions have been presented by 
given lessons and principles in Appendix 1. Essential observations they contribute are 
difficult to aggregate and integrate the “Best Practice” concept. In addition, it seems that a 
simple but effective evaluation and measurement approach is currently missing [28]. 
Moreover, there have been numerous attempts to conduct comprehensive measurements 
on energy access as opposed to expanding energy access interventions [7] [12] [9] [29] [30]. 
Based on the nature of practice, the “Best Practice” concept is to measure the intervention 
rather than the absolute degree of energy access achieved. Therefore, there is a need to 
demonstrate a relative but in-depth parameterized evaluation method to address these 
issues, and providing decision makers with a tool to track progress on the performances of 
expanding energy access interventions. These insights are then used to develop a new 
integrated evaluation framework for the concept “Best Practice” of expanding energy access 
interventions. 
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A number of precedents provide insight for the design of metrics, both within and outside 
the field of energy access. Four possible metrics for measuring and reporting on energy 
access are outlined briefly: single indicator, dashboard of indicators, composite index and 
multi-tier. This chapter discusses these methodological options with regard to their 
respective strengths and weaknesses. The methodological aspects of approaches to measure 
energy access intervention are discussed in more detail in Appendix 1. 

Single indicators (or uni-dimensional) indicators  

Specifically, interpreting with regard to one dimension, most of these indicators provide a 
narrow picture of the issue measured. Such an indicator based on one variable provides raw 
data, and may be suitable for some cases with few dimensions [31]. Currently, some cases 
about evaluation of energy poverty apply a single indicator to the context, for instance, the 
energy poverty line in the Rural Bangladesh study [32]. 

Dashboard indicators  

As a set of individual indicators, "dashboard" is described as a more comprehensive method 
and can provide more information. The Energy Indicators for Sustainable Development 
(EISD), for example, lists 30 indicators that aim to measure the social, economic, and 
environmental impact of energy [31]. Meanwhile, with such an amount of indicators for 
quantitative and qualitative study, it might be more challenging for policy makers to extract 
a clear message from them than a single metric.  

With regard to the cross-country comparison for tracking energy progress, dashboard 
indicators might be impracticable. Moreover, moving towards the more tangible and 
complex nature of energy and sustainability issues, multi-dimensional analysis can develop a 
new framework with involved elements. Aggregating models could yield outcomes that can 
be compiled into individual, such as composite indicators [33].  

Composite indicators  

On the basis of condensed information from multi-dimensional aspects, composite 
indicators provide a relatively adequate measure. They have been widely used as an 
alternative to single, uni-dimensional values [34]. The rationale for developing composite 
indicators lies in the need for aggregating information to a level that makes analysis 
convenient. They have proven to be convenient in benchmarking or monitoring performance 
and setting policy priorities [35]. 

As indicated in the handbook of constructing composite indicators [35], composite index has 
several shortcomings. Especially, combining the information from multivariate variables 
leads to the outcomes being reduced to the measurement and tracking of a single indicator, 
which means that combining a number of individual variables by way of making assumptions 
and simplifications, may lead to a loss of information. Thus, composite index could mislead 
policy-makers' decisions, particularly when the results are too simplistic or the indicator is 
poorly constructed.  
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There have been numerous discussions in the literature of composite indicators related to 
energy issues. The human development index (HDI), and other similar composite indices 
have been widely criticised in the development literature for inconsistencies, 
methodological flaws and redundancy [36] [37]. Due to these critiques, the methodology to 
compile the HDI has changed many times over the years. Nevertheless, some experts 
highlight the issues related to the aggregation model and/or the weightings in particular [38] 
[29]. A highly aggregated index was adopted in a systemic approach to sustainable 
development, it gave an overall picture of sustainability with the use of Analytic Hierarchy 
Process approach [39]. Those explanations demonstrate that a composite indicator can 
provide a useful statistical summary of particular issues [34]. 

In general, the aggregating models use a simple additive method, like weighted sum, 
although sometimes geometric mean aggregation is used. The sustainable development 
triangle [40] proposes a composite sustainability criterion with a three-dimensional multi-
criteria analysis. It assesses different projects in a geometric and balanced perspective, and 
provides instinctively robust outcomes. 

Multi-tier 

The multi-tier metric may be considered as a candidate proposal to address the challenges in 
definition and measurement techniques, drawing on numerous recent efforts [9]. The metric 
is flexible and allows for country-specific targets to be set. Learnt from reports about energy 
access index [12] and incremental levels of access to energy service [2], the multi-tier 
framework produces more information with different levels. In the energy access field, to 
achieve universal energy access across countries, a multi-tier approach would embrace the 
appropriate interventions to adequately track progress. 

For the purpose of the present study, a measurement of access intervention to electricity 
and cooking solutions is conducted. While a multi-tier approach could be preferable, such an 
approach requires large amounts of data. For practical reasons, i.e. data limitation, the 
composite index approach is a favoured approach for characterizing and measuring energy 
access interventions. 

1.3. Energy Access in Rural areas of China 

This thesis documents good practices learned in expanding energy access for the poor. A 
discussion based on existing literature will be followed by case studies of expanding energy 
access from GNESD (Global Network on Energy for Sustainable Development) Energy Access 
Knowledge Base (GEKAB). Six cases explore the extent to which case can be identified as 
“Best Practice”. This study highlights the energy access issues in the western China and aims 
to achieve a better understanding of what have benefited the rural poor gain access to 
modern energy services.  

Two sections of cases explore the extent of the concept of “Best Practice” for expanding 
energy access: non-Chinese cases and Chinese cases. The case studies in Chapter 3 focus on 
the non-Chinese interventions (one case from Brazil and two cases from South Africa) to test 
the feasibility of the methodology laid out in Chapter 2, and then Chapter 4 is devised with 
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the intention that applying Expanding Energy Access Interventions (EEAI) framework to the 
Chinese extent for further study.  With limited information, unfortunately, only one energy 
access case of rural areas in western China has been reported by ERI. Thus, the Chinese case 
studies in Chapter 4 are replaced by three cases from China, Bangladesh and Nepal 
respectively.  

Following section provides a statement of energy access circumstance in rural areas of 
western China. Then, relevant observations and characters of access to electricity and 
modern cooking solutions in rural areas of western China are identified. A detailed case 
study of Sending Electricity to Towns (Song Dian Dao Xiang) Programme will be presented 
and analysed in Chapter 4.  

Country Overview 

China, with a land area of 9.6 million square kilometres, is the world’s third-largest country 
by geographical extent. The population of 1.351 billion, makes China the most populous 
nation in the world, with a rural population of about 642.22 million [41] [42]. Only a few 
decades ago, the vast majority of the population lived in rural areas, while in recent years 
the country has seen a rapid growth in the urban share (Figure 2). Formerly (several decades 
ago), domestic migration from rural to urban areas was nearly impossible because of a strict 
local residence permit system. In 1979, 82% of the population lived in rural areas. In recent 
years, the Chinese urbanisation rate shows rural to urban migration has been quite 
significant, with the rural population share decreasing 1% every year to reach 47.4% in 2012 
[43].  

Since initiating market reforms in 1978 (with the open door economic policy), when China 
started opening up to the world, impressive progress has been made, both economically and 
socially. China became the 2nd largest economy after the United States in 2010, playing an 
important role in the global economy [44]. The Chinese economy mechanism has shifted 
from a centrally planned to a more market-oriented economy that has a rapidly growing 
private sector. In 2012, the economy grew to GDP $8.227 trillion. Despite this remarkable 
economic growth, China still experience serious challenges on the poverty front. More than 
170 million rural Chinese inhabitants still live below the $ 1.25-a-day international poverty 
line in 2011, and the disparity between urban and rural areas is significant [45]. 

As a result of impressive economic growth, meanwhile, energy demand has increased 
simultaneously.  China came to be the major energy consumer as well as a producer in the 
world today.  As a share of current energy consumption (2011), coal makes up for 69%, oil 
19%, other clean energy (hydropower, nuclear and wind power) 8%, and natural gas was 
merely 4% [43].  

As the largest developing country poverty reduction has been given top political priority, 
which has brought immense improvements in energy access to electricity in China over the 
past 30 years [30].  Despite that, China is still facing arduous challenges in the rural area with 
lack of the access to the benefits of modern energy services in a sustainable manner. There 
is a great need for expanding clean energy access in the rural areas of China, especially of 
the poorer provinces in western China. 
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Source: [43] 

Figure 2 Rural and Urban Population in China 

Rural Energy Review 

To improve the livelihoods of Chinese, energy development in both urban and rural areas 
should be coordinated. Due to its lower priority place in the Chinese energy development 
strategy, energy development in the rural areas has not been fully concerned for a long time 
when compared to energy issues in urban areas. 

Considering energy utilization, Chinese poor still use inefficient technologies and sources of 
energy. A relatively large share of coal and wood in rural energy use indicates that indoor air 
pollution still poses serious health problems in poor households with traditional cook stoves 
(see Figure 4) [46]. Based on WHO Household Energy Database in 2006, rural areas had 37.6% 
access to modern energy forms and urban areas had 64.3% [47]. Although almost all Chinese 
villages have access to electricity, still a number of households in remote villages are lack 
access to any kind of electricity. In 2009, the un-electrified population in China stood at 8 
million [48]. These inaccessible, remote, or mountainous regions are the “special rural” 
areas should be noticed. These problems deny the rural population of the benefits of 
economic development by electricity service and the consequent progress towards the 
MDGs. 

Hence, there is a need to boost energy infrastructure constructions and enhance energy 
conditions in the vast rural areas which are inhabited by ethnic minorities in compact 
communities [49]. Following a principle of comprehensive and effective utilization of diverse 
energy sources according to local conditions, striving to eliminate energy poverty and 
improve civil energy–use conditions, China is increasing the amount of energy infrastructure 
investment in rural areas, and enhancing basic public services. The Chinese government is 
putting high priority on the rapid utilization of renewable energy sources in rural areas, and 
launching various green energy demonstration projects. 

Rural Access to Electricity Review  

Electricity is the most difficult infrastructure to develop in rural areas [3]. Nevertheless, 
taking the lead among Asian developing countries, China has set an excellent example of 
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achieving universal electrification among urban and rural areas, reaching a national 
electrification rate of  99.7 % by 2010 [50]. 

China’s power supply for rural areas was dramatically expanded during the period of 1960s 
to 1990s with over 900 million rural people gaining access to electricity [51]. Since 1979, 
when China started its economic reform, the success in rural areas began. Rural regions 
accounted for a mere 0.66% of national electricity consumption in 1957 but this rate climbed 
to 13% until 1978 [52]. Along with the expanding electrification programmes, China achieved 
rapid growth in the rural regions. Rural electricity consumptions, meanwhile, increased to 32% 
by 1987. By the end of 1997, the country had achieved a record rural household electricity 
access ratio of 95.5% [53]. This growth in Chinese rural electricity use is apparent in Figure 3. 
Since 2000, the development of rural electrification shifted from fossil fuel-based grid 
extension programmes to renewable energy-based rural electrification programmes [54], 
motivated by the fact that many un-electrified areas are rich in renewable energy resources, 
which can provide power to remote rural areas practically and economically. 

The experience of success in the rural electrification- rural development linkage in China 
provides valuable lessons for other countries. Among the developing countries, Chinese 
electrification relied on a bottom-up approach (while most other countries adopted a top-
down approach3) in which multiple technologies (small hydro, coal, and other renewable 
energies) and multi-mode delivery options (central grids, local grids and hybrid systems) 
were given priority. China followed a phased development method in which the local-grids 
were initially developed in the rural areas to cater to low demand. But as demand grew, the 
systems were then renovated to integrate with the regional or national network [57]. Strong 
government commitment, active local participation, technological flexibility and diversity, 
strong emphasis on rural development through industrial and agricultural activities, and 
focus on capacity building and training have also played an important role in the 
accomplishment [53]. 

 

Source: [56] 

Figure 3 Electricity Consumption in Rural China 

                                                           
3 Two energy-economy models: top-down approach evaluates the systems based on macroeconomic 
modelling principles and techniques; down-up approach based on disaggregation and the inclusion of 
a large number of technical parameters [162]. 
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Error! Reference source not found. Despite these accomplishments, taking China’s huge 
population and vast rural areas into account, 8 million Chinese still lacked electrification 
2009 [1]. At present, most areas without electricity are located in western areas, far from 
the grid. The provinces with the highest number of un-electrified households are Tibet, 
Gansu, Inner Mongolia, Xinjiang, and Qinghai, all of them located at western or north-
western China [55].  

Error! Reference source not found. shows how the western regions have relatively lower 
electricity rates but grew considerably (roughly 10%) in the 1990s. Due to these challenges, 
the remaining communities and settlements are the targets for full electrification in China’s 
next Rural Electrification Programme as well as the target group of the present study. 
Overall, compared with fully electrified urban areas, China has provided hundreds of millions 
of people in rural areas with electricity and is expected to achieve universal coverage by 
2015 [49]. 

Rural Access to Modern Fuels and Stoves Review  

While China (with near 100% electrification) is seen as a great example of success in 
developing Asia, there is still a challenge with regard to cooking solutions. In rural areas coal 
is still permitted to be used Chinese households such as burned raw unvented stoves. Coal 
accounted for 29% in rural household energy consumption in 2007 [5]. Moreover, 387 
million Chinese still were using traditional biomass for cooking, corresponding to a 29% 
share of population in 2010 (345 million in rural areas and 42 million in urban areas) [30].  

Biomass and coal continue to meet the needs of rural households as the primary cooking 
fuels. From 1998 to 2004, rural energy consumption increased significantly, and about 90 
percent of this increase came from the growth in solid fuels. In 2007, populations relied on 
solid fuels for cooking that use improved cooking stove (refer to closed stoves with chimney) 
in China, with rural and urban accounting for 71.3% and 48.2%, respectively [47]. Although 
gas, oil and electricity consumption in rural areas has increased over the last 25 years, the 
share remains very low, and much lower than in urban households (see Figure 3) [3]. 
Regarding electricity utilization, although 98% of rural households have access to electricity, 
electricity constitutes only 6% of total energy consumption (mainly for lighting) [58]. In 
contrast, with an energy transition from biomass and coal to modern energy, urban China 
has more access to modern fuels. 

Lack of access to clean, efficient, modern energy can impact on health, and in particularly, 
air pollution can lead to direct health effects from burning solid fuels (often indoors on open 
fires) and using simple stoves [5].  Exposure to indoor fuel smoke causes health problems 
including breathing difficulties, asthma, (lung) cancer and cataracts. Besides, the simple 
stoves are often ineffective, resulting in highly elevated indoor pollution of carbon monoxide, 
particulate matter, volatile organic substances etc. [60].  In addition, adverse health of the 
rural population has been impacted by emission of SO2 from the extensive use of coal, such 
as inhalation. Moreover, access to modern energy influences the livelihoods of rural 
populations, particularly Chinese women in charge of household work, like collecting 
biomass fuels. 
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Source: [47] 

Figure 4 Rural and Urban Household Energy Use in 2006 

Likewise, China has made considerable efforts on household energy access interventions, 
improving the dissemination of cook stoves. In the period between 1982 and 1999, 180 
million improved biomass stoves were disseminated by the Chinese National Improved 
Stoves Programme. Considered as the largest and arguably most successful, the Chinese ICS 
programme relied on rural private stove companies for its success [3].  
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2. Methodology  
The study intends to define a robust and workable definition and approach for applying the 
concept of "Best Practice" for expanding energy access. Though the literature review, 
different definition and approaches are listed and compared.   

This study is based mainly on the information as well as relevant data made available in the 
GNESD Energy Access Knowledge Base (GEKAB) [61]. This study not just reviews the energy 
access cases that had been contributed to the GEAKB by different institutions and 
organizations, but also considers the principles and lessons involved. An attempt is made to 
adopt a composite index of EEAI (Expanding Energy Access Intervention) to track and 
measure energy access interventions. In particular, the meaning and utility of the “Best 
Practice” concept on the composite indicator EEAI (Expanding Energy Access Intervention) is 
developed by multi-criteria analysis through assessment of cases of interrelated reports and 
papers. 

The following steps will be covered: 

• Lay out a multi-dimensional framework for measuring expanding energy access 
intervention corresponding to electrification and modern cooking solutions. 

• Develop the composite index of EEAI to integrate with the concept of the “Best 
Practice” concept. 

• Conduct a robust multi-criteria analysis (MCA) of expanding energy access 
interventions by examining a number of case studies. 

Figure 5 illustrates the concept development of the framework from a theoretical "Best 
Practice" concept, through an operational Best Practice concept, to an optimal Best Practice 
concept. 

 

Figure 5 Outline of Concept Identification and Encouragement 
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3. Theoretical level of "Best Practice" of Expanding Energy 

Access Intervention  
In order to further the understanding of expanding energy access issues, this chapter 
presents a theoretical framework for evaluating interventions to achieve relevant 
measureable goals and targets, to capture the quantity and quality of electricity supplied, as 
well as modern cooking solutions.  

3.1. Framework Inspiration  

With a growing momentum to adopt a universal energy target, there have been many 
contributions in the literature on standards for energy access intervention from an 
operational point of view. Lessons can be learnt from previous efforts to analyse energy 
access interventions, where energy access is characterized by various dimensions of need 
and various resources and technologies [62].   

Previous studies focused on a single dimension of the energy access issues, such as 
adequacy (or availability above a minimum threshold quantity), physical availability of 
energy carriers, affordability, and quality and reliability [63]. Meanwhile, other research 
translated sustainable development [31] into the provision of modern energy services terms. 
Many publications provide a specific perspective by focusing on particular objectives.  In the 
concept of sustainable development triangle, it is used to build the common hypothetical 
framework with three dimensions (economic, social and environmental sectors) [64]. The 
sustainable development triangle is essentially about improving human well-being in a way 
that can be sustained, economically and environmentally (see Figure 6). As an example, 
different energy projects have been assessed by three-dimensional multi criteria model in a 
balanced sustainable development perspective [40].  

Integrating sustainable development with energy access issues, Chian-Woei Shyu [65] 
categorized four aspects to analyse the implementation of the Township Electricity 
Programme in China: the technical, financial, human resource, and institutional aspects. The 
model was applied to two investigated townships with a focus on the impact of four 
underlying on the provision of electricity and electricity service. Figure 6 illustrates these 
entanglements and how they worked to influence one another.  

Implementation 
problems 

Institutional aspect

Human 
ressources aspect

Technical aspect

Financial aspect

 

Sources: [40] [65] 

Figure 6 Three and Four Dimensional Models (Sustainable Development Triangle and 
Township Electrification programme Implementation Model Respectively)  
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Table 1 highlights a summary of some selected literature on the review of energy access 
programmes from a multi-dimensional approach. This indicates that most of the cases or 
assessments have used six dimensions. Due to the close link between institutional 
(organisational) and political, here they are merged into the one common dimension: 
“political”. In addition, resulting from unavailable information about project costs, such as 
O&M costs, thereby the economic dimension is replaced by financial dimension and focus on 
financing resources. Hence, in order to conduct a synthesis of parameters under the 
information deficiency, the dimensions in expanding energy access interventions are 
reclassified into five dimensions in this study. In other words, this theoretical framework of 
EEAI applies an analysis to electricity and modern cooking solutions to five dimensions as 
follows: social, political, financial, technical, and environmental instead. 

Table 1 Energy Access Studies from Multi-Perspective 

Technical  Economic  Social Environmental  Organisational 
/Institutional  

Political References  

X X X X X   [59] [28] [66] 
[67] [68] [69] 

X X X X X X [70] 

 

After identifying five dimensions, the way how to evaluate these dimensions with regard to 
the “Best Practice” concept needs to be addressed. The whole framework of this research is 
rooted in the five asset pentagon of Sustainable Livelihoods Framework.  An adaptation of a 
framework suggested by Felipe et. al[36] is used. It considered five dimensions 
corresponding to five assets - Physical, Financial, Natural, Social and Human assets (see 
Figure 7). As a slight modification from the original methodology, the framework here (see 
Figure 8) is applied across five individual dimensions. The analysis model shows how results 
derived from a balanced approach.  

  

Source: [71] 

Figure 7 The Asset Pentagon in the Sustainable Livelihoods Framework 

The approach in this study applies the model to expand energy access interventions in order 
to provide a quick visual comparison of among dimensions and interventions. Hence, the 
pentagon illustrated above is defined to gather information about dimensions of expanding 
energy access to be presented visually. The shape of the pentagon illustrates schematically 
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how the intervention "performs" within these five dimensions. It outlines scores in the 
different dimensions, give comparisons between different dimensions and even individual 
cases. The pentagon thus enables users to visualise the multiple trade-offs between 
dimensions when considering adopting one intervention over another. 

The central point of the pentagon, where the lines meet, symbolizes no possibility to achieve 
ideal while the outer perimeter represents maximum possibility to be ideal. In particular, the 
diagram displays the ideal level of development of dimensions under expanding energy 
access interventions, i.e. each vertex has a value between 0 and 1 (detailed settings can be 
found in the next chapter). On the basis of this design, different shaped pentagons can be 
drawn for different interventions. It would be expected that the “Best Practice” would shift 
the real pentagon closer to the ideal situation. 

 

Source:Author  

Figure 8 Pentagon Model of “Best Practice” Concept of Expanding Energy Access 
Intervention 

Expanding energy access is a complex, multi-dimensional phenomenon- gendered, dynamic, 
institutionally embedded, and location specific. Following the discussion presented above, 
this complexity is presented in five dimensions, namely, social, political, financial, technical, 
and environmental. A comprehensive discussion of each dimension presented below. 

 Social  

What is this dimension? 

In the language of the Sustainable livelihoods framework, the social dimension refers to 
social asset. It is the social resource upon which people draw to achieve of their livelihoods 
objectives. The social domain highlights the enrichment of human relationships and the 
achievement of individual and group aspirations [71]. In terms of energy, there is a strong 
linkage between energy access and social impacts, which has direct influence on poverty, 
employment opportunities, education, demographic transition, indoor pollution and health, 
and has gender- and age-related implications.  
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Why is it important? 

Energy facilitates social development, offering opportunities for improved life conditions 
[72]. A lack of modern energy services and carriers, undermines social services, limits 
opportunities for women, increases child mortality and contributes to the spread of diseases. 
The social dimension can make a particularly important contribution to people’s sense of 
well-being. 

Several studies have underlined the importance of access to energy services for meeting the 
Millennium Development Goals4 (MDGs) in developing countries [11] [62] [73]. Expanding 
energy access interventions focuses on meeting the needs of users, broadening energy 
supply options, and linking these efforts to meet the MDGs and poverty reduction. Most of 
the MDGs reflect the social targets that can be related to expanding energy access 
interventions. In the report of UNDP, the connection between energy services and their 
contribution towards MDGs was given after a review of several energy access projects, and 
indicated that modern energy service can reduce poverty and contribute to achieving the 
MDGs [62]. However, expanding energy access alone is an insufficient condition for 
achievement of MDGs [10]. 

 Political 

What is this dimension? 

Generally, the political dimension here refers to political commitments and actions, legal 
frameworks and regulatory schemes. Well-documented linkage of modern energy access to 
development and the environment makes energy access become a policy objective, 
especially for countries where the access to energy services is still low. Political initiatives to 
facilitate universal access to modern energy services can political commitments take as 
guidelines. Regional and national contexts should be taken into consideration in defining 
strategies, instruments, and monitoring. Meanwhile, the influences of interrelated 
organizations, institutions and agencies are not inconsiderable. On the contrary, they placed 
a high value on existing interventions with regard to management and process control.  

Why is it important?  

Launching an expanding energy access intervention cannot occur without significant political 
effort to mainstream access to better energy service. Consequently, an absence of specific 
policies oriented toward poverty alleviation often explains inequitable economic growth and 
inequality the in access to and use of energy [3]. 

The basic function of national and local government is to create enabling conditions as an 
active policy support and create a framework for the development of energy services [62]. 
Public awareness campaigns contribute to awareness–raising and development initiatives. 

                                                           
4 MDGs refers to eight goals: Eradicating extreme poverty and hunger; Achieving universal primary 
education; Promoting gender equality and empowering women; Reducing child mortality rates; 
Improving maternal health; Combating HIV/AIDS, malaria, and other diseases; Ensuring 
environmental sustainability and Developing a global partnership for development [155]. 
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Energy policy is part of wider development policy, and moreover, it needs to be aligned with 
other sector policies and objectives [3]. Policy to improve energy access should therefore be 
an integral part of the strategies for poverty reduction and income distribution. 

 Financial  

What is this dimension? 

The financial dimension here means: numbers of ways to apply available financial resources 
to deliver modern energy services more affordably to low-income households, addressing 
the investment costs or the recurring costs. It includes different financing sources and 
mechanisms to facilitate modern energy access issues. In this study, the focus is on how the 
investment required to achieve the objectives of expanding energy access can best be 
financed. This includes cross-subsidies, loans, grants or guarantees as instruments to address 
the energy access-related financing needs of utilities, national or local governments, aid 
agencies, NGOs, private sector companies and end-users [74]. 

Why is it important?  

When the infrastructure is in place and energy is available nearby, low-income households 
are faced with demanding questions of affordability. The availability of technology supply to 
rural households cannot guarantee universal energy access [7]. However, financing that 
constitutes the main factor could help poor people to reach modern energy service by 
paying the first cost and energy usage cost [11]. 

 Technical   

What is this dimension? 

It means the selected (or available) technology solutions to provide universal access to 
modern energy services. Existing programmes supplied electricity to the poor by: on-grid, 
isolated off-grid and mini-grid. As for increasing the access to clean cooking facilitates, 
options are liquefied petroleum gas (LPG), biogas, and advanced cook stoves.  

Why is it important?  

Expansion of energy services to the poor is influenced by the appropriateness of technology 
solutions. There is no doubt that the energy needs of users have to be prioritized and to 
identify the best solutions and technologies to meet them. The selection of a practical 
approach depends on the combined consideration of local needs, energy resource, existing 
institutions and capacities for the intervention. 

 Environmental  

What is this dimension? 

From the sustainable livelihoods development point of view, the environmental dimension 
corresponds to the natural asset deriving from: land, forests, marine/wild resources, water, 
air quality, erosion protection, waste assimilation, storm protection, biodiversity degree and 
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rate of change [71]. In another words, environmental concerns involve a wide variety of 
biodiversity, natural resource and pollution issues. 

Why is it important?  

In this dimension, especially, natural resource plays a vital role to those who derive all or 
part of their livelihoods from resource-based activity, such as farming, fishing, gathering in 
forests, mineral extraction, etc [71]. On the other hand, we depend for our health and well-
being upon the continued functioning of complex ecosystem. 

Clearly, the relationship between environmental soundness and energy interventions is 
particularly close. The production, distribution and use of energy create pressures on the 
environment in the household, workplace and city, and at the national, regional and global 
level. The environmental impacts can depend greatly on how energy is produced and used, 
the fuel mix, the structure of the energy systems and related energy regulatory actions and 
pricing structures [75]. 

Energy approaches could affect the environment in a variety of ways. Interventions of 
expanding access to clean energy are mainly based on renewable energy technologies, so to 
a great context these interventions contribute positively to the environment. In developing 
countries and rural areas, energy use puts great pressure on the rural environment and 
ecology. The transformation of rural society and higher living standards will spur much 
higher rural energy use, and thus even more GHG emissions. A high proportion of 
commercial resources, especially coal, have caused severe environment problems due to 
waste and air pollution. With respect to other solid fuels, biomass collection could lead to 
land degradation.  

3.2. Criteria Selection  

Moving from the five dimensions discussion to focus on the assessment tool, this section is 
to set and assign well-defined criteria. In this section, a set of criteria will be generated to 
enhance the meaning and operability of the collected principles and lessons from GEAKB 
and a literature review (see Appendix 2). Criteria can help to organized and transmit existing 
information, identify gaps and knowledge, and structure the gathering of new information to 
feedback into EEAI framework [76].  

A number of criteria have been suggested in the past for energy access, but it is not 
sufficient that a greater number of criteria will be helpful to measure and report energy 
access [69]. On the contrary, the evaluation and assessment processes are simplified and 
made more operational if a set of relevant criteria are employed. Likewise, there may be 
overlaps and redundancy in a criteria system, such as job creation and social benefit of the 
intervention.  

Thus, generally, the set of criteria contained in this study are designed to be easy to 
understand, specific and flexible enough to be adapted to the various interventions. In the 
meantime, with the purpose of applying the concept of “Best Practice” as a useful and 
robust tool for measuring energy access interventions, more demanding and subjective 
criteria may be required. Preferably, a “best practice” should be one that contributes to or 
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“scores” on all the relevant dimensions, taking into account a trade-off between the 
dimensions.  

Particular criteria will be presented and discussed in the following context, in an attempt to 
generalize common but multidimensional criteria for tracking and evaluating energy access 
interventions. Summarized criteria are shown as follows.  

Table 2 Criteria Sheet in Five Dimensions 

Dimension  Criteria 
Social  Contribution to social progress/benefit in local community 

and region from an intervention  
Contribution to job creation and local productive activities 
Significant positive public attitude to the intervention, such 
as social acceptance. 

Political Intervention is implemented under a enabling and 
supportive policy environment with specific and sustained 
energy targets 
Involved rural energy institution or equivalent has been 
mandated, has appropriate resources and shows progress 
on improved access of the intervention 
Widespread external recognition of transparent and 
accountable processes used by all stakeholders in the 
intervention  

Financial National/regional government budget and private sector 
investments exist in the financing sources of the 
intervention  
High proportion of combination of end-user financing 
mechanism corresponding to local appropriate financing 
options 
Sustainable financing structure with necessary subsidies and 
tariffs to ensure full cost recovery for the delivered service 
to make the provision viable in the long term  

Technical Using high efficient technologies to facilitate cleaner energy 
access 
The selected technology in the intervention is mature and 
achieve widespread adoption 
High possibility of the intervention being scaled up and 
replicated for other countries/regions 

Environmental Protecting and sustaining local ecosystem with minimal 
stress and impact 
Reduce a significant quantity of GHG emission 
Have minimal negative impact on air, land and water quality 

 

3.3. Indicators Selection  

Though criteria refer to the “Best Practice” concept are created, the multi criteria analysis 
calls for clearly defined indicators that contribute to an improved basis for analysis regarding 
evaluation and assessment of expanding energy access interventions. The purpose of 
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indicators is to assist decision-makers on policy making and action. Indicators describe 
specific evidence about a criterion and can be measured by verifiers [77]. Additionally, 
indicators of performance allow progress towards and success in providing adequate access. 
This section will define energy indicators used in the evaluation of expanding energy access 
interventions which meet the proposed criteria. The indicators here are selected to be 
included in the proposed EEAI framework and are designed to fulfil the proposed criteria 
above.  

 Social  

Increasing energy access interventions leads to the livelihood improvement of the poor in 
terms of fuel savings, health, education, and access to information. Less visible impacts are 
livelihoods and income, etc. Therefore, this study serves to illustrate three indicators of the 
social dimension: social benefit, Job creation, and social acceptance. 

Social benefit is introduced to represent the progress of meeting social needs in local regions. 
These interventions target for rural households without enough modern energy access for 
basic human needs. The livelihood of rural poor could be improved through enhancing 
energy access interventions. Specifically, electrification program can overcome these 
limitations to get adequate illumination, more access to telecommunications and have 
refrigeration. Additionally, the access to information, communication and health care is 
facilitated by the powering of computers and phones [78].  It is likely to help women and 
children benefit directly from these improvements, for example, providing lights to study or 
read, with educational and leisure time benefits. By making use of clean energy or modern 
energy services, health issues will be improved from reduction of air pollution.   

Lack of electricity limits work opportunities and productivity, as without electricity it is only 
possible to use the simplest tools and appliances. Meanwhile, these expanding energy 
access interventions can create more jobs for local inhabitants, that is, energy interventions 
can employ many people during their life cycle, such as construction and operation. This 
positive contribution is beneficial for improving the living quality of rural households. 
Furthermore, access to modern energy services supports enterprise development and 
estimate local productive activities.  

Many rural electrification programmes, both successful and unsuccessful, indicate that the 
extent to which the community and end-users can influence the formulation of the 
programmes has a direct attitude on the success of the programmes [79] [62]. Social 
acceptance is used to enhance consensus among social partners. It expresses the overview 
of opinions related to energy systems by the local population regarding the hypothesized 
realization of the projects under review from the consumer point of view [80]. From the 
reply of the questionnaire will be discussed later, the importance of the community level 
(such as the Barefoot College5 ) is highlighted. Particularly, the voices from the community 

                                                           
5 Barefoot College is a non-governmental organization that has been providing basic services 
and solutions to problems in rural communities with the objective of making them self-
sufficient and sustainable [161].  
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level need to be considered during the process of demystify technology and decentralise 
decision making [81]. The technology must be managed, controlled and owned by the rural 
poor globally to be accepted as a best practice. 

 Political  

Most attempts to strength the political dimension related to improving energy access focus 
on policy formation, adoption, and implementation. Three key indicators are summarized 
below: energy access targets, local energy institutions, and transparent and accountable 
multi-stakeholder process. 

A clear and adequate statement of enhancing energy access would provide a much needed 
political prioritisation. For public policy to play a role in accelerating universal access to 
energy services, direction must come from a strategy or goal for energy [7]. In addition, such 
a target is inherently political, and yet essential for further economic and social 
development. That is, such a target would help to catalyse the requisite political momentum 
and associated support activities. 

Secondly, increasing access to modern energy services need to be delivered and reflected 
through a wide range of institutions and agencies that facilitate actions. There is a need for 
effective institutional structures that exhibit a high degree of operating autonomy and 
accountability, strong management, and dynamic leadership with capacity to motivate the 
train staff [82].  

A broad engagement and strong coordination with disclosure and transparency in multi-
stakeholder process for energy access interventions to become effective and successful.  The 
information contributes to knowledge sharing for further study, and dissemination and 
promotion of the practice [9]. Each stakeholder should be able to contribute to expanding 
energy access in an open, transparent and identifiable manner while at the same time being 
accountable for their commitments to the initiative. In formulating and agreeing on 
institutional arrangements for stakeholder efforts. Another transparency issue is each “Best” 
energy access intervention should be subjected to a “social audit” where the community of 
beneficiaries are aware of how much money has been spent on the project and whether the 
impact they have claimed is actually true [83].  

 Financial  

Specially designed financing mechanisms and business models could promote the 
improvement of energy access. The indicators in this dimension will be divided into three 
themes: co-financing with public and private sources, end-user financing and sustainable 
financing mechanism.  

The importance of commitment of national, regional governments to provide modern 
energy services as a basic right cannot be overemphasized. Meanwhile, the rural areas 
(targets areas) are normally less economically developed. Therefore, there is a need for 
government to start up the seed financing, for example through national or local 
governments supplying capital investments to launch projects to provide energy access to 
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residents. There is also a common understanding in the literature that higher private sector 
participation6 is a crucial part of the solution in attracting finance to the energy sector [79].  

End-user finance7 is required to overcome the barrier of the initial capital cost of gaining 
access to modern energy access. At this end-user level, a combination of funding and 
financing mechanisms refers to have locally appropriate financing options, micro-credit, 
productive applications of energy and providing start-up and working capital loans for 
technology suppliers and service providers [62]. In developing countries, because of a lack of 
access to modern energy services, low income households typically spend a large portion of 
their income on energy. Likewise, these people often pay more in absolute terms per unit of 
available energy [75]. Hence, end-user finance plays an essential role in increasing energy 
affordability for low-income households, such as have the ability to purchase energy 
appliances and services. 

Sustainable financing mechanisms could be reflected by the provision of modern energy 
service to the poor in affordable perspective. In other words, the household is able to use 
the appliances by paying usage cost in a long-term [62]. Thus, it is spurred to take full 
account of variable tariff and subsidy structures. They should be carefully designed and 
considered for the ability of the users to pay as well as the operational expense of the 
system.  Some “good” pilot projects imply cost recovery would determine the long-term 
effectiveness of rural electrification programmes [79]. Furthermore, motivated local 
stakeholders of energy access projects and programmes could also keep the efforts more 
sustainable.  

 Technical  

This dimension requires three factors corresponding technology: technology efficiency, 
technology maturity and capacity of scale-up and replicability.  

In some developing countries, the savings for energy efficiency could make access to 
modern energy services available to those who lack of it [84]. In a view of technology 
efficiency, the selected (or available) technologies have to be tailored to local resources and 
demand. Furthermore, technology efficiency here is not just about energy conversion rate, 
but also the need for technologies to be locally adapted and provide the required services to 
local households. Clearly, energy-efficient technologies are often economically attractive for 
investors and users.  

A wide availability of energy access appliances is a good indicator of market development, 
including users’ demand for energy access equipment. Widespread technologies that 
penetrate major markets can be cost competitive without any incentives [85]. 

                                                           
6 Private sector financing sources for energy access investments include international banks, local 
banks and microfinance institutions, as well as international and domestic project developers, 
concessionaires and contractors [1].  
7 End-user is defined as any individual, household, business, or other consumer and an energy product 
or service. “End-user finance” is money borrowed by these consumers to pay for energy products or 
service [157].  
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Scale-up and replicability represent the capacity of intervention to mobilize and apply 
knowledge locally and globally. Interventions can be “scaled up”, meaning how they can be 
expanded, adapted to new or different contexts. In this study, scale-up uses the same 
process (or similar) to reach more beneficiaries in the same geographic location. However, 
programme replicating signifies the programme expands to a different geographic location. 
Likewise, replicability encourages regional exchange of “good practices” and assists them to 
be promoted and disseminated. 

 Environmental  

In this study, with limited available data from GEAKB, the environmental indicators taken 
into account are the ones that are easiest to track and monitor. The indicators are divided 
into three: (i) ecosystem stress, (ii) greenhouse gas emission, and (iii) air, land and water 
quality. 

Priority issues include stress on ecosystems, where interventions of enhancing access to 
energy have direct impacts on local environment. The non-energy access areas may possibly 
have better but more fragile local ecosystems since there are fewer heavy plants. So when 
adopting energy access efforts, minimize negative impacts is needed. It should be a measure 
about environmental friendliness and impact of these interventions on the environment. 

The emission of atmospheric greenhouse gas (GHG) emissions is central to the debate about 
whether humankind is changing the climate for the worse. The global nature of GHG 
emissions puts pressures on all the countries to reduce their GHG emissions to address 
climate change, corresponding to different obligations between developing and non-
developing countries [86]. Compared with other two indicators on environmental dimension, 
GHG emission reduction is more likely to be expressed as a measureable figure. As a key 
factor, many cases from GEAKB mentioned the benefits they contribute to the environment 
by reducing GHG emission [87] [88] [89]. 

Air quality concerns mainly air pollutants, including sulphur oxides, nitrogen oxides, carbon 
monoxide and particulates. These pollutants can damage human health, leading to 
respiratory problems, cancers, etc. They can also lead to damage to aquatic and terrestrial 
environments (water and land damage), in particular through the impact of acid rain, so that 
water and land quality represent another indicator in the environmental dimension. Land is 
more than just physical space and surface topography, it is in key factor of natural resource, 
consisting of water and soil. Land is essential for food production, timber production, 
providing habitat for diverse plant, and animal communities, etc. Most energy access 
projects occupy some land, which may affect the landscape and result in land degradation 
and acidification that affect the quality of water and agricultural productivity. 

This section represents diverse forms of qualitative and quantitative indicators. Quantitative 
indicators are used to measure things that have numerical information, such as GHG 
emission reduction and employment creation. However, qualitative indicators are mainly for 
determining level of progress towards a specific goal, their findings from case studies are 
more about viewpoints rather than numbers. Take an example, it is quite difficult to score 
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social acceptance. Therefore, the indicators here are based on value judgment sometimes, 
i.e. they are qualitative.  

Scaling  

Regarding the scaling of indicators, the Likert scale8 operates according to interval five levels: 
0 = very poor, 1 = poor, 2 = fair, 3 = good, and 4 = very good [90]. That means each indicator 
receives a score of 0 to 4, where 0 indicates very poor conditions and 4 means strong 
evidence of enabling conditions to expanding access to modern energy service. Meanwhile, 
each level of o specific indicator has its detailed description. The details are given in the 
Appendix 6. 

3.4. Constraints and Assumptions  

For SE4ALL, a consideration of the wider context and constraints within which energy access 
initiatives is pursued. Thus, a number of assumptions and constraints surrounding energy 
access issues need to be identified. The adoption of criteria and indicators can be 
constrained by energy carriers, implementation level and target areas. The framework is 
constrained by the following factors.  

Energy services categories 

The lack of access to electricity and modern clean cooking solutions are the two main facets 
of energy poverty that we address in the present study. From a general review of the energy 
access literature, much research has been devoted to tackling energy access in electrification 
projects and the provision of modern cooking solutions. Little attention has been paid to 
other categories, for instance, the report of UNDP emphasizes the role of mechanical power 
in expanding energy access [91]. Similarly, Nygaard [92] gives deeper insights to the concept 
of multifunctional platform for rural energy access, which enhances the technical outputs of 
the device and its potential positive impacts However, the material available in the GEAKB 
refers mainly to electrification and modern cooking solutions. Therefore, to simplify the 
study, mechanical power will not be taken into consideration. In other words, the whole 
study will be a measurement of access to electricity and cooking solutions. 

Hence, in this study that achieving universal modern energy access should be implemented 
in two paths: access to electricity and access to modern cooking solutions.  

Implementation level 

Following the description from Sustainable Energy For All, the levels of expanding access to 
energy implementation are from global to regional and then to national [72]. 
Correspondingly in the present study, the research will be implemented first at the non-
Chinese level from different countries, and then apply the tool to China, to clarify and make 
robust the concept of “Best Practice”. Some specific national indicators will not be taken into 
consideration on account of the global implementation level research. 

Targeted Areas 

                                                           
8 See http://en.wikipedia.org/wiki/Likert_scale 

http://en.wikipedia.org/wiki/Likert_scale
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In developing countries, access to electricity in rural areas is considerably lower than in 
urban areas [5] [8] [9]. In the meantime, there is a large gap between access to modern fuels 
in rural and urban areas of developing countries [5]. In view of these realities, the present 
research focuses on energy access in rural areas. 

Regarded as the starting point of a comprehensive knowledge, current situation of energy 
access can provide references to intervention planning, for instance, technology selection. 
Due to the multi-tier nature of energy access, in particular involving the application of the 
“Best Practice” concept, it is essential to estimate the baseline of access to energy services 
before the evaluation of expanding energy access interventions.  

The Global Tracking Framework report [9] proposes a candidate metric (the multi-tier metric) 
for tracking access, which embraces the appreciation of interventions to appropriately track 
progress toward universal energy access across countries. Following the multi-tier categories, 
the target group in this paper is classified into: “tier-0” rural household without access to 
electricity and self-made cookstoves (these stoves are also can be three-stone stove or 
inexpensive “traditional” cookstove). The needs of this kind of group should be given top 
priority.  

With regard to energy needs, the preferences of users should be also recognised and 
assessed. Different needs levels of energy service access are illustrated in the Figure 1 which 
suggests that basic human needs should be satisfied first. The UN Secretary General’s 
Advisory Group on Energy and Climate Change (AGECC) approach illustrates that access is 
often an incremental process starting with focus on servicing basic human needs, but needs 
to move further to create a self-sustaining process based on local economic development 
[93]. The basic human need is highlighted as a main assumption in this study.  

3.5. Information Collection 

The findings presented in this thesis are mainly based on analysing the information from the 
GNESD Energy Access Knowledge Base (GEAKB). The GEAKB includes information about 
policies, projects or programmes which have led to enhancement of access to energy 
services for poor households, communities or small-scale businesses. It is hence a collection 
of cases where the demand for specific energy services in the poor population has been met 
through provision of sustainable and clean energy solutions [94].  

The GEAKB developed by UNEP Risø Centre9 is an operational knowledge platform sharing 
energy access cases with a significant number of high quality real cases that illustrate 
successful implementation.  All the cases supplied from the GNESD 10 members follow a 
predefined template with quantitative and qualitative parts. The quantitative part takes 
account of facts, figures, and other project information, such as type, budget, donor, 
technical capacities, etc. Thus, information can be extracted from these searchable variables 

                                                           
9 UNEP Risø Centre (URC) is a leading international research and advisory institution on energy, 
climate and sustainable development. As a United Nations Environment Programme (UNEP) 
Collaborating Centre, URC is an integral part of UNEP’s Division of Technology, Industry and 
Economics (DTIE) and an active participant in both the planning and implementation of UNEP’s 
Climate Change Strategy and Energy Programme [160]. 
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which are presented in Table 3 and Table 6 in the following chapters. As for qualitative 
parameters, the GEAKB template consists of objectives, outputs, and analysing about 
barriers, successes, failures, lessons learnt, etc. In this part, the message delivered is to 
policy makers and other database target groups, which gives them a quick and simple 
overview of the intervention by highlighting what can be learnt from them, and explain the 
reasons that led to success [79]. Most of the information contributes to the case studies in 
the next chapters are from these qualitative parameters. 

Though GEAKB has the goal is to keep all information in the database transparent and 
verifiable, required data for these case studies are not adequate enough in GEAKB. In order 
to generate reliable and useful results, the case studies must have a solid base in valid and 
consistent statistical data.  Generally, the missing-data problem is partly solved by related 
references and further reading materials suggested by GEAKB. Especially, in the dimension 
of environment, most of the cases in GEAKB do not have enough information about the 
stated indicators. Thus, the measurements of this part have to rely on estimations to a 
certain extent.  

To investigate the feasibility of theoretical “Best Practice” framework, an experimental test 
of how it works in practice, it is applied to three cases from the GEAKB.  
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4. Operational level of “Best Practice” of Expanding Energy 

Access Interventions 
This section presents a stylised analysis of the proposed framework for addressing 
expanding energy access interventions. First, the multi criteria decision analysis is elaborated 
and the results of the analysis are then discussed.  

4.1. Multi Criteria Decision Analysis 

Questionnaire  

To identify the different viewpoints on expanding energy access intervention among experts 
from various fields, a questionnaire was designed and administrated. The questionnaire was 
sent out on 22nd July by e-mail, it was designed to take about 10 to 15 minutes to complete. 
It aimed to collect a wide range of the experts’ opinions on the “Best Practice” concept of 
expanding energy access. In particular, experts were asked to express their views on the 
relative importance of the criteria by assigning weights for 15 criteria among five dimensions. 
They were asked to make comments on the criteria and questionnaire.  

Specialists were selected from three groups: GEAKB contacts, KTH Energy and Climate Unit 
(ECS) and UNEP Risø Centre. The list of expert participants is presented in Appendix 3. In the 
questionnaire, the weights need to incorporate information concerning the relative 
importance of the criteria. A weighting score for each criterion was applied on a scale of 1 
(very insignificant) to 5 (very significant). Thus, individual weight for each criterion was 
arrived at through the questionnaire replies. By using the weighting average, this study was 
able to obtain a set of weights for each criterion. 

However, in terms of the formulation of weightings for five dimensions, the prioritization of 
five dimensions is beyond the scope of the current study. Thence, the five dimensions are 
assumed to be equally important in the multi criteria decision analysis. 

4.2. Algorithm   

In order to present an evaluation of the expanding energy access interventions, a number of 
options featuring some of the characteristics measured by the selected indicators are taken 
into consideration. The proposed indicators are defined in order to verify their rating under 
specific scales and to obtain the generalised index of expanding energy access of all 
interventions. The relevant indicators used in the analysis will be defined and used in the 
assessment of expanding energy access interventions which meet the corresponding criteria. 

The multi criteria decision analysis here is intended to demonstrate the potential analysis of 
the complex concept in terms of “Best Practice”. Using this method, an attempt is made to 
take account of the quantifiable and dynamic characteristics of the “Best Practice” concept 
that are difficult to compare directly. Additionally, the method may be used to allow 
multiple decision makers, stakeholders and other partners to contribute to the decision 
making process related to expanding energy access interventions. Planning for interventions 
involving multiple and competing outputs and stakeholders requires a collaborative effort 
[95]. Therefore, the approach of quantifying and displaying trade-offs is introduced to make 
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this decision making process simpler and more tractable. From the pentagon model above, 
Best Practice for expanding energy access intervention (EEAI) is represented by a 
mathematical function in five dimensions, derived from a balanced and simplified pentagon, 
see Figure 9: 

𝑬𝑬𝑨𝑰 = (𝑺𝒐𝒄𝒊𝒂𝒍,𝑭𝒊𝒏𝒂𝒏𝒄𝒊𝒂𝒍,𝑷𝒐𝒍𝒊𝒕𝒊𝒄𝒂𝒍,𝑻𝒆𝒄𝒉𝒏𝒊𝒄𝒂𝒍,𝑬𝒏𝒗𝒊𝒓𝒐𝒏𝒎𝒆𝒏𝒕𝒂𝒍)                 Equation 1 

As has been shown, it is difficult to conduct a trade-off analysis among conflicting objectives 
(social, political, financial, technical and environmental dimensions). Multi-criteria decision 
analysis (MCDA) provides a method to overcome the difficulty and complexity.  

MCDA is an operational evaluation and decision support approach that is suitable for 
addressing complex problems featuring high uncertainty, conflicting objectives, different 
forms of data and information, multi interests and perspectives, and the accounting for 
complex and evolving biophysical and socio-economic systems. Traditional single-criteria 
approaches have a main drawback in that physical and socio-economic conditions of 
viewpoint and technology users are overlooked [96]. For this reason, some forms of multi 
criteria conceptualisation and frameworks have been widely applied to energy supply, 
sustainable energy decision-making, and energy technologies selection [96] [97] [98] [28] [8] 
[80]. Compared with single criteria approach, the characteristic advantage of MCDA is to 
employ multi-criteria or attributes to obtain an integrated result [80]. 

Generally, the MCDA method for expanding energy access interventions involves 
𝑘 interventions evaluated on 𝑖 dimensions, 𝑖 = 1, … ,5, (1 indicates social, 2 political, 3 
financial, 4 technical and 5 environmental) . Each dimension has 𝑗 indicators, 𝑗 = 1, … ,3, 
thus, the score of each indicator is defined as 𝑆𝑖𝑗. In the case of ideal scenario, 𝑆𝑟𝑒𝑓 is 
defined as the ideal score of each criterion (𝑆𝑟𝑒𝑓=4).  Following this, a weighting vector 𝑊𝑖𝑗  
represents the computed weights  𝑊 (calculated from questionnaire) with respect to the 
corresponding indicators. The grouped decision matrix can be expressed as follows: 

𝑫𝒊𝒎𝒆𝒏𝒔𝒊𝒐𝒏𝒔   𝑫𝟏 𝑫𝟐 …𝑫𝒊 

𝑰𝒏𝒅𝒊𝒄𝒂𝒕𝒐𝒓𝒔   𝑺𝟏𝟏 𝑺𝟏𝟐  …   𝑺𝒊𝒋                                    Equation 2 

𝑾𝒆𝒊𝒈𝒉𝒕𝒔   𝑾𝟏𝟏𝑾𝟏𝟐 … 𝑾𝒊𝒋     

In the meantime, 𝑃𝑖𝑗   represents the performance of each indicator 𝑗 that is computed by 
weight 𝑊𝑖𝑗  composes with respect to the values of each indicator 𝑆𝑖𝑗. Meanwhile, vector 𝑃𝑖 
is defined as the sum of 𝑃𝑖𝑗  , and parameterised for each particular dimension 𝑖. This general 
indices method comprises the formation of an aggregative function with the weighted 
arithmetic mean as the synthesizing function defined as: 

𝑷𝒊 = ∑ 𝑷𝒊𝒋𝟑
𝒋=𝟏 = ∑ 𝑺𝒊𝒋𝑾𝒊𝒋

𝟑
𝒊=𝟏                               Equation 3  

Then, the dimensional performance factor 𝑋𝑖 is the sum of 𝑃𝑖 divided into  𝑃𝑟𝑒𝑓,𝑖  in ideal 
scenario (with same weight 𝑊𝑖𝑗  but ideal score for each indicator 𝑗). An equation has been 
devised to calculate the extent to which expanding access to energy performs through the 
interventions. 



30 
 

𝑋𝑖 (𝐼𝑚) illustrates the effect that various expanding energy access interventions may have 
on each of the five dimensions (𝑋𝑖 (𝐼𝑚),𝑖 = 1, … ,5). 

𝑿𝒊(𝑰𝒎) =
∑ 𝑷𝒊𝟑
𝒋=𝟏 (𝑰𝒎)

∑ 𝑷𝒓𝒆𝒇,𝒊
𝟑
𝒋=𝟏 (𝑰𝒎) , (𝒊 = 𝟏, … ,𝟓;𝒎 = 𝟏, …𝒌)         Equation 4 

The equation above shows the extent of development that can be achieved when an 
expanding energy access intervention is implemented. 𝑋𝑖 (𝐼𝑚)  takes values in the 
interval  (0,1) , where 𝑋𝑖 (𝐼𝑚)  represents the performance of the 𝑚 -th energy access 
intervention (𝐼𝑚,𝑚 = 1, … ,𝑘) on dimension 𝑖 (“0” is for the strongest negative effect or 
outcome of the energy access interventions 𝑚 on dimension 𝑖, and “1” indicates the largest 
positive effect on the dimension) .The metric evaluates every relevant dimension by 
establishing the distance from the vertices to the centre of the expanding energy access 
intervention pentagon. 

Therefore, according to the designed metric, a low value of 𝑋𝑖 (𝐼𝑚) (near to zero) for 
dimension 𝑖 expresses that this part of the intervention is poorly developed, e.g. social 
conditions are not really improved by the intervention. It is assumed here that dimension 
performance reaches the theoretical maximum (i.e., 𝑋𝑖 equal to one) means it reaches the 
“Ideal” (see Figure 9). 

 

Figure 9 The Pentagon of An Ideal Expanding Energy Access Intervention 

In terms of integrating with the "Best Practice" concept, the current section defined a 
discrete multi criteria function. The matrix [𝑋(𝐼)]𝑘×𝑖  resulting from multiplying the vectors 𝑋 
by 𝐼, represents a multi criteria decision making matrix. This is to say, the matrix results from 
evaluating the performance of an expanding energy access intervention 𝐼 (composed of 
𝑘 intervention alternatives) on the dimensions vector 𝑋𝑖 (corresponding to five dimensions).  

To seek one effective solution, the discrete multi criteria method, Compromise Programming 
(CP) is considered because of the inherent conflict of multiple objectives in the solution. CP 
is used to measure the gap between the estimated effects of different expanding energy 
access interventions with respect to five dimensions, and to identify a pentagon that is the 
largest and most-symmetric of all [96] [99]. The concept is that, once the ideal point is 
defined, the best-compromise solution is the nearest solution with respect to the ideal [100].  
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Compromise Programming (CP) is used here to measure the distance between pentagons 
through 𝐷𝑝-metric functions. As for other multi-criteria approaches, such as AHP (Analytical 
Hierarchy Process), it has been used to select and assess renewable energy technologies 
successfully [98] [101]. But it would not be able to represent the gap between the ideal 
pentagon and those generated by the impact of energy options on the different dimensions. 
This gap between pentagons is one of the key features of CP method and the “Best Practice” 
is calculated as follows [99]:  

 𝐌𝐢𝐧 �𝑫𝒑(𝑰𝒎) = �∑ 𝑾𝒊
𝒑 �𝑿𝒊,𝒓𝒆𝒇−𝑿𝒊

(𝑰𝒎)
𝑿𝒊,𝒓𝒆𝒇−𝑿𝒊,𝒎𝒊𝒏

�
𝒑

𝟓
𝒊=𝟏 �

𝟏 𝒑�
,𝒎 = 𝟏, … ,𝒌;𝟏 ≤ 𝒑 ≤ ∞� Equation 5 

where 𝐷𝑝(𝐼𝑚) is the gap between the ideal pentagon and the value resulting from modelling 
the implementation of the 𝑚 -th expanding energy access interventions (𝐼𝑚 ); 𝑋𝑖 (𝐼𝑚) 
indicates the evaluation results of intervention 𝑚 with respect to dimension 𝑖 ; 𝑋𝑖,𝑟𝑒𝑓 is the 
ideal value of dimension 𝑖 (𝑋𝑖,𝑟𝑒𝑓 = 1); 𝑋𝑖,𝑚𝑖𝑛 is the lowest value given to dimension 𝑖 
(𝑋𝑖,𝑚𝑖𝑛 = 0); 𝑊𝑖 is the weight of relative importance assigned to dimension 𝑖; and 𝑝 is a 
distance parameter that reflects the attitude of decision-maker regarding compensation 
between deviations in the pentagons. Hereby, for 𝑝 = 2, all deviations from 𝑋𝑖,𝑟𝑒𝑓 are taken 
into account in direct proportion to their magnitudes meaning that there is full (weighted) 
compensation between deviations. 

The weights for different dimensions will be concerned as equivalent, namely, the 
importance of these dimensions are equal in this study. They are used to reflect the trade-
offs with respect to improvements in each of the five dimensions. In other words, the 
weights for each dimension will be assigned as 20% as a result of five dimensions in total. 

Equation 5 aims to minimise the distance (𝐷𝑝) between the ideal pentagon and the ones 
resulting from real interventions. The objective is to find a compromise expanding energy 
access intervention that would best improve the dimensions’ performances (represented 
by  𝑋𝑖 , 𝑖 = 1, … ,5 ). Regarding the pentagons, it is expected that the most suitable 
intervention will also produce the largest pentagon.  

In summary, the proposed approach seeks to select the intervention that produces the 
shortest distance 𝐷𝑝(𝐼𝑚) between the practical and the ideal pentagon. The intervention of 
expanding energy access that is associated with the shortest distance from the ideal 
pentagon is more likely to be labelled “Best Practice”. Equation 5 minimises the weighted 
aggregation function of distances between the values of all the five expanding energy access 
dimensions and the ideal value of each dimension (i.e., 𝑋𝑖,𝑟𝑒𝑓 = 1). 

4.3. Case Studies  

To more fully understand the “Best Practice” concept associated with expanding energy 
access interventions, it is necessary to illustrate the usefulness of the concept through case 
studies. As outlined, the objectives of the thesis are to develop the “Best Practice” concept 
at a theoretical level and to investigate and consider the applicability and usefulness of the 
concept in characterising and evaluating expanding energy access interventions (EEAI). The 
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proposed framework is tested in case studies concerning GEAKB, located in Brazil and South 
Africa. 

Case Selection  

The proposed framework has not been used so far in the reporting and characterisation of 
energy access interventions in Brail or South Africa. This is consistent with the aim of the 
present study which was to develop a new framework for characterising interventions. This 
is consistent with the aim of the present study which was to develop a new framework for 
characterising interventions. In order to provide a comprehensive test of the framework 
with the designed constraints and assumptions, multiple parameters are taken into account 
and three cases are chosen for the purpose. Specifically, the selection of these three cases is 
based on different technologies, energy types, energy services and implementing 
approaches. Thus, this chapter draws on three expanding energy access intervention: Energy 
access programme in Brazil: “Lighting for all” (LPT) [102] , Capturing carbon cash through 
bioethanol gel stoves (UGS) [87] and Off-grid Solar Homer System programme South Africa 
(SASHS) [103]. The following chart portrays the basic information about the selected cases. 
Moreover, detailed descriptions of particular cases are shown in Appendix 7. 

Table 3 Case Information of LPT, UGS and SASHS 

Name Energy Access 
programme in Brazil: " 
Lighting for all " (LPT) 

Capturing carbon Cash 
through Bioethanol Gel 
Stoves (UGS) 

Off-grid Solar Home 
System programme South 
Africa (SASHS) 

Implementer Federal Government; 
Ministry of Mines and 
Energy; Eletrobrás; 
electric power 
concessionaires and 
rural electrification co-
operatives. 

Local government- 
Umdoni Municipality 
Community 
Development; Project 
proponent-PACE; Project 
Developer-PPT; 
Voluntary Carbon 
Registry. 

KwaZulu Energy Services 
(KES); Nuon RAPS Utility 
(Pty) Ltd; Solar vision (Pty) 
Ltd; Ilitha Cooperative; 
Summer Sun Trading (Pty) 
Ltd; and Shine the Way cc. 

Technology Grid Electricity Gel Stoves Solar PV 
Energy Type  Unspecified grid 

electricity 
Bioethanol  Solar 

Sector Household Household  Energy supply 
Service Electricity  Cooking  Electricity  
Grid National grid N/A N/A 
Targeted Area Rural, Peri-urban  Rural Rural  
Geographical 
scope  

National Local National 

Project Status  Completed project  On-going project Operational project  
Project Start 2003 2008 1999 
Project End 2011 2018 N/A 
Implementing 
approach 

Public  NGO Public private partnership  

Funding Type Grant Grant Donation Grant  
Budget(Euro) >100,000 >100,000 N/A 

Source: [102] [87] [103] 
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As assumed in the previous section, the investigation of energy need level before an 
expanding energy access intervention plays a key role in tracking and measurement.  It is to 
be noted that resulting from the gap between interventions’ occurrence, the energy needs 
has been studied before these interventions started. Therefore, LPT, UGS and SASHS select 
the survey year of 2002, 2007 and 1999, respectively. Cleary, in term of the energy service 
needs, these interventions are implemented under different modern energy services and 
different scales.  Taking this limitation into account, comprehensive information should be 
collected from the target groups of interventions. Mainly, selected interventions were aimed 
at providing rural, poor, no-electrified households for electricity [102] [103]or modern 
energy cooking solution [87]. 

Bringing the analysis to the case level, as a well-documented intervention, the Lighting for all 
(LPT) programme targeted families with no access to electricity in rural area as its target 
group. Before the LPT programme, rural electrification rate in Brazil remained at 0.73 [104]. 
As for regional level, the electric power exclusion in the year of 2000, shows in North region 
as per defined in the macro-region division of Brazil is mostly lack of access to electricity [29].  
Additionally, the HDI values indicated the social condition of who lived without electric 
power. 

In the case of UGS (Umdoni Gel Stoves) in South Africa, the Umdoni Municipal area consists 
of mostly poor, rural communities. Half of these communities are grid –connected to Eskom 
(the South African electricity utility), and half are not. In light of this situation in Umdoni, the 
initial group numbered 1000 in 2008 and this has grown to about 4000 in 2012 [87].  

The SASHS (Off-grid Solar Home System Programme South Africa), in turn, intended to send 
electricity to rural, non-electrified households with access to solar home systems for lighting 
and other basic electrical needs [103]. In 1999, the rural electrification ratio in South Africa 
was 0.49 [105]. 

 

Source: [106] 

Figure 10 Electric Exclusion Rate and Human Development Rate in Brazil in 2000 
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In general, the target groups of these interventions were basically under the basic human 
needs level during the beginnings. Since an in-depth understanding of energy access has 
conducted above, case studies should be carried out with respect to the proposed 
framework. This analysis is based on the findings and conclusion of GEAKB. Further details 
on the individual case outcomes may be found in the discussion and Appendix 8. 

Results of Case Studies 

In these case studies, each dimension was represented by a number of indicators and each 
indicator is scored on a scale of 0 to 4. Five dimensions are retained and relevant indicators 
for each dimension are identified. Then, the framework is applied to three interventions 
from GEAKB. The weights for each indicator were arrival through the questionnaire involving 
a number of specialists. 

To assess these expanding energy access interventions in relation to the proposed 
framework, all the score corresponding to different indicators utilizes information from 
GEAKB. Following the methodological frame laid out in section 2, Table 4 summarizes the 
results of the applications of the proposed criteria on the LPT, UGS and SASHS programmes.  

Each intervention is evaluated under a set of indicators with respect to five dimensions. The 
results in such issues in the following section need to be investigated case by case.  

Table 4 “Best Practice” Concept of Expanding Energy Access Intervention Framework for 
Three Selected Cases 

Sub-
section  

Indicator LPT UGS SASHS 

S1 Social progress/benefit in local community and 
region from an intervention  

4 2 2 

S2 Contribution to local productive activities/job 
creation  

4 3 3 

S3 Public attitude to the intervention 4 4 3 

P1 Political environment and energy targets  4 3 3 

P2 Effective local energy institution or equivalent  4 4 2 

P3 Transparent and accountable multi-stakeholder 
process utilized in current policy formulation  

4 2 1 

F1 Co-financing  structure  4 4 2 
F2 Proportion of combination of end-user financing 3 3 2 

F3 Sustainable financing mechanism   4 3 1 

T1 Technology efficiency  3 3 2 

T2 Technology maturity  4 3 2 

T3 Technology replicability and scaling-up  3 4 3 

E1 Ecological stress 2 2 2 

E2  Greenhouse Gas(GHG) emission  2 4 2 

E3 Air, land and water quality  4 3 2 
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Based on all the indicators and dimensions, evidences to the computed scores are given by 
the ranking annex of Appendix 8. 

The impacts of these interventions have obviously been indicated in the shape of following 
pentagons. Each angle refers to each relevant performances of the intervention among five 
dimensions: social, political, financial, technical, and environmental respectively. To picture 
the impacts evidently, the values of 𝑿𝒊 (𝑰𝒎) calculated from Equation 4 are plotted in Figure 
11. 

In the language of proposed “Best Practice” expanding energy access intervention 
framework, Light for All (LPT) programme has an outstanding contribution to rural 
households. It meets most of the ideal scenario defined in the framework (𝑿𝒊 (𝑰𝒎) close to 
1), particular with notable outcomes of social and political dimensions. To some extent, this 
project has some unsolved problems or unavailable information related to the 
environmental capacity (environmental dimension has the lowest score 0.68 among five 
dimensions of LPT).  

Apart from LPT project, two more interventions were both implemented in South Africa but 
within different scale, energy type, technology, etc. (see Table 3). By contrast, UG 
programme’s performances create a more symmetrical pentagon. It illustrates that UGS 
were developed balanced among five dimensions. In terms of dimensional performances, 
UGS has better outputs from political, financial, and technical and environmental, but 
slightly less developed in social dimension compared with LPT programme. However, the 
off-grid solar home system was poorly developed with lower scores for most of the 
dimensions. 

The framework provides the possibility of evaluating the performances of selected cases as a 
comprehensive understanding, not just from the pentagon model, but also from the specific 
indicators. Especially in some cases with poor developments among these five dimensions, it 
is noteworthy to find out what the barriers in a specific intervention aims to provision of 
modern energy service to rural poor.  

In the UGS program, the utilization of efficient wood stoves was decided by community 
meetings and discussions. Although UGS programme was bowed to the community’s 
preference, uncertain targets on social progress make the programme does not improve the 
livelihoods to a certain high level. The outputs in UGS programme are relatively reduce 
greenhouse gas emissions, poverty alleviation and improve health and safety to reflect some 
certain social progress and may improve livelihoods.  In terms of political perspective, 
relevant policies (i.e. Free Basic Alternative Energy Policy) are regarded as well-implemented 
energy poverty alleviation policies [87]. But these energy-access-related policies do not have 
explicit and specific targets for the communities. It is mentioned in GEAKB, the project aims 
to provide poor communities with at least some access to modern energy service.   
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Interventions Social Political Financial Technical Environmental 

LPT 1.00 1.00 0.84 0.84 0.75 
UGS 0.74 0.75 0.75 0.83 0.74 
SASHS 0.66 0.51 0.41 0.58 0.50 
Figure 11 The Pentagons of Expanding Energy Access Interventions for Three Selected 
Cases (LGT, UGS And SASHS) 

Likewise, there have been some problems with the methodologies used for the calculation 
of the greenhouse gas reductions. Specifically, the audits have identified some gaps in the 
monitoring of gel fuel being delivered compared to the gel fuel being supplied by the 
municipality. This unsolved problem leads to low performance in transparent and 
accountable multi stakeholder process. As for another weakness of UGS programme, the 
seven litres of bioethanol gel per household per month does not provide a completely 
sustainable supply for the communities which since it only provide fuel for seven days per 
month.  

Regarding the SASHS programme, lacks of a transparent and accountable process (in 
indicator P3) is the main barrier for the partnerships between multi-skakeholders. For this 
reason, some information is unavailable for further evaluation and assessment. Other main 
problem in this programme is: severe cutbacks in the funding available for subsidizing new 
systems and delays in awarding new tenders [103]. In other words, political and financial 
shortcomings have meant that this intervention did not achieve the expected targets. What 
is more, the outputs on the rest of dimensions are affected by these two dimensions.  

The discussion has focused on expanding energy access intervention, some of the lessons 
that might be learned not only for identifying the barriers, but also for the dissemination for 
“Best Practice” concept.  

In return, in the successful programme “Lighting for All”, results from Figure 11 further 
indicate that the social situation in Brazil Amazon has been greatly improved. Firstly, 
concerning electricity provision, there is the ambition to increase income and promote the 
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social inclusion of the benefited communities [29]. MME (Ministry of Mines and Energy ), 
cooperated with other ministries such as the Ministry of Agrarian Development, and 
Ministry of Social Development and Fight against Hunger and the Ministries of Education, 
Health and Science and Technology, with the purpose of promoting social and productive 
uses of electricity [107]. Meanwhile, the Human Development Index (HDI) is used by the 
Brazilian government for monitoring and planning development, including electricity 
connection. For example, sending electricity is expected to facilitate social programmes 
related to health services, education, water supply and sanitation among others which 
strongly affect the HDI improvement. Overall, therefore, the well-planned target, and tie up 
with monitoring and evaluating process can deliver higher performance of the intervention 
to poor, rural households. 

Considering the success of the achievement from Brazilian experience, the recognition of the 
role that electricity access can play in achieving development goals has been important for 
mobilization of political will and definition of policies to promote electrification. What is 
more, the strong linkage between policy and local communities within well-defined planning 
and monitoring tools (HDI here) is central to the accomplishment of electrification policies. 
An outcome of effective local energy institutions shows that the electrification policies have 
been transformed into the institutional and legal framework in the intervention.  

An additional positive impact on LPT, is that the financing source include not just only 
national budget from Federal Government and State governments, but also from executor 
agents. The supply of electric power provides good evidence with regard to subsidies and 
tariff. A performance-based, price-capped and multi-year tariff is used to achieve a high 
quality, reliability and universal service. Tariffs in general are relatively high compared to 
many other countries. Particularly, in some regions, a tariff named Electric Power Social 
Tariff is provided for rural householders with a large discount. As can be seen, the financing 
structure of LPT was sustained to deliver service to make the provision viable in a long term.   

Compared with the listed achievements in social, political and financial dimensions, technical 
and environmental dimensions have relatively less information that can be tracked. 
According to the given details, different technologies were selected on the basis of the local 
energy resource. Additional factor contributes to the environmental acquisition by using 
renewable energy technologies with high efficiency is, the quantity of greenhouse gases 
emission reduction is considerable. Moreover, characterized by a very sensitive eco-system, 
thus, the stress could be driven largely by implementing electrification interventions in 
Amazon. 

A thorough understanding of “Best Practice” in the context of expanding energy access 
intervention is required, implying a comparative analysis-compromise programming-will is 
worthwhile. In the pentagon model, the distance (𝐷𝑃) between pentagons suggests the 
shortest as the most suitable one for the framework. Additionally, score 𝐷 is used to rescale 
the distances to provide an alternative way of representing the results [96]. 0 is equal to the 
largest distance and 1 shows the shortest distance. 
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Table 5 Intervention Performances Integrate with the Concept of Best Practice (LPT, UGS 
And SASHS) 

 
Interventions 
 

Compromise 
Programming 
Dp 

Score of 
interventions 
D 

LPT 0.15 1 
UGS 0.24 0.72 
SASHS 0.47 0 

 

The outcomes in Table 5 represent the scores obtained by each intervention after applying 
the CP approach. Under the pentagon scheme, as a result of the closeness between 
interventions’ performances and ideal pentagon development, a compromise expanding 
energy access intervention with minimal value of 𝐷𝑃  is considered as the best. Furthermore, 
the higher score 𝐷, the more likely an intervention will promote “Best Practice” concept. 
Hence, with the high value of 𝐷 in the LPT programme, it can be concluded that this 
programme is more likely to called “Best Practice” of expanding energy access in this section. 
With regard to UGS project, it has less chance of reaching “ideal” compared with LPT. SASHS 
project, in the meantime, exhibits a significant gap between its outputs and the ideal 
scenario. 

The highest score of 𝐷 indicates that LPT provide the most outstanding results related to 
“Best Practice” context, which is borne out by several well-documented literature. In the 
review of Brazil rural electrification programme, Maria Gómez and Semida Silverira claim 
that the outstanding achievement makes Brazil the leader of universal electricity access in 
Latin America [108]. Moreover, based on Ministry of Mines and Energy, the LPT programme 
provides much more than the possibility to turn the light on, it is one of the greatest 
programmes on social inclusion existing in the world [106].  These findings align with the 
results yielded from the proposed framework in this study.  

Hence, the framework provides a way to develop a full picture of how an energy access 
intervention, taking into account the interconnection, variation, and dynamism among 
different dimensions. There are however limitations inherent in the framework, such as 
inexact and incomplete information that lead to unavoidable assumptions in the scoring of 
several indicators. Hence, further study need to gather more information to conduct the 
analyses in a concrete manner. 
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5. Optimal level of “Best Practice” of Expanding Energy Access 

Interventions 
After an empirical test of the framework, taking into account these limitations and 
opportunities, the concept of Best Practice of expanding energy access intervention is in its 
early stage. To form an attitude toward the reinforcing the developed concept, there is a 
need to adopt the existing concept in a new alternative scope, including creating 
comprehensive and integrated solutions. Particularly, after the first section of case studies, 
more information will be collected from related references to enhance the usefulness of this 
study. Therefore, the purpose of this chapter is to describe a model of optimal “Best Practice” 
concept within case studies on another scale. With specific emphasis on sending electricity 
to towns (SDDX) programme in rural areas of western China, this concept study is to make 
the framework robust and provide more valuable results. 

5.1. Case studies 

Case Selection and Energy Needs Analysis 

The selection of case studies had to fulfil the general aim for the creation of a multi-
dimensional framework to foster the provision of energy access. Furthermore, results of 
each case demonstrate the understanding of EEAI framework integrated with their 
individual characteristics. 

The greatest challenges in expanding energy access in China faced in the rural areas of 
Western China. Three rural cases were selected from GEAKB, although only one Chinese 
case was available at the time of writing. The available Chinese case was supplemented with 
two cases from Bangladesh and Nepal, respectively, selected on the basis of their locations 
(see Figure 12). Meanwhile, taking different technology, service, geographical scope etc. into 
consideration, three cases studies are expect to present a good balance of similarities and 
differences, allowing both comparative and contrasting observation to be made. They are: 
Sending electricity to towns (SDDX), Biomass Briquetting Technology: Domestic and Small 
Industrial (BBDS), and Micro-Hydro Village Electrification in Nepal (MHVE).  

Though the achieved Chinese electrification rate was as high as 99% in 2002, as mentioned 
as above, there were a large number of people live in remote rural areas without electricity 
supply. When it comes to Nepal, it was at comparatively lower electrification rate before the 
Micro Hydro Village Electrification programme (national electricity rate was 0.259) [109]. 
Then, the data of BBDS in Bangladesh are not available entirely. However, both 
electrification programmes were focused on the remote rural households which were 
unlikely to receive electricity in the foreseeable future. In return, the target groups in BBDS 
programme in Bangladesh were mainly entrepreneurs (to develop the briquetting package) 
and users (household and small businesses such as brick kilns, rice mill, etc). Generally, the 
energy services needs are in the level of basic human needs of these three cases.  
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Table 6 Case Information of SDDX, BBDS, and MHVE 

Name Sending Electricity to 
Towns(SDDX)  

Biomass Briquetting 
Technology: Domestic 
and Small Industrial 
(BBDS) 

Micro-Hydro Village 
Electrification in Nepal 
(MHVE) 

Implementer National Development 
and Reform 
Commission ( NDRC ) 

Khulna University of 
Engineering and 
Technology 
(KUET),Bangladesh 
Institute of Technology 
(BIT- Khulna), and the 
Department of 
Mechanical 
Engineering of BIT 

The Government of 
Nepal through the 
financial assistance of 
International 
Development 
Association (IDA) of the 
World Bank. 

Technology Small hydro power / 
hybrid power stations 

Fuel efficient charcoal 
stove 

Small/Pico-hydro 
power 

Energy Type  Off-grid electricity    Agricultural residue 
Forest residue 

Micro Hydro (5-100 
kW) 

Sector Household  Household 
Commercial 

Energy supply 
Hospital 
Household 
Commercial 

Service Electricity  Cooking 
Heating 
Productive uses 

Communication 
Electricity 
Lighting 

Grid N/A N/A N/A 
Targeted Area Rural households, small 

commercial 
Rural Rural  

Geographical scope  Local (Western China) Regional National  
Project Status  Completed project Completed project  Completed project 
Project Start 2002 1997 2003 
Project End 2005 2004 2009 
Implementing 
approach 

Public and private 
partnership 

Public private 
partnership 

Public private 
partnership 

Funding Type National bond  Grant  Grant 
Budget(Euro) >100,000 20-39,000 >100,000 

Source: [110] [88] [89] 

A comparative analysis of some essential features of three cases is shown Table 6. All the 
information covered in the following table is supplied from GEAKB.   

Sending Electricity to Towns (Song Dian Dao Xiang)  

The Sending Electricity to Towns (National Township Electrification programme/Song Dian 
Dao Xiang) project was designed with an objective of providing Renewable energy-based 
electricity to rural remote areas. Since the end of 2002, the SDDX project was launched by 
National Development and Reform Commission, aiming at providing electricity to around 
200,000 households in 1,061 towns without grid connection [111]. SDDX was sited in 12 
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provinces including Gansu, Hunan, Inner Mongolia, Shaanxi, Sichuan, Yunnan, Xinjiang, 
Qinghai and Tibet.  

 

Source: Author 

Figure 12 Case Studies Atlas (SDDX in China, BBDS in Bangladesh and MHVE in Nepal) 

 

Source: [112] 

Figure 13 The Solar PV Power Station of The SDDX Programme in Tibet 

The total investment amounted to RMB 4.7 billion of which 2.96 billion were funded by 
central state loans and the rest were from local governments [113]. It was one of the largest 
rural electrification projects in the world that combined small hydro, solar PV and wind 
power technologies. During 3 years period between 2002 and 2004, 275 MV small 
hydropower systems were installed in more than 300 townships [114].  

Biomass Briquetting Technology: Domestic and Small Industrial (BBDS) 

To enhance the operating life of screws and reduce energy consumption, the project in 
Bangladesh developed a package (briquette machine and stove) and built local capacity to 
design and construct the system. As the most popular densification approach fit for small-
scale applications in developing countries, heated-die screw-press briquetting machine have 
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technical and operational problems: high electrical energy consumption and limited screw 
life.  

 

Source: [88] 

Figure 14  Improved Briquetting Machine with Diesel Engine in Bangladesh 

This was the background for the “Renewable Energy Technologies in Asia” program, funded 
by Swedish International Development Cooperation Agency (Sida) and coordinated by the 
Asian countries during 1996-2003 [115]. Under the RETs in Asia programme, Khulna 
University of Engineering and Technology (KUET) designed an improved and cost-effective 
briquetting package [116]. BBDS also proved that rice husk residue can be a good alternative 
raw material for cooking after conversion into briquettes [117].  With the improvements 
achieved in the briquetting technology, briquettes have become more cost effective than 
fuel wood, building a briquetting industry in other Asian countries. 

Micro-Hydro Village Electrification in Nepal (MHVE) 

Regarded as the most effective component of Nepal Power Development Project (NPDP) , 
the Micro hydro Village Electrification in Nepal (MHVE) has achieved and distributed more 
than 250 units to 50,000 households in less than ten years, despite immense technical, 
economic, political, and social challenges [118].   

 

Sources: [89] [119] 

Figure 15 Micro Hydro Power Houses in Nepal 

The project was carried out as part of national strategy through the Rural Energy 
Development Programme (REDP) that was funded by the Government of Nepal and 



43 
 

multilateral donors containing the World Bank [120]. The micro-hydro system provided 
continuous electricity to end users in close proximity.  MHVE helped to foster the electricity 
access through renewable energy sources in rural areas in the remote villages of Nepal and 
the project is considered as a great success in meeting the even surpassing targets [89]. 

Thence, the case studies employed in the framework are clearly diverse in terms of 
enhancing the provision of access to modern energy services issues, scales, aims, and 
stakeholders.  

Results of Case studies  

Moving on, the following outcomes represent the scores obtained by each case after 
applying the framework under a set of scales (see Appendix 6). To construct in-depth case 
studies, this section compares cases through each dimension across each indicator in the 
framework. The social, political, financial, technological, and environmental factors behind 
the achievements or barriers of the case study programmes or projects were analysed and 
the findings integrated into the “Best Practice” context. By highlighting specifics, the 
considerations regarding each indicator are listed and analysed. Each case study was carried 
out through a review of the literature. In this way, scores of case studies are based on 
various references. After reviewing each score on each indicator, dimensional discussions 
could be generated by composing all the review considerations. Numerical assessments for 
the scores are according to the scale in Appendix 6 and details are represented in Table 7 to 
Table 21. 

The analyses of individual indicators were conducted through the following aspects: social, 
political, financial, technological, and environmental. The observations of comparative 
analyses between three cases were centred on Sending Electricity to Towns programme 
(SDDX) in China. The findings are intended to illustrate how the concept "Best Practice" on 
expanding energy access can be applied to each intervention.  

A set of indicators for “measuring” expanding energy access interventions is applied in each 
case. 

Social  

 Social progress/benefit in local community and region from an intervention (S1) 

Table 7 Scores of Indicator S1 in Three Cases 

Case Score Evidence Sources 
SDDX 4 More electricity access provides better electric facilities for local 

production and households, including lighting, cooking, irrigation, 
agricultural product processing, etc. 

[110] 

BBDS 3 Indirect reference can reflect the social progress from BBDS: income 
generation, environmental progress, economical contribution, etc. 

[88] 

MHVE 4 The whole project fosters the improvement of income, health, gender 
equity, and help rural households received more access to education, 
information, etc. 

[89] 
[119] 
[118] 
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It should be noted that the initiatives of these projects were fuelled not just by the need for 
basic energy services, but also for reducing poverty.  In the case of China, poverty remains a 
serious concern, particularly in the more rural western provinces. Therefore, as part of 
Brightness programme, “Township Electrification Programme” aimed at reducing poverty 
and socioeconomic disparities through economic growth by providing electricity access. The 
added social, public health and overall quality of life improvements served as added benefits 
of improving electricity access [121]. Specifically, due to the poor natural conditions and out-
of-the-way locations, lack of water resource is the biggest barrier for poverty reduction in 
the rural areas of western China. SDDX significantly improved electricity infrastructure for 
irrigation systems to meet the electricity demand. It was an important contribution to 
accelerate the modernization locally [113]. In the case of MHVE programme, the hundreds 
of micro-hydro units installed under the scheme provided not only lighting but also 
“mechanical energy for milling, husking, grinding, carpentry, spinning, and pump irrigation 
that have paid off in higher local incomes [118].” 

Likewise, the SDDX project improved the livelihoods of local residents, taking an example of 
the high-effective lighting save the cost of candles. By diffusing TV services, SDDX also 
addressed the intrinsically basic problem of rural communication, helped rural inhabitants 
get access to media information through television. For this reason, an expanding access 
intervention deserved to be called “very good” in this indicator should be concerned as 
achieving co-benefit: improving the quality of life, income, equality and provide more 
opportunities to education, information, etc. 

 Contribution to local productive activities/job creation (S2) 

Table 8 Scores of Indicator S2 in Three Cases 

Case Score Evidence Sources 
SDDX 4 One of key features is: SDDX created local employment, i.e. more local 

technicians were trained and employment was created; The awareness 
and skills were improved through the project. Technical capacities 
established helped PV manufacturers found their opportunities and 
market here; In terms of some regions have tourism and mining 
resources, the scale-up of local productive activities highly depends on 
the development of power stations. 

[110] 
[111] 

BBDS 4 The programme improved the generation of rural employment; The 
activities related to briquette-production have contributed to instituting a 
small industrial and service sector in Bangladesh.  Due to local fabrication, 
the technology offered business opportunities for small entrepreneurs in 
rural Bangladesh; The employment generated due to production and use 
of densified biofuel is calculated as 3.73 man/day for producing each ton 
of densified biofuel. 

[88] 
[117] 
[116] 
 

MHVE 4 Directly created jobs from the project, and stimulated the employments 
on manufacturing and engineering of micro hydro units; MHVE 
empowered communities to learn new skills and undertake new jobs; 
With the provision of lighting, local residents could have more time to 
study and work, in short they can live a more productive life. 

[119] 
[118] 
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Three cases give good evidence about creating high employment. An expanding energy 
access intervention qualified as “very good” in employment, should not just stimulate 
employments by carrying out the project, but also create new labour trend by means of the 
intervention indirectly. As signified in the review of Micro hydro electrification and climate 
change adaptation in Nepal [119]: MHVE helped create more opportunities itself, such as 
four to five full-time jobs for operations, maintenance, and tariff collection per community 
are associated with each plant. Meanwhile, direct impact frequently coexists with indirect 
job creation to rural households.  Residents can learn new skills (by training) and undertake 
new jobs, thus, some interrelated local productive activities were mobilized. For instance, 
BBDS created additional employments in areas such as the pre-processing of vegetables and 
fresh fruits [122]. When it is noticed, SDDX expanded this advantage to the global scope: 
market opportunities increased considerably between Chinese and international companies 
by RE technologies commercialization [123].    

Especially, the electrification programmes (such as SDDX and MHVE) provided electricity to 
run light bulbs and fulfil agro processing needs, both manual and electric [119].  Within 
efforts on local communities, more and more residents are participated in cash economy of 
trade goods and benefited from the projects, as a result of enhance livelihood opportunities 
of the poor. 

 Social acceptance of the intervention by local society (S3) 

Table 9 Scores of Indicator S3 in Three Cases 

As far as is social acceptance is concerned, an intervention for expanding energy access 
could be the one positivity welcomed by local inhabitants. Public attitudes and acceptance 
can be considered as a “prerequisite” for public infrastructure such as the large scale and 
micro- generation renewable energy projects [125]. Taking users’ expectations into 
consideration, successful programmes here are more likely to establish a good relationship 
between a technology and its users.  Achieving a high level of social acceptance of an 
expanding energy access intervention involves recognizing and interpreting the preferences 
and needs of rural households. Engaging local residents into the policy making process 
contributes to intervention promotion and sustaining programme in a long term. Moreover, 
having raised awareness of energy technologies can be supportive for the implementation.   

 

Case Score Evidence Sources 
SDDX 4 SDDX was characterized as a poverty reduction project that brings 

lightning to residents and was warmly welcomed by the users. 
[111] 

BBDS 4 With technology getting mature there was growing acceptance of 
briquettes as replacement for fuel wood in the residential and the small 
and cottage industries sector, especially in the food processing business; 
more than 400 biomass briquettes stoves were distributed to a local 
village community where the stoves became very popular.  

[88] 
[124] 

MHVE 4 The MHVE required that communities wishing to build micro-hydro 
facilities donate land for the construction of canals, penstocks, power 
houses, and distribution lines voluntarily. Furthermore, villagers were 
required to contribute land and labour for civil works related to micro-
hydro units. 

[89] 
[118] 
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Political 

 Political environment and targets (P1) 

Table 10 Scores of Indicator P1 in Three Cases 

Case Score Evidence Sources 

SDDX 4 The programme was launched in 2001 with a goal of establishing 1,061 
village power systems. In November, the central government assigned 
programmes to regional governments, and in 2002 five national public 
tenders were conducted to select system integrators; Central 
government, NDRC was the primary responsible and together with 
Ministry of Finance committed the political and financial support to 
SDDX; The related law was published in 1995, named “Electric Power 
Law”, providing some renewable energy project guidelines to SDDX. 

[110] 
[11] 
[126] 
 

BBDS 1 The whole project (apparently) lacked supportive government policies. 
No information was provided in section “Supplied Policies and 
Institutional Environment” on GEAKB). 

[88] 
[116] 

MHVE 4 At the central level, Rural Energy Development Boards (REDB) and 
Management Committee (MC) were created for coordinating activities 
with government line agencies; At the local government level, District 
Energy Committee ensured collaboration with all related agencies in 
districts for integrating planning and management of rural energy 
development initiatives; At the grassroots level, the establishment of 
community organizations (COs) provided the rural community with a 
platform to launch development activities concerning them; Creation of 
functional groups (FGs) with representatives from different ethnic group 
ensures equitable participation from all levels. 

[89] 

In no-energy access areas, political willingness is regarded as the starting point for launching 
the expanding energy access interventions.  Though the experiences of SDDX and MHVE 
were executed both in a broad-scale, they were underpinned by government targets and 
priorities that informed rigorous progress.  SDDX had ambitious government commitment, 
because it was wholly initiated and funded by the Chinese Government to using renewable 
energy generation in village power systems. 

Accordingly, many efforts were undertaken by the Chinese government to address issue of 
insufficient electricity supply to remote rural areas in Western China. The National 
Development and Reform Commission (NDRC) under the State Council played a key role of 
formulating the Chinese energy policy and climate policy. In the policy formulation of the 
SDDX programme, NDRC was responsible for initiating and formulating the “Township 
Electrification Programme” to develop rural western provinces in pursuit of sustainable 
energy development.  

Even so, BBDS did not received sufficient policy support from government at the local level.  
The lack of political leadership and enabling policy architecture may have contributed to the 
ineffectiveness during implementation. 
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 Effective local energy institution or equivalent (P2) 

Table 11 Scores of Indicator P2 in Three Cases 

Case Score Evidence Sources 

SDDX 2 The UNDP funded programme “Capacity Building for the Rapid 
Commercialization of Renewable Energy in China” contributed a lot to 
SDDX; The bidding process made five nationwide public tenders were 
conducted to select system integrators (fifteen companies) to design, 
procure and install systems; For implementation, SDDX was running 
smoothly and O&M are both DRC of each provincial Development and 
Reform Commissions and system integrator; New institutions and 
companies were established and local provincial agencies investment pay 
for training centres and institutional developments; Unclear responsible 
institutions for the managements of the stations, therefore it is urgent to 
appoint ownership of power stations.  Secondly, there was a lack of 
awareness of regulatory framework.  

[110] 
[116] 
[65] 
[113]  
[123] 
[126] 

BBDS 2 The project was part of 'Renewable Energy Technologies in Asia: A 
Regional Research and Dissemination programme' funded by Swedish 
International Development Cooperation Agency (Sida) and coordinated 
by the Asian Institute of Technology (AIT); The project had poor co-
ordination among the various agencies involved (government agencies, 
R&D institutions, entrepreneurs, and users) 

[88] 
[116] 

MHVE 3 The NPDP had three primary components: creation of a Power 
Development Fund (PDF), the MHVE, and transmission and distribution 
improvements to the national Nepal Electricity Authority (NEA) grid. The 
PDF financed private sector development of small and medium sized 
hydro schemes, mostly grid connected. The MHVE component 
overlooked off-grid micro-hydro schemes below 100kW in installed 
capacity. NEA component focused on rehabilitating and extending the 
national transmission and distribution network. REDP was supported for 
creating a comprehensive institutional arrangement from top to bottom 
level; Some complaint from responders showed unsatisfactory 
institutional capacity.  

[89] 
[118] 

Multi-level institutions’ participants from central to grassroots are highlighted in MHVE and 
SDDX programmes. The evidence shows that local institutions play an important role in the 
achievement of expanding energy access interventions. Though three cases all had a relative 
comprehensive institutional structure with diverse institutes, agencies, and centres 
involvement, the roles and responsibilities of these institutions or equivalent were not clear. 
This problem leaded to the barrier in SDDX that the ownership of power stations was 
questionable. Most of the provinces have not defined the ownership in the construction 
stage. The programme cannot transfer to owners and the construction companies, many 
entities are unwilling to take responsibility for operation and maintenance. It caused 
problems in daily management, equipment replacements and repairs, etc. Capacity buildings 
shall be more extended as widely as much to the local population. 

In Bangladesh, inadequate capacity building of stakeholders impacted the performance of 
BBDS project. It was observed that BBDS has poor coordination between various agencies 
involved in the intervention.  

 Transparent and accountable multi-stakeholder process utilized in current policy 
formulation (P3) 
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Table 12 Scores of Indicator P3 in Three Cases 

Case Score Evidence Sources 

SDDX 2 Tender was conducted to select project developers to ensure wide and 
transparent participation. The very initial data regarding the PV power 
station installation were collected and provide a very preliminary 
foundation for current non-electrification database establishment; ERI 
conducted a baseline survey of the SDDX programme to develop a 
database for evaluation and assessment of current performance; The 
con of SDDX process, indicates that Township electrification 
programme lack accountability in some extend, need to be more 
systematic and transparent.  

[110] 
[65] 
[127] 
[11] 

BBDS 3 Experimental results and design details were also shared between AIT, 
KUET and other institutions participating in the programme; Briquetting 
machine owners, operators and potential investors were encouraged 
examine these systems. KUET organized a series of events such as 
seminars, workshops and exhibitions with the aim of disseminating the 
improved biomass briquetting technology targeting participants, 
namely, briquetting machine owners and operators, technicians, and 
teachers of engineering institutes. 

[124] 
[88] 

MHVE 4 To improve accountability, the programme was formally 
institutionalized at the lowest level of governance and local groups like 
Village Development Committees, COs, and FGs, who met regularly 
(monthly) to maintain and manage each plant.  At the village level, 
gender-based COs ensured that women felt free to participate in micro-
hydro decisions. National line agencies and the donors also had a 
significant role to play by developing guidelines and setting standards. 
The requirement of the scheme to undergo environmental impact 
assessments also helped to maintain a certain standard. By displaying 
details of cash flows and purchase amounts open to public scrutiny, the 
programme ensured transparency and offered better options for 
monitoring and evaluation. 

[89] 

MHVE achieved high performance in this indictor, showing that each stakeholder should be 
able to engage in expanding energy access in a transparent and accountable manner. Under 
a robust and transparent framework, all the players can be able to see how they contribute 
to the overall objective. In terms of monitoring and evaluation, the national, regional or local 
targets should be monitored and evaluated under transparent mechanisms, in order to 
verify the implementation, ensure accountability and track progress.  

Financial  

 National/regional government budget and private sector investments evidence (F1) 

SDDX and MHVE programmes succeeded in incorporating public and private funding.  
Government and public funding provide a valuable starting point for financing the 
intervention. Private sector involvements encouraged the development of projects. 
Considering the example of the SDDX programme, three different financing schemes were 
applied to different provinces. The level of social and economic development in each of the 
eleven provinces determined the level of funding granted by the central government: For 
Tibet AR, the central government covered the entire costs of the implementation of the 
Programme. For Qinghai Province, the central government covered 80% of the cost of the 
implementation of the Programme and the provincial government covered the remaining 



49 
 

20%. For the remaining provinces, the central government covered 50% of the cost of the 
implementation of the Programme and the provincial governments covered the other 50%. 

Table 13 Scores of Indicator F1 in Three Cases 

Furthermore, other innovative financing options can be through the pro-poor, public-private 
partnership model. Public and Private Partnership (PPP) in financing, especially the 
importance of private sector should be emphasised [1].  

 Proportion of combination of end-user financing mechanism (F2) 

Table 14 Scores of Indicator F2 in Three Cases 

Case Score Evidences Sources 
SDDX 3 Financing support to investors through direct investment subsidies or 

low-interest loans; establishing energy service companies to overcome 
high initial investment costs of off-grid power for small rural 
communities. 

[11] 

BBDS 3 The briquetting technology can also institute micro-enterprise 
opportunities including production, packaging, transporting and selling 
of equipment and products (briquettes).   

[88] 

MHVE 3 Financial support from International Development Association (IDA) of 
the World Bank as a microfinance institution; The communities were 
also assisted to mobilize financial resources in the form of grants, loans 
and investment from local authorities, such as District Development 
Committee (DDC) and Village Development Committee (VDC), 
government line agencies and development banks. The CMF has 
successfully created a revolving national fund that provides much 
needed resources for community development. Since it mostly gives low 
interest loans rather than grants, it is replenished each year as projects 
pay back into the scheme.  

[89] 
[118] 

All these three cases represented a proportion of locally appropriate financing options 
including local use of micro-credit, productive applications of energy and providing start-up 
and working capital loans for technology suppliers and service providers.  Most of the people 
without modern energy access also lack access to finance. Since households have the ability 

Case Score Evidence Sources 
SDDX 4 Government and public funding playing a very important role due to the 

weak financial capability in such rural areas; SDDX convenes large 
government and public funding as a start; Existing national and local 
funds were used where possible, SDDX programme was able to mobilize 
initial capital from national and local funds for co-financing; The project 
has different provincial financing schemes. 

[110] 
[11] 
[78] 
 
 

BBDS 1 The project was part of 'Renewable Energy Technologies in Asia: A 
Regional Research and Dissemination programme' funded by Swedish 
International Development Cooperation Agency (Sida) and coordinated 
by the Asian Institute of Technology (AIT); Private investment is static. 

[88] 

MHVE 4 The World Bank funding through IDA for the project was US$ 75.6 
million during 2004-2009 with a grant of US$ 5.5 million for MVHE 
component only; the remaining was covered through cash and labour 
counterpart provided by participating communities and the 
Government of Nepal; Contribution from UNDP, local banks and 
borrowers and local communities resulted in the total project budget of 
US$ 133.4 million.  

[89] 
[120] 
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to purchase energy appliances and services, this improvement brings well-being and health 
benefits, reduces their energy expenditures, and improves livelihoods. 

 Sustainable financing structure (F3) 

Table 15 Scores of Indicator F3 in Three Cases 

Case Score Evidences Sources 
SDDX 3 Small hydropower technology made the successful commercial 

operation and realized the self-financing due to its lower cost and 
technology advantages; The tariff could totally pay back the 
investment;  Subsidies, preferential tax rate and tariff rules were 
developed and adopted to incentivize RE development in China. Tariff-
based payback was the normal way; The tariff was subsidized by 
central and local government to ensure the electric access by the 
poor; The running, maintenance and equipment updating for all of PV 
and Wind/PV hybrid systems require sufficient financing support but 
the fact is that financing support has not been confirmed because of 
the uncertain ownership of power stations.  

[113] 
[110] 
[78] 

BBDS 4 With a benefit cost ratio10 of 1.21 (electric system) and 1.45 (diesel 
system) and a short payback period (less than one year), the 
briquetting system demonstrated a viable business model. The 
financial analysis of the improved briquetting system showed a 
payback period of less than one year; It was observed that the number 
of briquetting machines in operation in Bangladesh earlier was about 
900, which increased to 2,000 in the year 2002, with the introduction 
of improved technology and better profitability. 

[116]  
[88] 
[124] 
 
 

MHVE 3 IDA granted US $ 5.5 million in 2003 and US$ 3.8 million in 2008 for 
MHVE, covering most of the costs, and the remaining was covered 
through cash and labour counterpart provided by participating 
communities and the Government of Nepal; One of the economic 
barriers referred to encompasses tariff collection; tariffs were set too 
high and too low caused by lack of household metering equipment. 

[89] 
[118] 

Although the SDDX programme had large national investment and strong subsidy, there was 
still some space for improvement. For instance, the commercial operation model shall be 
further well designed to ensure the financial sustainability of local energy access. The 
unsolved problem of power units’ ownership caused insufficient revenues earmarked for 
O&M. The collection of one end-user tariff is not sufficient to cover all the costs incurred for 
O&M, replacement of components, repairs and the monthly salary of local 
technicians/operators. Thus, continued financial support from the government is 
indispensable. 

In terms of BBDS project, the financial achievement benefited from technical improvements 
of the design and fabrication methods. With the packages developed, the price to produce 
rice husk briquettes was very competitive with the cost of fuel wood.  

Technical  

 Technology efficiency (T1) 

                                                           
10 Best cost ratio takes into account the amount of monetary gain realized by performing a project 
versus the amount it costs to execute the project [164] 
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Table 16 Scores of Indicator T1 in Three Cases 

Case Score Evidence Sources 
SDDX 3 Different renewable energy technologies were installed off grid in such 

areas, and small hydropower presented the most economic 
applicability in areas with rich small hydropower resources, PV and 
small wind power present the prominent technical applicability and 
cost reduction potential. 

[110] 

BBDS 4 BBDS has remarkable accomplishment on efficient utilization of energy 
resources.  The project in Bangladesh developed an energy efficient 
and cost-effective briquetting package (briquette machine and stove) 
and built local capacity to design and fabricate the systems. The screw 
life increased from 3 (without hard facing) or 6 hours (with 
conventional hard-facing electrodes) to (up to) 22 hours per run. The 
briquetting machine could be operated continuously (3 shifts) before it 
requires a screw replacement, compared to one shift earlier. The 
briquette-fuelled stove thereby replaced electrical coil heaters for die 
heating, resulting in 25% reduction in the total electricity consumption. 

[124] 
[128] 
[116] 
[122] 

MHVE 2 The technical challenges include efficiency: Nepali micro hydro units 
often relied on cross flow turbines, not really designed for electricity 
generation but adapted from milling. These turbines have natural limits 
to their efficiency, operating at only 60 to 70% the efficiency of other 
designs. Besides, the system has low average load factors resulting 
from “wasted” energy reach up to 70%. Local communities did not use 
the electricity during the nights and other more advanced appliances 
beyond lighting a single lamp per household.  

[89] 
[118] 
 

The outputs from three individual cases indicate: Energy efficiency and conservation were 
improved through direct intervention of BBDS as a result of new briquetting packages.  
Additionally, in the case of MHVE, there is a need to provide training in efficient energy-use-
behaviour among residents.  

In order to improve energy efficiency, decision on technology should be based on the local 
energy source, rural people’s needs and ability to pay. The choice of technology is seen to be 
influenced by various actors and factors, namely prevailing policy and implementing 
agencies at macro level, companies at middle level and finally the household socio-economic 
characteristics at micro level. Consulting with town (or equivalent) representatives and 
stakeholders should be the first step in system design. 

 Technology maturity (T2) 

Table 17 Scores of Indicator T2 in Three Cases 

Case Score Evidence Sources 
SDDX 3 Different renewable energy technologies were installed off grid in such 

areas, and small hydropower presented the most economic applicability 
in areas with rich small hydropower resources, PV and small wind power 
present the prominent technical applicability and cost reduction 
potential; The project aimed to promote widespread adoption of RE 
technologies in China.  

[110] 
[123] 
[11] 

BBDS 3 Under the wider objective of the RETs in Asia programme to promote 
mature and nearly mature renewable technologies through adaptive 
research, demonstration, capacity building and dissemination; Many 
types of improved briquette stoves have been designed and developed, 

[88] 
[124]   
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suitable for domestic, institutional and commercial use. 
MHVE 3 The technologies involved in MHVE used low-voltage distribution 

systems and simpler designs, of which the Peltric sets, were popular 
because of their lower cost, ease of installation, light weight and 
compact design.  

[89] 
[118] 

 
The ideal mature technologies involve in expanding energy access interventions should be 
practical and optimized. To supply modern energy access to rural households, mature 
technologies could supply electricity or modern cooking solutions more effective. For 
instance, technical standards are most effective for more mature technologies by ensuring 
they perform as expected.  

 Possibility of replicability and scaling-up (T3) 

Table 18 Scores of Indicator T3 in Three Cases 

Case Score Evidence Sources 
SDDX 3 some common experiences could be replicated to other countries and 

others may not be easily copied by other countries 
[110] 

BBDS 4 To support the dissemination of briquetting technology, KUET also 
developed and distributed over 400 briquette burning domestic stoves 
to the local village community; The improved briquetting system 
developed after adaptive research was demonstrated as one of the cost 
effective ways of bringing a technology to potential users. Several 
demonstration biomass briquetting systems were set up at KUET. 
Briquetting machine owners, operators and potential investors were 
encouraged examine these systems. KUET organized a series of events 
such as seminars, workshops and exhibitions with the aim of 
disseminating the improved biomass briquetting technology targeting 
participants, namely, briquetting machine owners and operators, 
technicians, and teachers of engineering institutes. Similar systems were 
replicated in Vietnam (Institute of Energy). As a part of capacity building 
and technology transfer, KUET organized a regional training programme 
on fabricating briquetting systems for researchers from Vietnam and 
Nepal.  The training programmes helped in replication and scaling up 
the benefits through south-south collaboration in capacity building and 
technology transfer. 

[124] 
[88] 

MHVE 4 The same model was replicated to other villages and scaled up in terms 
of generation capacity, and its application to various uses and sectors. 
The implementation of MHVE was: Launched in 1996 as a pilot in five 
districts, with financial and technical assistance from UNDP, REDP was 
replicated in five additional districts in 1998. The programme scaled up 
again in 2000, adding five more districts, for a total of 15 districts.  

[89] 
[118] 
[129] 

Apparently, BBDS had advantages on technology transfer, scaling up and replication of 
intervention to other countries. However, the positive results of MHVE reflect its success on 
scale-up and replication within a broad geographic area and long period.   

Environmental  

 Ecological stress (E1) 
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Table 19 Scores of Indicator E1 in Three Cases 

Case Score Evidence Sources 
SDDX 3 Solar, hydro and wind power were adopted to provide clean electricity 

to avoid more conventional energy based power plants. Such ventures 
provide a powerful tool for meeting China’s environmental challenges; 
The adoption of new energy was significant to environment protection, 
which was a good pilot programme of environment friendly awareness. 

[123] 
[110] 
[113] 

BBDS 3 Briquettes reduce demand for fuel wood, reduced use of fuel wood and 
consequent conservation of forests.  As a biomass energy project, BBDS 
protected the environment. 

[124] 
[88] 
[122] 

MHVE 3 It has reduced environmental stress in Nepal. Micro-hydro replacement 
of biomass burning has created a trend away from deforestation and 
toward lower carbon emissions. Micro hydro plants, in contrast to large 
hydroelectric power plants that involve storage capacities and dams, 
have minimal negative environmental effects. Micro hydro units merely 
divert a small amount of water and fish are prevented from entering 
the systems. Thus, micro hydro is seen as much as an intervention that 
can respond to the disasters and risks wrought by climate changes  

[119] 
[118] 

Compared with fossil fuel based energy systems and traditional cooking solutions, RE-based 
technologies (such as Micro hydro power units and Biomass briquetting) could address the 
concern on environmental issues. Given cases drew attention to environment problems 
caused by rural energy use, provide environmental benefits. The basic contribution of the 
technology is to maintain and enhance livelihoods’ natural resource base in addressing the 
growing concern of environmental and climate change. These ecological approaches to 
achieve sustainable development are the ones to maintaining resilience and robustness of 
biological systems.  

In many cases, expanding energy access initiatives in developing countries should ensure the 
provision of energy access is as environmentally sustainable as possible.  There is a need to 
minimize the stress and disturbance in local/regional ecosystem during intervention for 
energy access. 

 Green House Gas (GHG) emission (E2) 

Table 20 Scores of Indicator E2 in Three Cases 

Case Score Evidence Sources 
SDDX 3 The programme was RE based, therefore it avoided greenhouse gas 

emission and contributed to climate change mitigation. However, the 
actual effect of the SDDX programme on reducing the total GHG 
emissions was very slight.  

[110] 
[65] 

BBDS 3 The saving of 1.81 kg of CO2 per each kg rice husk briquette fuel use 
over each kg of non-sustainable firewood. But biomass-based fuel still 
emits more CO2 compared with hydro, solar and wind power. 

[122] [88] 

MHVE 4 MHVE project emit about 3.6 kg of carbon dioxide less than their 
counterparts. That means micro-hydro units displaced nearly 10 million 
kilograms of carbon dioxide each year. In such a way, micro hydro can 
be a tool to reduce greenhouse gases emissions.  

[89] 
[118] 

 



54 
 

In line with expanding energy access in an environmental friendly manner, selected cases 
provided environmental benefits through avoiding emission, i.e. CO2, SO2, NOX, and total 
suspended particulates. 

As we all know, renewable energy-based rural electrification programme have less negative 
environmental impacts, compared to fossil fuel-based rural electrification programme. 
Energy transition from fossil fuel to renewable energy can decrease the environmental 
impacts produced by dependence on fossil fuel (especially a coal-based energy structure in 
China). However, on the basis of China scope, the environmental benefit of GHG emission 
reduction was slight. 

 Air, land and water quality (E3) 

Table 21 Scores of Indicator E3 in Three Cases 

Case Score Evidence Sources 
SDDX 3 The use of dry cell batteries can cause environmental problems; 

particularly an impact is the disposal problem of used dry cell batteries. 
It did not follow a controlled disposal procedure, inappropriate disposal 
of used dry cell batteries (toxic attributes of dry cell batteries can 
pollute ground and water)  

[65] 

BBDS 4 Generally, improved stoves incorporating a smoke removal system 
(chimney) that reduced the smoke level in the vicinity of the briquetting 
machine during the operation.  

[130] 

MHVE 4 Nepal law does not require micro- hydro schemes to undergo 
environmental impact assessments; however, specific impact 
assessments were still conducted under this programme, in accordance 
with UNDP's REDP guidelines ensuring that the residual flow in the de-
watered section of rivers was never less than 10 % of the dry season 
flow. One of the adaptation benefits of Micro hydro is the reduction of 
indoor pollution.  

[89] [118] 

The evidence gathered in China, it seems likely that the negative influence to water and land 
quality was a consequence of inappropriate disposal procedure. Biomass briquette project, 
different from Township electrification programmes, improved the air quality during 
briquetting operation. Like BBDS, MHVE improved air situation by the indoor pollution 
reduction.  

The multi criteria approach is used to calculate how well a particular expanding energy 
access intervention would perform. The discussion in this section is conducted by running 
the Compromise Programing (CP) under the set of initial weights from questionnaire.  In 
reviewing and analysing three case studies of expanding energy access, outcomes are 
modelled among five dimensions as shown in Figure 16. 

To assess the interventions on enhancing energy access in relation to five dimensions, 
dimensional performances are computed by Equation 1.  

Figure 16 compares the results of three cases, the lower value of a dimension, the poorer 
the intervention with respect to one specific dimension and vice versa.  
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Interventions Social Political Financial  Technical Environmental 
SDDX 1.00 0.68 0.83 0.75 0.68 
BBDS  0.92 0.49 0.67 0.91 0.84 
MHVE 1.00 0.92 0.83 0.74 0.91 
 

Figure 16 The Pentagon of Expanding Energy Access Interventions for Three Selected Cases 
(SDDX, BBDS and MHVE) 

The current sates of performances in SDDX programme, showing the highest development is 
its social achievements (1,00) and the lowest are political and environmental performances 
(0,68). The BBDS project yield lower values than two other cases over all dimensions but 
technical dimension. It built the highest technical performance among three cases with 0.91. 
Concerning MHVE programme in Nepal, the performances or influences on each dimensions 
are similar. 

The framework visualizes the results of three interventions by plotting three pentagons. 
Results so far indicate that the main benefits of three cases are an increase in social 
dimension. That is, these three cases have been effective in dealing with social progress, 
creating employment, and social acceptance. They boosted social capital, promoted 
mobilisation and increased well-being of rural households. On the contrary, the gaps 
between political performances of cases are significant. Notably, MHVE programme has the 
top grade among three cases, as a result of created an enabling policy environment within 
strong commitment, effective local institutions’ cooperation and active local participation. In 
the Chinese SDDX programme, it had relatively negative impact on political dimension 
mainly resulting from institutional barriers. Lack of policy supply in BBDS project, the 
political performance was poorly formed. 
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The efforts of each case on the attainment of “Best Practice” are summarized below. 
According to the results, the following table recognizes the “Best Practice” in this case 
studies. Though MHVE programme was not ideal in terms of technical aspect, it represents 
an excellent victory depend on its 𝐷𝑃 and 𝐷. Micro-Hydro Village Electrification in Nepal 
(MHVE) is found to be the “Best Practice” among other expanding energy access 
interventions. 

With a review of the literature, corresponding respondents called the MHVE component in 
the Nepal Power Development Project (NPDP) “the most successful” and “clearly the best at 
meeting and even surpassing targets” [118]. In the project profiles of IDA (International 
Development Association) homepage, MVHE project was reported as “successfully increased 
rural access to renewable energy sources and formed a solid foundation for scaling up 
impact” [131]. The information provided by these references coincides with observation 
from the analysis result in this research.  

Table 22 Interventions’ Performances Integrate with the Concept of Best Practice (LPT, 
UGS and SASHS) 

 
Interventions 
 

Compromise 
Programming 
Dp 

Score of 
interventions 
D 

SDDX 0.24 0.29 
BBDS 0.28 0 
MHVE 0.15 1 

 

5.2. Discussion  

In this section, the discussion is divided into three parts. The first part compares results and 
observations in operational and optimal concept studies. The second focuses more generally 
on what can be obtained from the five dimensions regarding the “Best Practice” concept. 
Finally, the third part presents a discussion of the strengths and weaknesses of the EEAI 
framework. To restate a note of caution, outcomes and observations are based on the 
evidences of case studies.  

Observations of Case Studies 

While calculated results above were broadly similar in case studies, LPT and MHVE 
programmes have less difference compared with the ideal scenario. In other words, both 
programmes are more likely to be called “Best Practice” with respect to expanding access to 
modern energy services. According to the existing references of these two programmes, 
relevant conclusions fit the calculated results, which reflect the accuracy of this study. 
Furthermore, the shaped pentagons of LPT and MHVE programmes signify that both two are 
well-developed in all dimensions (see Figure 11). Besides LPT and MHVE programmes, the 
interventions have lower scores (𝐷) were largely because of poor performances in one 
dimension at least. It can be seen that the “Best Practice” concept here is a trade-off among 
five dimensions.  
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The intention behind the core of the “Best Practice” concept not only recognizes but also 
strives to apply the concept on an alternative scale. When referring to energy access in this 
study, it might be defined as a conceptual transfer from an operational level to an optimal 
level. In this process, putting the ideas of “Best Practice” concept in practice represents a call 
for adaption or revision. Though increasing energy access issues are country-specific, 
collecting more and different information may help reduce uncertainty in this transfer. It is 
the reason why the case studies in Chapter 4 attempted to collect more references to 
enhance the accuracy of the results. Thus, transferring the concept to the context of China is 
to investigate whether the concept works for Chinese interventions or not. In view of the 
results of case studies, the “Best Practice” concept worked in both operational and optimal 
levels (non-Chinese context and Chinese context) within appealing outcomes. It stands for 
this “Best Practice” concept is replicable and transferable when adapt it into Chinese context. 

In terms of delivering affordable modern energy service, the cost-effectiveness analysis is an 
alternative decision-making tool for evaluating energy access intervention. It identifies the 
economically most efficient to fulfill an objective. To facilitate this ratio, direct cost is only 
considered. In other words, costs are financial: grant, financing of the interventions, etc. 
Effectiveness is measured with a single outcome which can be represented by CP results 𝐷. 
Therefore, the analyst’s wish to introduce this ratio is to integrate such a kind of 
measurement as a composite indicator. Though this ratio expresses the “Best Practice” 
concept on a least-cost basis, it could not provide valuable outcomes due to the various 
scales of interventions. This attempt might mislead policy decision making because of 
inaccurate results. Thereby the cost-effectiveness analysis was not adopted here. 

The concept here gives a clear assessment and evaluation of the interventions about 
expanding energy access from a balanced perspective. The broader scope of the framework 
provides different types of information that can hopefully increase the understanding of the 
“Best Practice” concept with a trade-off between these.  

Five Dimensional Issues 

Five dimensions are concerned in this study: social, political, financial, technical, and 
environmental. More specifically, the following details are taken into consideration on five 
dimensions to pursue “Best Practice” in this study: 

Social: in order to reduce poverty, three factors allow the energy access intervention achieve 
success in social dimension: social progress improvement, employment creation, widely 
social acceptance. 

Political: an energy access intervention is more manageable and controllable under an 
enabling political environment. Specifically, political dimension is signified by the political 
guidelines, effective institutional strategy, the level of local ownership, availability of skilled 
staff, and ability to monitor and control the system.  

Financial: enhancing sustainable access to energy requires robust financing mechanisms that 
address the specific needs of key stakeholders.  This dimension could be achieved by the 
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coexistence of private and public sector funding, and the potential of cost recovery of supply, 
capital, and operating cost burden imposed on the users.  

Technical: this dimension can be accomplished if the selected technologies meet the energy 
access needs of the present and future of rural households reliably and efficiently. Mature 
and widespread technologies are suggested to expand energy access. Besides, interventions 
can be “scaled up” and replicated, meaning how they are expanded, encouraged and 
promoted. 

Environmental: In order to reduce environmental impacts on the society and users, the 
intervention needs to pay a great deal of attention to environmental impacts. Interventions 
should coexist with local environment system. Additionally, it can be captured by 
considering contributions to local and global pollution, GHG emissions, and other 
environmental degradation. 

While it’s impossible to discuss all the parameters in this study, the above delivers a 
message of the challenge of multidimensionality in terms of expanding energy access as a 
starting point.  

The strengths and weaknesses of EEAI framework 

Though there have been many attempts to develop platforms or approaches to measure 
energy access degree in various scales, or to create different models and propose algorithms 
for selecting energy technologies, the “Best Practice” concept has not been applied into such 
a numeric framework- EEAI framework. Generally, the multidimensional framework is a 
simple but comprehensive tool to evaluate expanding energy access interventions. It 
employs a synthesis of aggregate individual indicators and composite the outcomes from 
multi criteria analysis. 

The framework here is more likely to evaluate the inputs and outputs of expanding energy 
access interventions. Furthermore, the Expanding energy access intervention (EEAI) 
framework emerges as a discussion of the many issues pertaining to its strengths and 
weaknesses.  

 Strengths: 

Instead of setting a numeric target of “Best Practice”, this framework integrates the “Best 
Practice” concept in a relatively objective manner. By using compromise programming, the 
computed outputs indicate the gaps between the interventions and absolute ideal scenario. 
If an intervention will be applied into this framework, each dimensional performance is 
plotted in the pentagon model. Through the algorithm, the composite score of an 
intervention will arrival at a performance level rather than setting a goal. It is expected that 
the “Best” intervention could produce the largest pentagon. In other words, the “Best 
Practice” here is the one has the minimum distance 𝐷𝑝 with “ideal practice”. 

Due to the complexity of energy access intervention, it is difficulty to take all independent 
variables into consideration. Hence, the proposed multidimensional framework has provided 
a possible tool across a wide range of variables. Particularly, the broader scope of the 
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framework obtains an in-depth understanding of the effects and performances of diverse 
interventions. It delivers a statistical summary of diverse interventions by demonstrating a 
composite “Best Practice” concept. This advantage gives readers and users a thorough 
overview of an intervention to expand access to electricity or modern cooking solution. 

After applied the “Best Practice” concept to energy access context, it is notable that the 
quantifiable and dynamic features of the “Best Practice” concept are difficult to compare 
directly. Therefore, to overcome the inherent conflict of multiple objectives, the evaluations 
are conducted under a trade-off. Based on the scores (dimensional performances) from five 
dimensions, the numeric results of 𝐷 bring out the final value of “Best Practice” in expanding 
energy access. As the framework easily comparable, it makes the evaluation and assessment 
process more accessible to the decision makers and stakeholders among different 
interventions. 

Briefly, this EEAI framework is such an eye catcher and supply better communication. In 
other words, it balances the needs of providing visual appealing findings and practicality. As 
a starting point, the five-dimension-pentagon model builds a deep insight and makes the 
information easily comprehensive. It encompasses various information and data set quickly, 
effectively and efficiently. The benefits of visualizing interventions are that not only provides 
representation of dimensional information but also browsing deeper to get further 
information of indicators. 

Moreover, in this case, the framework here is intended to demonstrate a possibility for 
further study. It may be based on more than the context in this study. That is, selected or 
designed parameters might be merely used for this study, such as assigned weights, given 
scores, and designed dimensions, etc. Readers could expand, replicate and apply the 
framework into new or different context. In general, this framework has potential to 
transform reality through evaluation. 

 Weaknesses: 

From the fundamental state of GEAKB, without undertaking all the process by one 
institution or universal standards, there may be an incorrect understanding or even 
misapprehension that can have aside from the definition of “energy access” and “Best 
Practice” in the view of GEAKB. For instance, a case submitted by The Mediterranean 
Renewable Energy Centre (MEDREC) describing a concentrating solar power plant feeding 
into the grid. While this is a “good” renewable energy project example, it does not 
specifically include access to energy for any consumers. 

As for energy access, this type of multi-dimensional phenomenon calls for a multi-
stakeholder involvement to facilitate the concept development of “Best Practice”. However, 
due to research scope and available data, this study has attempted to take main factors into 
account. Unfortunately, loss of information is inevitable for any intervention employed to 
implement the framework.   

All the interventions are still having on-going effects on increasing energy access. Besides, 
these interventions are likely to vary over time, and proposed five dimensions are unlikely to 
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remain static. The shaped pentagons of “Best Practice” concept in expanding energy access 
interventions here obtained from the case studies are just snapshots.  

To complete the questionnaire, a number of experts were asked to ranking the relative 
importance of indicators. Firstly, a limited amount of experts leads to insufficient computed 
weights. The involvement of multiple stakeholder results in different standpoints and 
preferences on the criteria. Therefore, this weakness of the questionnaire can be improved 
using a stakeholder questionnaire to expand knowledge of different viewpoint of expanding 
energy access interventions as a result of different opinions on the criteria. The 
questionnaire mainly consists of two parts: scoring the importance of proposed criteria and 
making comments about criteria. However, relative importance of five dimensions is missing, 
which can be enhanced by asking to rank various aspects of five dimensions.  

Regarding the replicability of “Best Practice” concept, it require more efforts to minimize the 
uncertainty and deviation of "Best Practice" transfer, meaning it is necessary to smooth the 
process and find out the most practical framework for China context. A solution to this 
problem is reassigned and recalculated the weight factors from the view of Chinese 
stakeholders. 

The many thorny issues cited above, need to be addressed in the implementation and 
robustness of the framework. 
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6. Concluding remarks  
This thesis tries to provide a possible framework to identify and apply the "Best Practice" 
concept of expanding energy access interventions.  

After an overview of the topic of expanding energy access and the "Best Practice" concept, 
this thesis has presented a synthesis of information and studies of current and potential 
tools for evaluating and measuring energy access interventions. The "Best Practice" concept 
is subsequently developed from the theoretical level to the operational level and optimal 
levels.  A potential Expanding Energy Access Intervention (EEAI) framework proposes a 
multi-criteria decision pentagon model for illustrating the “Best Practice” concept. With 
respect to non-Chinese and Chinese energy access interventions, case studies discuss the 
variables and impacts by multi criteria analysis. Next, using the developed five-dimensional 
framework the chosen interventions have been examined and characterised, and some 
attempt made to assess their developmental outcomes. 

As a result of the complexity and multidimensionality of expanding energy access issues, it is 
important to find out what has worked and what are the barriers in a specific intervention. 
Thus, the methods for measuring and monitoring are essential for tracking the process and 
accountability of relevant interventions. The study presents a “Best Practice” identification 
methodology that simplifies the process of characterising energy access interventions while 
following a well-defined framework.  

It can be seen that the “Best Practice” concept of energy access is a difficult and sensitive 
problem which contains quantitative and qualitative aspects. Though the cases studies that 
have been employed are clearly diverse in terms of aims, scales, stakeholders and other 
issues, the operational and optimal concept studies provide some valuable results in terms 
of applying the concept of “Best Practice”.  

The “Best Practice” concept facilitate a clear assessment and evaluation of such 
interventions from a balanced perspective between five individual dimensions, namely social, 
political, financial, technical, and environmental respectively. The framework illustrates how 
achieving “Best” with a trade-off between these five dimensions. The calculated scores of 
interventions from case studies indicate the framework and approach are feasible and align 
with the existing conclusions in the literature. Two sections of cases from GEAKB explore the 
extent to which case can be identified as the "Best Practice". Two of the identified practices 
qualify as the “best” by fulfilling the requirements (have the minimum gap between the 
ideal pentagon) used in the identification and application process. Though the methodology 
is still in the early stage, the observations from case studies reflect the feasibility and 
usefulness of this study. 

In term of Chinese context, one analysed Chinese case (SSDX) indicates the feasibility of 
applying the “Best Practice” concept into Chinese context. Likewise, the framework could be 
used as a valuable guideline to promote the “Best Practice” concept for energy access 
project planning and implementation. It is thought that this study will be of value to Chinese 
policy-makers and development practitioners in the fields of expanding access to modern 
energy services.  
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Basically, the case studies of this research are rooted in the GEAKB, meaning findings are 
mainly based on the analysis of information from GEAKB.  The EEAI framework proposes a 
quick visual comparison of dimensions and interventions in a straightforward manner. It 
allows users to synthesize various information and data quickly, effectively and efficiently. 
The methodology aims to promote simplicity and transparency to the readers and users 
about the assessments and evaluations of energy access interventions. Particularly, the five-
dimension-pentagon model builds a deep insight and made the information easily 
comprehensive. 

On the other hand, this study enables users to have an in-depth understanding from the 
aggregated scores of interventions to disaggregated scores of indicators. Meanwhile, the use 
of the framework could cross both scale and context for further study. Regarded as a 
starting point, this study is more likely to provide a possible involvement for everyone to 
have transparent discussions. That is, everyone could have their views and selections on the 
proposed variables, such as criteria, indicators, dimensions, weights, and scores, etc. Clearly, 
the results change according to these variables used. 

Although these early-stage study cannot consider all associated variables, it represents a 
reliable starting point for the beginning of identifying and applying the “Best Practice” 
concept to expand access to modern energy services. 

With regard to future work, the study recommends the some actions in order to contribute 
to improve research in the area of evaluating expanding energy access interventions. The 
EEAI framework could be applied into more applications to illustrate the use of the 
framework in other contexts and types of interventions. Additionally, the study could 
introduce sensitivity analysis with reassessing weights. An incorporation of the pentagon 
representation in the GEAKB as a visual indication of interventions characteristics could also 
be a method for evaluation and measurement both in energy access and other fields. 
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Appendix  
Appendix 1 Best Practice Lessons and Principle of Expanding Energy Access  

Name UNDP  EASE Sustainable Energy for all  IEA  The World Bank  

Focus  - Business model  - - EAP region  
Best Practices Lessons 
(Principles) 

Strengthening national 
policy and institutional 
frameworks 

Enterprise Sustainability: the 
business model enables long term 
existence of businesses operating 
within this model 

Fostering a technology-neutral 
systems approach  within a 
climate-conscious setting        

Prioritizing energy access as a 
key driver of social and 
economic development is a 
first step towards universal 
modern energy access 

Universal Access under 
both the electricity and 
clean cooking paths is 
affordable, and both 
must be implemented. 

Mobilizing and expanding 
financing options 

Scalability: the business model can 
be extended to a large market. 

Filling policy, capacity and 
funding gaps and delivering 
transformational change  

Commitment from the 
international community to 
the objective of achieving 
universal access to electricity 
and to clean cooking facilities 
by 2030 

Developing a Regional 
entity to facilitate 
universal 
energy access to 
“bottom-of-the-
pyramid” HH. 

Developing effective 
approaches for scaling up 
energy service delivery at 
the local level. 

Societal Benefits: the business 
results in improvement of human 
welfare. These improvements could 
take the shape of job creation, 
improved education, improved 
health, etc. 

Encourage broad engagement 
and strong coordination with full 
disclosure and transparency  

Establishment of national 
goals for access to modern 
energy services, supported 
by specific plans, targets and 
systematic monitoring, using 
appreciate indicators. 

- 

- - - Creation of adequate and 
sustainable financial, 
institutional and technology 
frameworks  

- 

Reference  UNDP and Energy Access 
for the Poor: Energizing the 
Millennium Development 
Goals [27] 

From Self Sustaining to Self-
Propelling:  
A Study of Business Models for 
Energy Access in Developing 
Markets [132] 

Sustainable energy for all: 
Technical Report of Task Force 1 
[24] 

Energy poverty: How to 
make modern energy access 
universal [6] 

Achieving universal 
access to modern 
energy in East Asia and 
the pacific. [8] 
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Name Practical Action  AFREA ESMAP  World Energy Outlook 
Focus  - Household Energy Access  - Financing option 
Best Practices Lessons 
(Principles) 

Recognizing the right to 
energy  

A Holistic Approach to Household 
Energy Issues Is Necessary 

Empowering communities  Adopt a clear and consistent statement that energy 
access is a political priority and that policies and funding 
will be reoriented accordingly. 

Political willingness from 
governments  

Public Awareness Campaigns Are 
Prerequisites for Successful 
Interventions 

Collaborative engagement of 
multiple stakeholders  

Mobilize additional investment in universal access, and 
all sources and forms of investment have their part to 
play, reflecting the varying risks and returns of particular 
solution.  

The funding gap on energy 
access for the poor 

Consumer Fuel or Stove Subsidies 
Are Not a Good Way of Helping the 
Poor 

Using simple, innovative 
technologies  

Private sector investment needs to grow the most, but 
significant barriers must first be overcome 

Clear and specific pro-poor 
policies and strategies 

Both Market-Based and Public 
Support Are Relevant in the 
Commercialization of Improved 
Stoves 

Access to credible information  Concentrate an important part of multilateral and 
bilateral direct funding on those difficult areas of access 
which do not initially offer an adequate commercial 
return. 

Sustainability of energy 
access 

Needs and Preferences of Improved 
Stoves Users Should Be Given 
Priority 

Enabling policy environment  Make provision for the collection of  robust, regular and 
comprehensive data to quantify the outstanding 
challenge and monitor progress towards its elimination 

Allowance if greenhouse gas 
emissions to provide energy 
access for the poor  

Durability of Improved Stoves Is Key 
for Their Successful Dissemination 

Establishment of financial and 
institutional mechanisms to 
ensure continued access to 
energy services 

- 

Alternative climate change 
mechanisms 

With Microfinance, the Poor Can 
Gradually Afford an Improved Stove 

- - 

Reference  Energy Poverty: the hidden 
energy crisis [133] 

Household Energy Access for 
Cooking and Heating: Lessons 
Learned and the Way Forward 
[134] 

Innovative approaches to 
energy access for the urban 
poor: Summaries of Best 
Practices from cases studies in 
Four counties [135] 

Energy for all - Financing access for the poor [1] 
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Appendix 2 Approaches to Measuring Energy Access Intervention 

Methodology  Name Description Objective 
Single 
indicator 

Energy Poverty Line 
[32] 

Demand-based approach to define 
energy poverty line as the threshold 
point at which households consume 
a bare minimum level of energy 
needed to sustain life. 

Define a threshold point at 
which households consume a 
bare, minimum lever of 
energy. 

Dashboard 
indicators 

Energy indicators for 
Sustainable 
Development [31] 

The 30 indicators of sustainable 
developments could measure and 
assess current and future effects of 
energy use on human health, human 
society, air, soil and water among 
three dimensions: social, economic 
and environmental.  Determine 
whether current energy use is 
sustainable and, if not, how to 
change it. 

Using energy indicators for 
measure sustainable 
development, and address 
important issues in it. 

Ecosystem Health 
indicator [136] 

Set of 17 indicators measure the 
healthy energy access ecosystem 
across financing, policy and capacity. 

Evaluate of the health of 
energy access ecosystems. 

Composite 
index 

Human 
Development Index 
[29]  

Proposed by the United Nations 
Development Programme (UNDP), a 
summary measure of human 
development. It measures the 
average achievements in a country in 
three basic dimensions of human 
development: a long and healthy life 
(health), access to knowledge 
(education) and a decent standard of 
living (income). 

Considered as a planning and 
monitoring tool for 
Improving energy access and 
development. Link between 
development and electricity 
provision in Amazon region. 

Energy 
Development Index 
[30] 

Tracking a country's progress in 
transitioning to modern fuels and 
modern energy services. 

Tracks energy development 
country-by-country, 
distinguishing between 
developments at the 
household level and at the 
community level. 

Multidimensional 
Energy Poverty 
Index [33] 

Capture a set of energy deprivation 
to a range of modern energy services 
affecting individuals. 

Measure and report on 
energy poverty to make 
helpful influence on the 
design of policy, regulatory 
and financial strategies to 
address the issue. 

Total Energy Access 
[12] 

Six key energy services with a set of 
minimum standards and indicators. 

Set minimum access 
standards for six energy 
services. 

Multi-tier  Energy Access Index 
[7]  

Categorizes three crucial energy 
supplies, measure the extent to 
which energy supply is available to 
people in order to meet these 
service needs. 

An aggregated indices 
measure of the quality of 
energy supply. 

Multi-tier 
framework [9] 

Multi-tier metric for electrification 
and cooking solutions in immediate 
and medium term, and propose 
global and country-level tracking 
framework.  

Embrace the appreciate 
interventions to adequately 
track progress toward 
universal energy access 
across countries.  
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Appendix 3 Questionnaire Experts List 

 

  

Name  Organization  Position E-mail Address 

Lijuan Fan ERI  Head for 
International and 
Regional 
Cooperation Dep. 

fanlijuan@cnrec.org.cn 

Gao Hu ERI  Deputy Director 
China National 
Renewable Energy 
Center (CNREC) 

gaohu@amr.gov.cn 

Bunker Ray  Barefoot College Director  barefootcollege@gmail.com 
 

Peter Atkins PACE and Credible 
Carbon 

Partner  peter@crediblecarbon.com 
 

Lawrence 
Agbemabiese  

University of 
Delaware (formerly 
UNEP DTIE) 

Professor agbe@udel.edu 

James Arthur 
Haselip 

UNEP Risø Centre Researcher jhas@dtu.dk 

mailto:fanlijuan@cnrec.org.cn
mailto:gaohu@amr.gov.cn
mailto:barefootcollege@gmail.com
mailto:peter@crediblecarbon.com
mailto:agbe@udel.edu
mailto:jhas@dtu.dk
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Appendix 4 Questionnaire about the Criteria of Expanding Energy Access: the Concept of 
Best Practice 

Background 

We are interested in assessing interventions of improving energy access with regard to "Best 
Practice". This involves evaluating interventions according to independent criteria that can 
be envisaged in five "dimensions":  social, political, economic, technological, and 
environmental. Ideally, a "best practice" intervention should be one that contributes to all 
the relevant dimensions, taking into account a trade-off between the dimensions. In other 
words, a practice qualifies as a "best practice" when it fulfils the defined multi-dimensional 
criteria. 

A literature review presented in a forthcoming MSc Thesis11, provides some guidelines on 
the selection of criteria. At this stage in the process we would like to invite inputs and 
comments from a broad selection of expertise and experience in order to improve the 
realism and operationality of criteria.  

To make the criteria simplified and accurate in this study, several relevant constraints are 
introduced: 

• The criteria can be applied to any expanding energy access interventions in a global 
domain 

• Two energy services or carriers considered: Electricity and modern cooking 
solutions12  

• Target areas are mainly in rural areas 
• Energy needs of local customers are at the first level: basic human needs 

Questionnaire  

The purpose of this questionnaire is to assign a weight (1 to 5, corresponding to "very 
insignificant" to "very significant" to each criterion to reflect their relative importance in the 
decision-making process related to expanding energy access). In the following table, please 
choose a number from 1 to 5 and write it next to each criterion to indicate how you rate its 
importance within the respective dimension. In other words, within each of the 
“dimensions”, how important do you think the various criteria are? 

Any comment about the questionnaire or criteria is warmly welcomed. Thank you in advance!  

                                                           
11 Xiaoxiao Chen, 2013, Expanding access to clean energy in rural areas of western China: the concept 
of “Best Practice”. MSc Thesis, KTH Royal Institute of Technology, Sweden; UNEP Risø Centre, DTU, 
Denmark,  
Supervisors: Mark Howells, KTH, Energy System Analysis, mark.howells@energy.kth.se; Gordon A. 
Mackenzie, UNEP Risø Centre,DTU, Clean Energy Development, goma@dtu.dk 
12SE4ALL, Global Tracking Framework, Sustainable Energy for All, 2013 

mailto:mark.howells@energy.kth.se
mailto:goma@dtu.dk
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Table 23 Criteria weights scale 

1 2 3 4 5 
Very Insignificant In significant Neutral Significant Very Significant 
 

Table 24 Dimensions and criteria of the “Best Practice” concept of expanding energy 
access   

Dimension  Criteria Weight 

Social  Contribution to social progress/benefit in local community and 
region from an intervention  

 

Contribution to job creation and local productive activities  

Significant positive public attitude to the intervention, such as 
social acceptance, social  justice and harmony, etc. 

 

Comments:   
Political Intervention is implementing under a enabling and supportive 

policy environment with specific and sustained energy targets 
  

Involved rural energy institution or equivalent has been mandated, 
has appropriate resources and shows progress on improved access 
of the intervention 

  

Widespread external recognition of transparent and accountable 
processes used by all stakeholders in the intervention  

  

Comments:   
 Financial National/regional government budget and private sector 

investments exist in the financing sources of intervention  
  

High proportion of combination of end-user financing mechanism 
corresponding to local appropriate financing options  

  

Sustainable financing structure with necessary subsidies and tariffs 
to ensure full cost recovery for the delivered service to make the 
provision viable in the long term 

  

Comments:    
Technical Using high efficient innovative technologies to facilitate cleaner 

energy access 
  

The selected technology  in the intervention is mature and achieve 
widespread adoption 

  

High possibility of the intervention being scaled up and replicated 
for other countries/regions 

  

Comments:   
Environmental Protecting and sustaining local ecosystem with minimal stress and 

impact 
  

Reduce a significant quantity of GHG emission   
Have minimal negative impact on air, land and water quality   
Comments:   
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Appendix 5 Questionnaire Results  

Table 25 Computed Weights for Each Criterion 

Criteria S1 S2 S3 P1 P2 P3 F1 F2 F3 T1 T2 T3 E1 E2 E3 
Weight 4.67 4.67 4.33 4.83 4.33 4.17 4.50 4.50 4.67 4.33 4.33 3.83 4.67 4.00 4.67 
 

 

1 2 3 4 5 6
S1 5 4 4 5 5 5

S2 5 5 5 5 5 3

S3 5 3 3 5 5 5
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Social Dimension 

1 2 3 4 5 6
P1 4 5 5 5 5 5
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Political Dimension 



 

70 
 

 

 

1 2 3 4 5 6

F1 4 4 4 5 5 5

F2 4 3 5 5 5 5

F3 4 5 4 5 5 5
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Financial Dimension 

1 2 3 4 5 6

T1 5 4 4 4 4 5
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Environmental  Dimension 
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Appendix 6 Indicators scaling 

 Social  
 

Indicator Scale Description  Score  

Social 
progress/ben
efit in local 
community 
and region 
from an 
intervention 
(S1) 

Very Poor  Social regress in local community and region by the 
intervention  

0 

Poor  No social progress/benefit in local community and region 
from the intervention 

1 

Fair Low social progress/benefit in local community and region 
from the intervention 

2 

Good  Medium social progress/benefit in local community and 
region from the intervention 

3 

Very Good  Considerable social progress/benefit in local community and 
region by from the intervention 

4 

Contribution 
to local 
productive 
activities/job 
creation (S2) 
 

Very Poor  Decrease of employment and/or hinder inhabitants' capacity 
to engage in productive activities  

0 

Poor  No contribution to create jobs or estimate local productive 
activities 

1 

Fair The intervention have limited contribution to create jobs , 
estimate few local productive activities, but it does not create 
new productive activities based on the expanding energy 
access intervention 

2 

Good  The intervention contributes to create jobs , estimate local 
productive activities, but it does not create new productive 
activities based on the expanding energy access intervention 

3 

Very Good  The intervention contributes to create jobs , estimate local 
productive activities and create new productive actives based 
on the expanding energy access intervention 

4 

Social 
acceptance of 
the 
intervention 
by local 
society (S3) 

Very Poor  Public against the intervention, and  the intervention has 
negative effects on social justice and harmony 

0 

Poor  Public have fair opinion toward the intervention in society 1 
Fair Public have no opinion toward the intervention in society  2 
Good  Public have good opinion toward the intervention in society 3 

Very Good  Public have excellent opinion toward the intervention in 
society  

4 

 
 Political  

 
Indicator Scale Description  Score  

Policy 
environment 
and energy 
access targets 
(P1) 

Very Poor  No reference to energy access in national/regional policy  0 
Poor  Little reference to energy access in the Poverty Reduction 

Strategy or other flagship policy  
1 

Fair National/Regional policy has references to Energy Access but 
no clear targets  

2 

Good  National/Regional policy has specific energy targets that 
include electricity, household cooking, health centres/school 
and enterprise 

3 

Very Good  As above, with good evidence of secondary legislation to 
deliver targets 

4 
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Local energy 
institution or 
equivalent 
(P2) 

Very Poor  No institution involve in the expanding energy access 
intervention  

0 

Poor  Lack of clarity on which institution (or no institution) is 
leading on energy access to rural areas 

1 

Fair Rural energy institution or equivalent has been mandated, 
but is under-resourced or shows limited progress on 
improved access 

2 

Good  Rural energy institution or equivalent has been mandated, 
has appropriate resources and shows progress on improved 
access. 

3 

Very Good  As above and on track towards national/regional energy 
access targets 

4 

Transparent 
and 
accountable 
multi-
stakeholder 
process 
utilized in 
current policy 
formulation 
(P3) 

Very Poor  Process information of the intervention are unavailable   0 
Poor  No formal procedure for transparent and accountable 

processes  
1 

Fair Formal procedures for transparent and accountable 
processes in place, but not used by all stakeholders  

2 

Good  Transparent and accountable processes used by all 
stakeholders, with transparent information systems and 
accountable relationships, with internal recognition 

3 

Very Good  Widespread external recognition of transparent and 
accountable processes used by all stakeholders, with 
transparent information systems and accountable 
relationships 

4 

 

 Financial  

Indicator Scale Description  Score  

National/regi
onal 
government 
budget and 
private sector 
investments 
evidence(F1) 

Very 
Poor  

No specific national/regional energy access budget or private 
sector investments  

0 

Poor  National/ regional energy access budget and private sector 
investments are static 

1 

Fair National/ regional energy access budget and private sector 
investments are increasing at a rate but not sufficient to deliver 
access targets  

2 

Good  National/ regional energy access budget and private sector 
investments are increasing at a rate and will help to deliver 
access targets  

3 

Very 
Good  

National/ regional energy access budget and private sector 
investments are delivering access target with evidence of good 
progress  

4 

Proportion of 
combination 
of end-user 
financing 
mechanism  
(F2) 

Very 
Poor  

No financing mechanism of end user 0 

Poor  Minimal proportion of  combination of active end-user financing 
mechanism corresponding to local appropriate financing options 

1 

Fair Small and static proportion of combination of end-user financing 
mechanism corresponding to local appropriate financing options 

2 

Good  A growing  proportion of combination of end-user financing 
mechanism corresponding to local appropriate financing options 

3 

Very 
Good  

A high proportion of combination of end-user financing 
mechanism corresponding to local appropriate financing options 

4 

Sustainable 
financing 

Very 
Poor  

No specific national/regional energy access budget or private 
sector investments  

0 



 

73 
 

structure (F3) Poor  National/ regional energy access budget and private sector 
investments are static 

1 

Fair National/ regional energy access budget and private sector 
investments are increasing at a rate but not sufficient to deliver 
access targets  

2 

Good  National/ regional energy access budget and private sector 
investments are increasing at a rate and will help to deliver 
access targets  

3 

Very 
Good  

National/ regional energy access budget and private sector 
investments are delivering access target with evidence of good 
progress  

4 

 

 Technical  

Indicator Scale Description  Score  

Technology 
efficiency (T1) 

Very 
Poor  

Using very low efficient technologies to facilitate cleaner energy 
access 

0 

Poor  Using low efficient technologies to facilitate cleaner energy 
access 

1 

Fair Using moderate efficient technologies to facilitate cleaner energy 
access 

2 

Good  Using high efficient technologies to facilitate cleaner energy 
access 

3 

Very 
Good  

Using very high efficient technologies to facilitate cleaner energy 
access 

4 

Technology 
maturity (T2) 

Very 
Poor  

Technologies and appliances are under basic technology research 
level and not  available for the intervention  

0 

Poor  Technologies and appliances are at the level of technology 
demonstration and are not easily available for the  intervention  

1 

Fair The selected technology of the intervention is operational level 
and achieve widespread adoption in the part of target 
region/country  

2 

Good  The selected technology of the intervention is relative mature 
and achieve widespread adoption in the part of target 
region/county  

3 

Very 
Good  

The selected technology of the intervention is mature and 
achieve widespread adoption in the target region/county  

4 

Technology 
replicability 
and scaling-
up (T3) 

Very 
Poor  

No possibility for scaling-up or replicability 0 

Poor  Small possibility of scaling-up and replicability 1 
Fair Medium possibility of scaling-up and replicability 2 
Good  High possibilities of scaling-up but cannot be replicated to other 

regions/countries  
3 

Very 
Good  

High possibilities of scaling-up and replicability to other 
regions/countries  

4 
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 Environmental  

Indicator Scale Description  Score  

Ecological 
stress(EN1) 

Very Poor  Ecosystem is ruined by the intervention  0 

Poor  The intervention have high stress and large impact on local 
ecosystem 

1 

Fair The intervention have some relevant stress and impact on 
local ecosystem 

2 

Good  The intervention have some minimal stress and impact on 
local ecosystem 

3 

Very Good  The Intervention protect the ecosystem without any stress on 
it 

4 

Green House 
Gas(GHG) 
emission 
(EN2) 

Very Poor  The GHG emission of the intervention is increasing, for 
instance, using conventional fossil fuel 

0 

Poor  The intervention does not reduce GHG emission, which still 
has a great quantity of GHG emissions as before  

1 

Fair The intervention reduces a small quantity of GHG emissions 2 
Good  The intervention reduces a medium quantity of GHG 

emissions, such as select renewable energy technologies 
3 

Very Good  The intervention reduces a significant quantity of GHG 
emissions, such as select renewable energy technologies 

4 

Air, land and 
water quality 
(EN3) 

Very Poor  Has a great amount of pollutants of air, land and water, and 
shows serious negative effects  

0 

Poor  The intervention has some negative impact on air, land and 
water quality, which threaten the availability of such 
resources  

1 

Fair The intervention has minimal negative impact on air, land and 
water quality  

2 

Good  The intervention has no negative impact on air, land and 
water quality  

3 

Very Good  The intervention improve the air, land and water quality of 
local environment  

4 
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Appendix 7 Description of LPT, UGS and SASHS programmes 

Energy access programme in Brazil: “Lighting for all” 

Brazil knows that the goal of providing universal access to electricity is central to the 
country’s poverty reduction and economic development plans [137]. The programme LPT 
programme (Luz Para Todos) was launched in November 2003, as the name of the 
programme indicates, the objective is to provide electricity to all citizens, particularly to 
those who live in rural areas [138].   

The programme has been coordinated by the Ministry of Mine and Energy, operationalized 
by Eletrobrás and executed by the electric power concessionaires and rural electrification 
co-operatives with state government. To provide service to the families with no access to 
electricity in the rural areas, there were plans of nearly R$ 20 billion, of which R$ 14.5 billion 
was from the Federal Government [139].  

In response to the technological options with respect to the use of alternative sources of 
energy, LPT was considered the decentralized generation systems from mini and micro 
hydro, hydrokinetic systems, thermal plants to biofuels or natural gas power plant solar 
photovoltaic, wind turbines and hybrid systems [139]. 

Figure 17 illustrates both targets and actual results of LPT. Despite its continental 
dimensions, Brazil has been successful in its programme for electricity provision and has 
achieved about 88% of electricity.  LPT has so far benefited about 15 million people by the 
end of 2010 [29]. 

  

Source: [29] 

Figure 17 Accumulated LPT’s Targets and Actual Results in Amazon Region (Millions of 
Beneficiaries)  

Besides, the improvements of co-benefits attributed to “Light for All” provided by a survey, 
results are illustrated above. The arrival of “Light for All” has promoted a true revolution in 
the rural areas and in Brazil, once the programme has been contributing to modify the image 
of social situation. Specifically, the electric power benefits are countless and have 

2004 2005 2006 2007 2008 2009 2010
Target 0,12 0,46 0,9 1,24 1,75 2,36 2,97
Results 0,04 0,25 0,7 1,08 1,58 2
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encouraged families to stay in the country and to develop productive activities, improving 
quality of life and generating job and income [106]. 

 

Source: [139] 

Figure 18 The Improvement Rates of LPT Programme from An Interview  

Capturing carbon cash through bioethanol gel stoves 

In 2008, the local government of Umdoni Municipality Community followed the energy 
policy of the Free Basic Electricity Policy for grid-connected households and the Free Basic 
Alternative Energy Policy (FBAE). The project sees poor households partially displacing coal, 
wood, paraffin and dung fuel sources with cleaner burning bioethanol gel [140]. With the 
purpose of helping poor, rural households to gaining energy access, the project involves 
support for the sustained roll-out of bioethanol gel-fuel for bio-fuel stoves to over 4,000 
rural households in the Umdoni Municipality [141].  

As a “fuel-switching” project, Umdoni Gel Stoves make use of bioethanol gel fuel, which is 
non-polluting relative to other fuels. Besides, regarding bioethanol’s property of carbon-
neutral, it can reduce greenhouse emissions. Gel has been distributed since 2008 and uptake 
of the gel has gradually increased about 1000 stove each year [141].  

Under well-implemented energy poverty alleviation policies, the Umdoni Gel Stoves Project 
was fortunate in having pro-active local government participation through the Umdoni 
Municipality Community Development Department (who supplies the gel stove and gel fuel). 
The project was further strengthened by effective project management [87]. It is carried out 
by the project developer (the Project Preparation Trust) and by the involvement of PACE (as 
the coordinator of the carbon side of the project). 

The UGS project is financially supported by Umdoni Local Municipality, it supplies the target 
households for an initial fuel quantity of 7L per household per month and the replacement 
of defective and aging stoves.  The specific details of the amount of project’s funding are not 
available, and thus probably it has been about 1.2 million ZAR (around 114,000 €) [87]. 2010 
saw the first sale of Credible Carbon credits by PACE from this project by a voluntary carbon 
registry. Revenue from the sale of Credible Carbon credits will be used to introduce further 
renewable energy products into Umdoni households based on demand for these products. 
[141]. The 70% of carbon revenues goes to the community, and the remaining 30% was used 
for management and registry fees [140].  
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Off-grid Solar Homer System Programme South Africa  

The aims of extending the grid to every household in South Africa is not feasible now for 
technical reasons, and the question comes to what distance from the grid makes 
decentralised electricity supply, such as PV systems for  each home are concerned as the 
most appropriate solution.  

As part of National Electrification Programme (NEP), the project of Solar home systems in  
South Africa commits to provide universal access to electricity for 92% of the population by 
2014 [103]. It aimed to “attract larger, better organised private companies with their own 
sources of financing in the hope that “the strong financial and maintenance control 
characteristic of the private sector should facilitate the channelling of international 
development funding‟ [142]. 

The SASHS project was undertaken in partnership with the private sector, with local 
concessionaires acting as project implementers and receiving subsidy support from the 
government. The capital subsidy from government is 80% of the cost the system, the rest of 
cost was financed by the concessionaire [143]. 

Today, approximately 30,000 installations in rural households achieved the access within 
electricity. They have gained access to a 50Wp PV panel, inverter and battery [103]. In terms 
of the role of Private sectors, local concessionaires were acting as project implementers and 
being paid subsidy from the government.  

The programme has faced a number of challenges associated both with the inherent 
difficulties in servicing rural households but also because of administrative and policy 
problems which have limited the growth of the programme [103]. 
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Appendix 8 Case Studies of LPT, UGS, and SASHS programmes 

Energy access programme in Brazil: “Lighting for all” 

Dimension Indicator Score Evidence 

Social Social progress/benefit in 
local community and region 
from an intervention (S1) 

4 Improvement of conditions and opportunities to study, 
work, income, and healthcare in the rural areas, after the 
arrival of electric power. School activities increase 40.7%. 
Healthcare services availability has increased for 22.1% of 
those interviewed. After the Programme, there was a 
considerable increase in sales of devices, such as TV's, 
refrigerators, fans, CD players, freezers, and liquefiers. The 
number of purchased TV's, for example, jumped to 79.3% 
and refrigerators, 73.3%. The outputs show that electric 
power is stimulating the economic and social development 
of the communities. 

Contribution to local 
productive activities/job 
creation (S2) 

4 The "Light for All Programme", encouraged business 
activities in rural communities, generating more income, 
jobs and regional development. Job increase (34.2%) and 
those interviewed and family income has increased for 
35.6%. 

Public attitude to the 
intervention(S3) 

4 The target group is families with no access to electricity so 
the local inhabitants have the needs to expanding their 
energy access (assumed) 

Political Political environment and 
energy targets (P1) 

4 Serving goals were fixed per concessionaire and per 
Municipality, through the indication of the year in which the 
electricity universalization should be concluded. The 
compulsory completion of specific and prioritized targets by 
the electricity companies has promoted the development of 
projects that had previously low priority at the company 
level. Each local electric utility was called to present an 
Universalization Plan, containing Annual Programmes for 
Service Expansion, which must contemplate several 
indicators such as areas in which the extension of primary 
and secondary distribution networks will be performed for 
the connection of new households, kilometres of new 
extension of distribution networks, and goals of the quantity 
of consumer units to be attended. 

Effective local energy 
institution or equivalent (P2) 

4 The project is executed by electric power concessionaires 
and rural electrification co-operatives .The preponderant 
role is played by the concessionaires at the local level 
together with the civil society, acting in the implementation 
of the programme through specific projects. 

Transparent and accountable 
multi-stakeholder process 
utilized in current policy 
formulation (P3) 

4 The "Lighting for All" Programme used the Human 
Development Index to monitor and evaluate the results. 

Financial National/regional government 
budget and private sector 
investments evidence(F1) 

4 To provide services to 15 million people, there were plans of 
investments of approximately R$ 20 billion, of which R$ 14,3 
billion was from the Federal Government. The federal 
resources come from energy funds – Energetic Development 
Account (CDE) and the Reversion Global Reserve (RGR). The 
remaining financial resources, about 28%, came from state 
governments and from executor agents. The financial 
support of Brazil's major development bank is noteworthy. 
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proportion of combination of 
end-user financing 
mechanism  (F2) 

2 N/A 

Sustainable financing 
structure (F3) 

4 Thanks to the subsidized resources and to financings with 
interest rates quite below the market, provided by "Light for 
All", the federal government anticipated the standardization 
of electric power in the country. In the states of Amazonas, 
Acre, and Roraima, states that tax impacts would be quite 
high, considering that the investment to be made would 
have a high cost in relation to the concessionaries market, 
the unrecoverable funds were of 80% by federal government 
share and of 19% by state governments, and 10% by the 
concessionaires, as counterpart. Tariffs in general are 
relatively high compared to many other countries, especially 
those such as Canada with a comparable proportion of 
hydroelectric generation in its mix. However, it should be 
noted that the Brazilian tariff on average is more than 30% 
tax, a significantly larger percentage than imposed in most 
other countries 

Technical Technology efficiency (T1) 
 

3 Different technology alternative were designed based on 
local energy resource 

Technology maturity (T2) 4 Different technology alternatives can be chosen: Among the 
technological options, are considered the decentralized 
generation systems from mini and micro hydro, hydrokinetic 
systems, thermal plants to biofuels or natural gas power 
plant solar photovoltaic, wind turbines and hybrid systems, 
and the use of new technologies such as poles made of 
polyester resin reinforced with fiberglass and special 
underwater cables for use in the river crossings. 

Possibility of replicability and 
scaling-up (T3) 

3 It is a well succeed experience; but not in the institution 
context of the electrification process, the Brazilian 
experience offers little guidance to very poor countries that 
lack a well-establised institutional base for promoting 
electrification. 

Environmental Ecological stress(E1) 2 The region is characterized by a sensitive eco-system 

Green House Gas(GHG) 
emission (E2) 

3 Using renewable energy related technologies so some 
certain amount of GHG emission was reduced 

Air, land and water quality 
(E3) 

4 water cleaning 



 

80 
 

 

Capturing carbon cash through bioethanol gel stoves 

Dimension Indicator Score Evidence 

Social  Social progress/benefit in 
local community and 
region from an 
intervention (S1) 

2 Relatively reduce greenhouse gas emissions, poverty alleviation and 
improve health and safety to reflect some certain social progress. The 
aim of this outreach was to ensure effective use of the bioethanol gel 
and stoves, to ensure that the gel is being used to support the most 
vulnerable households and to explore suitable alternative 
technologies that may improve livelihoods in Umdoni. 

Contribution to local 
productive activities/job 
creation (S2) 

3 Generated local employment opportunities through gel fuel 
distribution and supported local gel fuel manufacturing. And the 
project reduced the need for firewood and dung collection for fuel 
thus improving sustainability and reducing the time spent on fuel 
gathering, so less time has been spent on firewood collection, freeing 
up time for more productive and less dangerous activities. In addition 
local people are employed by the Umdoni Municipality to carry out 
the monthly distribution of bioethanol gel containers to the 
community. 

Public attitude to the 
intervention(S3) 

4 The technology was decided by community meetings A receptive 
target community of poor households who receive and use the 
ethanol gel stoves and seven litres of bioethanol gel per month. Poor, 
rural households with no grid connection in the Umdoni Municipal 
area in KwaZulu-Natal in South Africa. Female-headed or child headed 
households, as these households (many of which have been created 
by the HIV/ Aids pandemic) are typically most needy and most 
exposed to indoor air pollution impacts and increasing firewood 
gathering costs and dangers.  

Political  Political environment and 
energy targets (P1) 

3 South Africa has an energy policy aimed at providing poor 
communities with at least some access to modern energy  services;  
Well-implemented energy poverty alleviation policies, that is, the Free 
Basic Alternative Energy Policy, in which poor households, not 
connected to the electricity grid,  receive some form of free basic 
energy, in this case, bioethanol gel fuel for cooking 

Effective local energy 
institution or equivalent 
(P2) 

4 A proactive local authority in the form of the Umdoni Municipality and 
its Community Development department which implements the Free 
Basic Alternative Energy Policy. 
 

Transparent and 
accountable multi-
stakeholder process 
utilized in current policy 
formulation (P3) 

2 The periodic carbon audits check whether the carbon emissions are 
being achieved or not, identify any problems being experienced by the 
community (based on sample interviews) and generally confirm that 
the project is carrying on as planned. The audits have identified some 
gaps in the monitoring of gel fuel being delivered compared to the gel 
fuel being supplied by the municipality - these need to be resolved. 
But not for all stakeholders. In the case of the Umdoni project, there 
was insufficient data on fuel usage before and after the intervention 
and not enough information to assess the actual efficiency of 
kerosene versus gel stoves. 

Financial National/regional 
government budget and 
private sector investments 
evidence(F1) 

4 The Umdoni project was fortunate in having pro-active local 
government participation through the Umdoni Municipality 
Community Development Department. The project was further 
strengthened by effective project management carried out by the 
project developer, the Project Preparation Trust, and by the 
involvement of PACE, which manages the carbon revenue 
aspects.*The funding for the stoves has been provided by the Umdoni 
Municipality but the details of amount of funding are not readily 
available 

proportion of combination 
of end-user financing 
mechanism (F2) 

2 N/A 
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Sustainable financing 
structure (F3) 

3 The cumulative carbon credits generated and sold from 2008 to 2011 
amounted to about ZAR 750 000 (Euro 71 000), and 70% or ZAR 500 
000 (Euro 47 000) of this went to the community. The balance of 30% 
was used, as per the agreements, to pay for the services of PPT and 
PACE over the years; The supply of bioethanol gel fuel is sustainable 
as long as the FBAE policy (see Supportive Policies and Institutions 
below) remains in force. The carbon revenue will be used to fund a 
new sustainable energy project which will deliver about 1 000 
efficient wood stoves to the community. But 7 litres just can last for 7 
days per month 

Technical  Technology efficiency (T1) 
 

3 The carbon revenue will be used to fund a new sustainable energy 
project which will deliver about 1 000 efficient wood stoves to the 
community. The higher efficiency of these stoves means less 
firewood, less air pollution, a reduction in CO2 emissions and the 
opportunity to generate additional carbon revenue. 

Technology maturity (T2) 3 Customers just recieveed7 litres monthly, using donor-supplied gel 
stoves, and the gel is a by-product of the local sugarcane industry. But 
limited suppliers of this product. 

Possibility of replicability 
and scaling-up (T3) 

4 There are several other similar projects in Africa, for instance 
CleanStar in Mozambique ("CleanStar," 2012) which appears to be a 
large-scale project. The Umdoni project is highly replicable, and it is 
the intention of the Umdoni Municipality to replicate it elsewhere. 
The project is attractive because it is "green", it has a beneficial 
impact on health – particularly that of women and girl children, who 
are most exposed to indoor air pollution from kerosene or wood 
cookstoves – and it generates some carbon revenue which is put back 
into the community. 

Environmental  Ecological stress(E1) 2 N/A 

Green House Gas(GHG) 
emission (E2) 

4 Gel stoves, which burn bioethanol gel fuel, are intrinsically and less 
polluting than kerosene (paraffin) or wood-burning stoves, as well as 
producing less greenhouse gas emissions because bioethanol gel is 
carbon-neutral: Reduced particulate emissions and indoor air 
pollution thus reducing health problems  

 

Air, land and water quality 
(E3) 

3 Retention of cattle waste on croplands, and associated soil fertility. 
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Off-grid Solar Home System programme South Africa (SASHS) 

Dimension Indicator Score Evidence 

Social  Social progress/benefit in 
local community and 
region from an 
intervention (S1) 

2 The programme delivers socio-economic benefits to households. The 
provision of an energy source that provides high quality lighting that is 
clean and convenient has many positive impacts for rural households. 
It also provides households with energy for radios, charging cell 
phones and a small black and white television. This energy source also 
has positive impacts by displacing other energy sources such as 
candles or kerosene for lighting which can have associated fire and 
indoor air quality risks as well as associated emissions reductions. 

Contribution to local 
productive activities/job 
creation (S2) 

3 From villagers and village chief : Training local technicians to do O&M 
services creates some employment in disadvantaged rural areas, 
reduces the cost of the service and meets the villagers’ expectations 
of getting jobs with the project 

Public attitude to the 
intervention(S3) 

4 The target group are households would not have had electricity 
without the project. 20 000 clients paid the monthly service fee for 
the last six or seven years and the percentage of defaulters appears to 
be no higher than in other similar programmes, indicating an 
acceptance of the technology and the way it is provided.               

Political  Political environment and 
energy targets (P1) 

3 Target to have electricity 92% before 2014 but lack of political will to 
drive the programme. This programme is run by government and 
implemented by private concessionaires. Some concessionaires have 
local stakeholder involvement in their business models. So far the 
rollout has often been delayed by institutional and contractual 
challenges between government and service providers and it is 
unlikely that the target will be achieved within the next years if the 
capital subsidies are not paid and installation rates are not increased 
 

Effective local energy 
institution or equivalent 
(P2) 

2 Payments paid by municipalities are therefore non-existent in some 
areas and in others are made on an irregular basis. The Department of 
Energy does not exert pressure on municipalities to support the 
programme. A lack of communication and honesty between Eskom, 
the municipalities, the DOE and the SHS companies creates a serious 
barrier to accessing reliable information on the extension of the 
national electricity grid. Especially the local councillors need to be 
informed about these plans in order to motivate the people in their 
areas accordingly. The councillors‟ involvement is seen as crucial for 
the openness of households to SHS. The priority list for electrification 
does not change once approved. 

Transparent and 
accountable multi-
stakeholder process 
utilized in current policy 
formulation (P3) 

1 However there is often a lack of transparency in the electrification 
roll-out plans and several concessionaires have experienced the 
arrival of the grid in their concession areas. Unclear whether and what 
kind of on-going monitoring they undertake 

Financial National/regional 
government budget and 
private sector investments 
evidence(F1) 

2 Severe cutbacks in funding available for subsidising new systems and 
delays in awarding new tenders , and 20% of concessionaire  private 
sector investment 

proportion of combination 
of end-user financing 
mechanism  (F2) 

2 N/A 
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Sustainable financing 
structure (F3) 

1 The programme has fallen short of initial expectations and has 
achieved just 10% of the original target of 300,000 installations in 
rural households. The major problem delaying roll-out has been 
government cutbacks in funding for the programme and delays in 
awarding new tenders to concessionaires (private companies who 
deliver). 

Technical  Technology efficiency (T1) 
 

2 N/A 

Technology maturity (T2) 2 Equipment from companies, have issues about install about delivery. 
A major problem that the programme faces is a lack of integration 
with grid electrification planning; Although the SHS technology is easy 
to use, the introduction of PV technology in remote rural areas has 
often been compared to providing space age technology to the least 
developed populations. In many cases the technology gap and the 
problems related to service delivery had not been identified as one of 
the potential major barriers to successful implementation and social 
acceptance. This knowledge gap extends into two directions. The 
service provider does not understand the needs and conditions of the 
customers and the customers do not understand the technology and 
the often complicated agreements that go with it. The methods for 
supplying the technology, negotiating government subsidies, etc., are 
not simple and have led to widespread uncertainty. 

Possibility of replicability 
and scaling-up (T3) 

3 It has strong potential for both replicability and scale-up. The 
concession approach and the free-for-service model are replicable in 
any rural area without grid electricity supply. 

Environmental  Ecological stress(E1) 2 N/A 

Green House Gas(GHG) 
emission (E2) 

2 This energy source also has positive impacts by displacing other 
energy sources such as candles or kerosene for lighting which can 
have associated fire and indoor air quality risks as well as associated 
emissions reductions. The rural nature of the areas in which SHS's are 
located also creates challenges in terms of installing and maintaining 
systems.  

Air, land and water quality 
(E3) 

2 There are also environmental issues such as a positive impact on 
pollution. Solar home system is an environmentally friendly 
technology 

 

Source: [102] [87] [103] 

Note: As a result of lacking of available information, the scores of some indicators are given 
by personal assumption. To equalization the uncertainty, these particular indicators are 
equalized to the neutral value 2.   
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Appendix 9 Detailed information of China and SDDX programme 

 

 

Source: [144] 

Figure 19 Map of China’s Provinces (in Western Area, Central Area and Eastern Area) 
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Table 26 Rural and Urban Population (Million) 

Year 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 

Urban 172,45 184,95 191,4 201,71 214,8 222,74 240,17 250,94 263,66 276,74 286,61 295,4 301,95 312,03 321,75 331,73 341,69 

Rural 790,14 790,47 795,65 799,01 801,74 807,34 803,4 807,57 811,41 816,26 823,65 831,64 841,38 846,2 849,96 853,44 856,81 

Source: [59] 

 

Source: [43] 

Figure 20 China Energy Consumption and Energy Structure In 2011 
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Rural 859,47 850,85 841,77 831,53 820,38 808,37 795,63 782,41 768,51 757,05 745,44 731,6 714,96 703,99 689,38 671,13 656,56 642,22 
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Table 27 Township Electrification Programme-Overview of Beneficiary Households 

Provinces  People 
electrified by 
PV& PV/Wind  

Households 
electrified by 
PV & PV/wind  

People 
supplied 
by hydro 

Households 
supplied by 
hydro 

People 
supplied 
by SHS 

Households 
supplied by 
SHS 

Total number of 
people supplied 
with electricity  

Total number of 
Households supplied 
with electricity  

Tibet  141,635 28,966 176,824 
(133,072) 

33,680  
(25,341) 

    318,459   
(274,707) 

62,646     
(54,307) 

Qinghai  40,650 8,640     3,200 6,800 72,650 15,440 

Xinjiang 65,237 13,654 5,640 1,500 13,800 2,886 84,677 18,040 

Xinjiang 
Corps 

16,386 4762     5248 4,247 21,634 9,009 

Inner Mongolia 11,369 2,840     6100 1,525 17,469 4,365 
Gansu 37,942 4,165 39,380 5,853     77,322 10,018 

Sichuan 24,900 5,500 338,000 
(81,480) 

75,000 
(18,080) 

    362,900 (106,380) 805,00     
(23,580) 

Shaanxi 1,865 520 24,875 6,968     26,731 7,488 

Chongqing     234,720 
(59,940) 

83,351 
(26,472) 

    234,720 (59,940) 83,351     (26,472) 

Yunnan     12,807 2,258     12,807 2,258 

Jiangxi     16,100 3,983     16,100 3,983 

Hunan 420 100 71,900 18,000     72,320 18,100 

Total Planned      920,246 230,593     1,317,789 315,198 
Total 
Accomplished 

340,404 69,147 445,194 108,455 57,148 15,458 842,737 193,060 

Note: Numbers in brackets are real accomplished data. But the data without brackets means targets were met. That is, the gap between real achievement 
and target is indicated in the table above. Source: [78]
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