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1 ABSTRACT 

Renewable energy (RE) mini-grids have been employed for village electrification for a number of 
decades yet on a largely individual, system by system case, with very few examples of large scale 
programmatic deployment. Furthermore, many of the systems installed have struggled to show long 
term viability, particularly financial but also technical and managerial. Part of the reason for this is 
that they have tended to be directly compared to devices (eg solar lanterns) and Home Energy 
Systems (eg solar home systems) on a capital cost basis alone without sufficient regard for the 
relative quality and quantity of the supply delivered. This has resulted in cost cutting which has led 
to systems which are unable to provide the service quality consumers desire, hampering revenue 
collection and often leading to prohibitive O&M costs.  

The ADB is currently managing a regional technical assistance (TA) package promoting mini-grids as 
part of its Energy for All initiative. One component of this TA specifically focuses on the development 
of mini-grids in Asia and the Pacific and piloting new and innovative models and implementation 
mechanisms for scaling up community level RE systems. This report, The future of mini-grids: from 
low cost to high value is the first outcome of this phase of work. 

The report contends that there exists a number of key and critically interrelated structural barriers 
to the large scale deployment of mini-grids at both the Program level (associated with achieving 
standardized and streamlined procurement, system establishment and governance process, and 
optimising overall project development to facilitate ready access to suitable finance); and 
Village/System level (associated with achieving appropriate consumer consultation, hardware 
selection and integration, and developing effective O&M structures). The sustainability of systems 
depends on finding responses to all of these barriers, and ensuring they are focused at the 
appropriate level of scale. 

To develop mini-grids from bespoke, one off deployment to large scale, programmatic deployment 
first requires that issues of cost be placed within a more holistic assessment of the quality and 
quantum of energy supply delivered. Mini-grids are capital cost intensive, yet as they are also 
capable of providing high quality, surplus supply as opposed to simply substitutional supply, they 
must be recognized as having a far greater potential impact on energy access and economic activity. 
Responses to the identified barriers then have to be developed and integrated into standardised 
project delivery structures which can ensure systems reliably deliver the intended services, can 
demonstrate the necessary technical robustness and are duly supported and managed.  

A significant shift in focus also has to occur regarding the scale of the intervention. Systems should 
no longer be considered in isolation but as operationally related clusters, aggregated according to 
geographic proximity in order to achieve locally, a scale of supply, demand and activity which can 
positively impact on their aggregate economic feasibility. This approach will allow economies of 
scale to be realised through the responses to the barriers at both the Program and Village/system 
levels. 

The report concludes that a viable, replicable and scalable model for mini-grid deployment would 
necessarily display the following characteristics: 

 An ability to bring together both public and private finance to single points of activity 
optimised to country specific requirements, at a scale that reduces transactional costs;  

 A capacity to tailor technical solutions to variable demand, environmental contexts and 
resource availabilities; and to design, build & supply generation and distribution equipment 
able to maintain the delivery of high quality services throughout the design life at least cost; 

 An ability to optimise supply chains, and the flexibility and capability to manage O&M risk 
and optimise O&M service delivery; and  

 The capacity to aggregate consumers at a level that can significantly reduce supply 
administration costs and build guarantee structures for a high risk consumer base. 
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3 EXECUTIVE SUMMARY 

In areas where grid extension is not an option renewable energy mini-grid systems represent a 
viable technical solution with the potential to supply electrical power of equal availability, quality, 
and reliability as the conventional grid. Such mini-grids have been deployed for village electrification 
for over thirty years yet they remain a marginal option, principally due to a number of key, 
interrelated structural barriers around governance, finance and supply chains that have yet to be 
fully resolved and despite some promising examples over the recent past there is still no sure route 
to their scalability.  

The Australian Government through Australian Agency for International Development Aid (AusAID) 
has supported the ADB with funding for a Technical Assistance project to develop viable 
implementation mechanisms for scaling up community level renewable energy systems. The first 
outcome of this support has been the development of a report seeking to identify the barriers to 
scaled deployment of mini-grids and potential alternative models of delivery. 

A review of current practice indicates that current comparative assessments of the supply options 
available for increasing energy access in underserviced communities do not adequately consider all 
the aspects of cost and service quality in an integrated manner. Hence, solutions that offer 
substitution type service delivery (eg replacement of a kerosene lantern with a solar lantern) are 
compared on capital cost per consumer basis alone to mini-grid system that can offer surplus supply 
and greater levels of availability and flexibility, and often lower LCOE costs.  

One perverse outcome of this overriding focus on capital cost is that the mini-grid sector has 
attempted to downscale systems in an effort to match the capital costs of substitutional supply 
solutions; and in doing so reducing the quality of service delivered (availability and reliability as well 
as quantum), and thereby undermining the prime value proposition of mini-grids which is: high 
quality, surplus supply.   

It is clear also that the viability of mini-grids is still largely modeled around individual systems in 
isolation and that this is both unnecessary and distracting. The performance of individual systems is 
critical, yet the number of people and communities still be electrified in South Asia alone defies this 
disaggregated model as does, arguably, the socio-economic circumstances of many of the regions 
isolated, rural communities. It can also be contended that this approach fails to align with the 
financial imperatives of the very private investors the sector is trying to attract, that is: scale. 

This report contends that any viable scaled mini-grid program structure needs to demonstrate a 
means of aggregating systems locally in order to build efficiencies in planning and financing, program 
administration, equipment supply, and operation and maintenance services; and that only by doing 
so can real scale be achieved. And necessarily underpinning that scale is the required ability of 
programs and individual systems within them to demonstrate that they are: technically stable, 
provide a reliable supply, can therefore ensure sustained revenues, and consequently that they are 
financially viable.  

Real scale is also needed to build the capacity of the sector to be able to actually deliver on this, to 
get new private enterprises involved and attract both public and private investment so as to drive 
the establishment of large numbers of systems delivering quality services to large numbers of 
consumers, requiring numerous enterprises to supply, build, operate and maintain them. 

Key to such a program is the creation of an operational framework which can guide the delivery of 
all the various outcomes required. Thus, an effective individual system implementation and 
management structure is needed which can ensure the services delivered by systems can maximise 
the revenue potential from their consumer base (meet demand) and sustain this over their 
operational life. Also key is an effective multi-system implementation and management structure 
which can realise economies of scale for system supply, construction and O&M, and coordinate 
regionally associated systems in order to optimise service delivery and maximise revenue 
potential—regionally—whilst ensuring sustainable livelihood opportunities for consumers and 
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communities. And, as scale inherently demands coordination, so an integrated program delivery 
structure is also required to direct project planning and deployment, leverage greater access to 
finance and reduce project development costs. 

Framing the requirements in this way, and reflecting on past experience, it is clear that a number of 
key structural barriers exist to electrifying remote and underserviced communities using mini-grids, 
which impede the establishment of such structures. These barriers, which exist at both the individual 
village/system level and at the program level do not exist in exclusion to each other but are 
interrelated and as such must all be addressed in order to avoid system and program failure.   

3.1 VILLAGE/SYSTEM LEVEL BARRIERS 

At the village level the key barriers that need to be addressed centre around ensuring systems have 
the required capacity to support new and existing livelihoods (domestic and productive) and 
therefore drive demand; the technical robustness to maintain a reliable supply; and are 
appropriately operated and maintained to achieve this. Specifically, there is a need for:   

Community planning. Effective and inclusive community consultation during system 
planning is critical in ensuring systems meet people’s actual energy needs and livelihood 
aspirations, can support economic development and leverage people’s maximum willingness 
to pay;  

System design, technology selection and integration. Best-practice, high quality system 
design processes and technology standardization is required to ensure systems are robust 
and capable of meeting demand over their life without significant failure. Reliability of 
supply is also critical to ensuring both revenue and cost estimates are realized; and,  

Operation and maintenance. Adequate planning for and guaranteed access to effective 
operation and maintenance services is essential for ensuring reliable supply which is key to 
supporting local economic development, consumer demand and by extension system 
revenue over their life, with systems designed to facilitate this in a cost effective manner.  

In short, individual systems must be able to demonstrate they are technically stable, provide a 
reliable supply, can therefore ensure sustained revenues, and consequently maintain their financial 
stability within the overall business enterprise in which they operate. Critically, a viable and effetive 
response to community planning, will lead to quality, value driven system design, which in turn 
allows for effective operation and maintenance. 

3.2 PROGRAM LEVEL BARRIERS 

A scaled program cannot succeed where the barriers facing the success of individual systems have 
not been addressed; however, effectively moving to scale brings a new set of barriers which also 
need to be addressed. These barriers can be broadly categorised into three areas: 

 Governance  

 Supply Chain  

 Finance 

Properly formulated solutions addressing the issues at the village level will help address these, which 
relate to accessing suitable levels of finance; establishing supply-chains appropriate to remote 
locations and large scale deployment; and building functional and sustained governance structures 
to safeguard and ensure revenue collection within and across systems. Specifically, there is a need 
to:  

Build supply-chains. Meaningful cost reductions in both hardware and O&M can only come 
about through the development of supply-chains which can effectively service a large 
procurement program.  
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Establish governance structures. Functional and sustained governance structures need to be 
established to safeguard and ensure revenue collection within and across systems, to 
demonstrate a high level of fiscal accountability, and to achieve optimal management of a 
mini-grid system enterprise. And, 

Access suitable finance. Remote village electrification can be classified as a traditional public 
sector activity driven by public investment. The failure of governments to deliver modern 
electricity services to the region’s remote communities does not therefore absolve them of 
responsibility and public sector investment is still needed to help leverage private sector 
investment and lower the risk profile of mini-grid projects. That said private investment will 
only be attracted where there are effective and sustainable governance structures 
supporting systems, streamlined supply chains, and processes in place to ensure individual 
systems are designed to be technically stable, provide a reliable supply that meets actual 
demand, and therefore ensure sustained revenues. 

3.3 TARGETED RESPONSE TO BARRIERS 

While the barriers identified at both the community and program 
level are each significant in their own right, overcoming those 
barriers is made easier when they are tackled in a coordinated and 
cohesive fashion. In particular when they are tackled at the 
appropriate level: 

 Effective village level planning leads to clear identification 
of demand; 

 Regional level management of construction and O&M can 
achieve greater cost efficiencies while also maintaining 
targeted and appropriate design 

 Program level approaches to procurement and finance 
ensure both lower transactional costs and optimized risk 
sharing 

3.4 CHARACTERISTICS OF A VIABLE PROGRAM 

While many different approaches currently exist to the deployment of mini-grids, it is self-evident 
that none have sufficiently addressed all of the identified barriers such that they have been able to 
be reliably and effectively replicated at scale. Notwithstanding this, it is possible, by understanding 
both the causes of the various barriers and the extent to which they are impacted by a greater or 
lesser extent to scale, to define the characteristics that would be evident in a viable, replicable and 
scalable model. These characteristics include: 

 An ability to bring together both public and private finance to single points of activity, to 
optimise this finance structures to country specific requirements, and to mobilise finance at 
a scale that significantly reduces the associated transactional costs;  

 A capacity to tailor technical solutions to variable demand and environmental contexts and 
resource availabilities across various geographic and environmental conditions; and to 
design, build & supply generation and distribution equipment able to maintain the delivery 
of high quality services throughout its design life at least cost; 

 An ability to optimise supply chains, and the flexibility and capability to manage O&M risk 
and optimise O&M service delivery; and  

 The capacity to aggregate consumers at a level that can significantly reduce supply 
administration costs and build guarantee structures for a high risk consumer base. 

3.5 EXISITING APPROACHES 
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There are a number of approaches currently taken to mini-grid deployment, each differing 
principally by the nature and experience of the lead proponent. Proponents of a mini-grid program, 
and key participants in any deployment of mini-grids, can be broadly categorized as either:  

- Financers (both private and public, grant, debt and equity),  
- Those working with Supply Chains (technology providers, construction companies, 

engineers), or  
- Consumers (including individual consumers, co-operatives, and facilitating NGO’s).  

3.5.1 FINANCE SECTOR APPROACHES 

A finance sector approach involves one or more finance providers creating a fund for the purpose of 
providing finance for mini-grid work. The fund may provide money in the form of equity, debt and or 
grants which can be available for any component of a mini-grid program including project 
development, capacity building, and capital for hardware, as a whole or portion of the total cost. 
Being the lead agency they are also responsible for project development and Supplier partner 
selection. Finance providers display the following general charcteristics: 

Position: Access to finance and ability to establish purpose-built financial instruments.  

Motivation: Maximising financial—and possibly social—returns on their investments. Finance 
providers (banks, governments, MDBs, philanthropic donors, social investors etc) who want to 
fund mini-grid projects will only do so within a specific investment framework usually defined 
around a minimum (usually large) scale and an ability to share (and mitigate) costs and risks.  

Strengths: Intimate knowledge of financial tools and fund creation and management, and 
capacity to mobilise and bring together funds to single points of activity. 

Weaknesses: Fixed and relatively high transaction costs; and no real flexibility or capacity to 
effectively relate to large numbers of end consumers. 

3.5.2 SUPPLY SECTOR APPROACHES 

A Supply sector approach involves a hardware (or service) supplier developing mini-grid projects and 
a business model for building/operating them, for which they then seeking funding from Finance 
providers. A main driver for a Supplier developing projects itself is a need to build business for their 
products and services, though this is not necessarily exclusive to a motive for positive social impact. 
As hardware suppliers (as well as suppliers of associated services), Suppliers are more often than not 
technology focused, many having evolved from a technology developer to a seller of that technology 
and subsequently, a deployer of that technology, usually due to an absence of any other external 
project developer. As such, Supplier led project development is usually driven by a need to fit 
projects and project funding to technical prerequisites rather than purely objective assessments of 
local/regional energy needs and best-fit solutions.  

The Supply sector approach is the most widely proposed for a large scale mini-grid program, largely 
due to the fact that Suppliers are the most active within this space, can show some relation to both 
Finance providers and Consumers, and can leverage private sector investment in addition to grants 
and subsidies. Suppliers display the following general charcteristics: 

Position: For profit technical supply capacity of hardware and associated services, including 
O&M.  

Motivation: Maximising returns to their business through the sale of goods and services and 
the development of opportunities to do so. 

Strengths: Technical development and marketing, system design, equipment supply, and 
provision of O&M services. 
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Weaknesses: Often technology driven/focused; not necessarily interested in project 
development beyond generation of sales opportunities. Not necessarily interested in ongoing 
system management due to its low margins and high risk relative to hardware sales.  

3.5.3 CONSUMER/COMMUNITY APPROACHES 

Consumer (usually at the level of a community) led mini-grid projects are historically very common, 
representing a large proportion of past and existing systems. Individually, consumers are not 
interested in program delivery structures or any particular supply technology, they simply want 
energy services that are reliable, convenient and can meet their needs. However, in the absence of 
any government or private sector initiative to provide them with these it is often they, and the 
development organisations that work with them, that drive a mini-grid project. 

The majority of community sector mini-grid projects have been grant funded through donor 
agencies, some through Government programs and a few through hybrid private sector investment 
arrangements or direct lending from local financial institutions. More often than not community led 
projects, particularly those that are grant funded, involve NGO/community groups facilitating 
funding from donors, governments and lenders for the establishment of a mini-grid, with the local 
community often not a party to the transactions at all due to concerns about fiscal propriety and 
management.  By and large, the primary motive of grant funding community led mini-grid projects 
by both government and donor agencies has often not been the electrification of a single village or 
two, but the demonstration of the technical, social and or financial models for doing so; the purpose 
being to incentivise and educate the broader remote electrification sector and spur greater 
involvement by the private sector in this space. As mentioned in previous sections of this report, this 
type of funding is now becoming increasingly scarce due to the failure of these largely individual 
projects to effect such change and development, as well as a failure of most of these systems to 
prove themselves to be economically viable. Consumers display the following general charcteristics: 

Position: Consumers need and want improved power supplies to provide improved energy 
services.  

Motivation: Development of domestic living conditions and economic opportunities. 

Strengths: Both a demonstrated capacity and willingness to pay far in excess of standard, urban 
tariff models for (improved) quality energy services; intimate knowledge of demand 
requirements; and local capacity to aggregate demand.  

Weaknesses: Large numbers of disparate individuals presenting revenue potential with high 
administration costs and high perceived risk of default. 

3.6 RECOGNISING WEAKNESSES - PLAYING TO STRENGTHS 

As noted, all participants within the mini-grid sector have their own particular motivations, strengths 
and weaknesses, and although each operates with the best intentions, often their ability to break 
through some of the barriers is impeded by their 
relationship or position relative to the barriers. Critically, 
few if any, of the existing participants have the capacity to 
aggregate demand at scale. 

An effective alternative approach would facilitate each 
participant playing to their strengths, resolving those 
barriers that they best understand while partnering with 
others that complement their respective weaknesses. For 
instance: 

 Finance providers can aggregate and organise 
finance at a large scale;  
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 Suppliers can develop technical solutions to variable demand and environmental and 
resource contexts and build effective supply chains; and,  

 Consumers can aggregate themselves locally to reduce administration costs, while ensuring 
effective revenue streams to support the finance model;  

The intersection of capability and motivation is the area in which there exists the greatest potential 
for a viable model to be developed. Past experience suggests it is necessary to ensure that this space 
is actively facilitated to ensure no one group is marginalised and individual strengths and capacities 
are recognised on an equal footing. 

A key component of this alternative approach, which builds on this idea of aggregation, is the 
promotion of an aggregate ownership and management model, based on the concept of clustered, 
mutually supportive systems. Such an approach provides opportunities for maximizing the domestic 
and productive impact of mini-grid systems—and thereby revenue—building the viability of systems 
together and widening the scope of viability assessments to an aggregate level across larger, multi-
system enterprises. Such an approach can allow the financial risk of all the individual systems to be 
pooled and spread across multiple low revenue assets, internal cost sharing to take place across the 
asset base and potentially even cross-subsidisation, and consolidation and rationalisation of 
resources for the operation, maintenance and management of systems.  It also provides an 
opportunity to facilitate greater integration between the enterprises supplying and operating 
systems and local communities and their economies.  

3.7 A POTENTIAL PROGRAM STRUCTURE 

Drawing on the characteristics of viability, coupled with the capacity assessment of existing sector 
participants, it is possible to begin to define an alternative approach to the large scale deployment of 
mini-grids. 

This approach, notionally called an independent aggregator approach, employs a private sector led 
ownership and management model with a hybrid financing structure to achieve an attractive 
investment profile for both Finance providers and Suppliers with good service outcomes for 
consumers.  What it attempts to do is bring the specific strengths and capabilities of Finance 
providers, Suppliers and Consumers together within a programmatic framework facilitated by an 
independent program management facility, where each actor is assigned and assisted to fulfill those 
roles to which they have specific competency.  In this way each required activity is undertaken to the 
greatest effect and the operation of the program is optimised.  Thus, at a general level, Finance 
Providers are tasked to arrange a financing structure, Suppliers are responsible for ensuring the best 
technical solution is installed in each village, the local aggregating capacity of consumers is leveraged 
and the benefits of community inclusion in demand assessment and local governance fully realized. 

The approach is termed “independent” due to the role of the Project Management Facility, an 
independent entity inserted into the mini-grid operating environment as an additional actor with a 
set of roles and responsibilities that cover areas none of the three existing actors adequately fulfill 
(eg project development), while also facilitating effective and productive relationships between the 
other three actors. The approach is also termed an “aggregator” in that it seeks to aggregate finance 
to a scale that can significantly reduce transaction costs, making it cheaper and easier for Suppliers 
to access finance; and aggregate consumer demand such that the administrative costs of servicing 
them is significantly reduced.  

The program structure proposed identifies the particular roles and relationships required in order to 
determine who is best suited to carry them out and how they relate to one another. It is intended as 
a tool to assist in the development of a large scale mini-grid program, be it based on an existing 
program, business or project, or building up something from scratch.  

In conclusion, the deployment of mini-grids at scale is necessary, as is a program framework to drive 
and achieve this. Furthermore, piloting at scale is also required both to verify and stress test the 
underlying assumptions of the proposed program structure/s, as well as to measure and assess key 
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assumptions around the potential cost impacts of scale.  A minimum project size of fifty villages is 
proposed as a nominal starting point for any scaled pilot program with a total budget including full 
capital, development, program and administration costs of ~USD $20million.  

Finally, it must be understood that the end implementation will not look the same in all regions, 
however, that said all the core elements of a program should share a common set of objectives and 
must be: 

 Planned and coordinated; 

 Structured; and, 

 Delivered in an integrated manner. 

Importantly the focus must be on achieving higher value NOT lowest cost outcomes. 
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4 GLOSSARY OF DEFINITIONS 

Clustering: Clustering refers to establishment of mini-grids within/for villages which lie in close 
proximity to each other. The purpose of clustering is two-fold: to reduce the costs associated with 
project development, community planning, supply and installation, and O&M, by co-locating 
hardware in villages which display relatively standard social, economic and geographic 
characteristics; and to significantly increase the availability and diversity of energy services within a 
given area as a means of spurring the development of local economies, the productive uptake of 
energy from consumers, and overall/aggregate demand, thereby maximizing revenue potential 
across all the systems and the area as a whole. 

Consumers: Those at the end of the line who will pay for the supply of electricity. Some consumer’s 
needs are limited to domestic consumption while others are purely productive. It is generally 
accepted that as people’s livelihoods improve and their economic capacities rise, their demand for 
energy services, regardless of what these are, will rise, and will rise more steeply the lower down the 
demand curve they are. 

Demand curve: The demand curve describes the level of electricity consumption a ‘typical’ 
household identifies as its current need. This is informed by its own perception of paying capacity 
and willingness to pay, which relate in turn to its livelihoods and aspirations. The demand curve is 
representative of an averaged aggregate demand at the household level, across a community. It 
rises rapidly as basic needs are met, continues to rise quite sharply as income increases and patterns 
of consumption change, before slowly tapering off to urban levels. 

Electricity mini-grid:  Electricity mini-grids comprise of a central power generation plant connected 
to an independent electricity network (grid) by which electricity is distributed to consumers. 
Depending on location, demand and fuel/resource limitations, electricity mini-grids can supply either 
a single village, or households and businesses across a number of villages. Electricity mini-grids can 
be powered by either diesel generators, renewable energy (RE) technologies (solar, hydro, wind, 
biomass or a combination of these), or hybrid generation arrangements combining one or more RE 
technologies and a diesel generator(s). Within the context of this report, the term mini-grid should 
be read as meaning RE or hybrid mini-grid, unless otherwise stated. 

Finance providers: Any agency, institution or individual who has an interest in making funds 
available for mini-grid work either for financial or social return or a combination of both. These can 
include multilateral development banks, national governments, multilateral and private lending 
institutions, private investors of all stripes (angel and impact investors etc), philanthropic 
organisations, as well as more mainstream private finance bodies. 

Home energy system:  Home energy systems are generally either very small (pico) hydro systems, 
typically of a few hundred Watts capacity, or solar home systems (SHS). SHSs are the more common 
and are comprised of a solar module which can range from 35W up to and above 120W, with a small 
charge controller and battery.  

Mini-grid operating environment:  Refers to the arrangement of relationships between all 
participants within the mini-grid sector who can generally be categorized as either: finance 
providers, suppliers, or consumers. 

Mini-grid program:  Refers to a planned, structured program of deploying mini-grids for village 
electrification at scale, using standardized, pre-approved processes as a key tool for driving down 
administrative, operational and hardware costs, reducing risk and improving end outcomes for 
consumers, suppliers and finance providers. 

Operation and Maintenance (O&M): Refers to the agreed activities, beyond initial construction, that 
are required to keep a power system operating reliably and efficiently. Many of the activities require 
lower level technical skills, while some require high levels of technical proficiency. The activities are 
generally undertaken on a predetermined periodic basis, with processes in placed for unplanned 
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works. In some circumstances the O&M is completely outsourced, while in other cases portions of 
works remain the responsibility of local users.  

Project development: Refers to the scoping and other related preliminary works and assessments 
required to identify specific sites/villages where mini-grids can be deployed and which match 
predetermined program parameters. 

Project Finance Agreement (PFA):  A standardised agreement by which investment in a special 
purpose mini-grid fund can be made by various public and private parties, in which is detailed the 
specific purpose of the fund, and the various determining criteria a Project must meet in order to 
receive funding from it.  

Project Implementation Agreement (PIA):  One of the proposed characteristics of a viable large 
scale mini-grid program is the aggregation of large numbers of consumers within standalone projects 
which should be operated as standalone businesses or business units.  These projects (and those 
tendering for them) would need to the meet minimum financing and operational criteria including 
parameters around hardware costs, ROIs and debt servicing arrangements, as well as required 
technical and administrative capabilities, in order to be eligible to receive investment from the local 
special purpose fund. Businesses that successfully tender for projects would receive funding through 
a project implementation agreement (PIA), a standardised financing instrument developed as part of 
the overall program development process and forming a legal subset of the overarching PFA.  

Project Management Facility (PMF):  One of the key outcomes of this report is the conclusion that a 
mini-grid program led by either one of the three main actors within the mini-grid operating 
environment is limited by the capacities of any one of these actors; and proposes a partnership 
structure between the three actors that is facilitated by an independent project management facility 
(PMF). The PMF’s role would be to carry out those activities for which none of the main actors are 
particularly suited to (or interested in), and to provide overall management of the program. 

Remote communities:  This report uses the term Remote Communities to describe those 
communities for whom the extension of the main grid is either not technically feasible or not an 
economically viable proposition (at least for the next 15-20 years or so), and who therefore must 
access their energy from alternative sources, including mini-grids. Of itself, this exclusion denotes 
some specific characteristics to these villages, which can be further defined within the regional 
South-Asian context, on which this report focuses. Generally, these communities, the remote Base of 
the Pyramid, can be defined by predominantly informal economies and subsistence livelihoods while 
also: being physically remote from goods and services and markets, as well as financially and socially 
remote; having very limited employment and market development opportunities; and having 
historically poor relationships with state and central governments. 

Remote village electrification:  Within this report the terms village electrification, remote village 
electrification, or variations thereof, refer specifically to the establishment of independent electricity 
generating and supply technologies within villages which currently lack such infrastructure and 
services. 

Scale:  Where the term scale is used in this report it should be read to indicate the electrification of 
large numbers of remote villages/communities across South-Asia using mini-grids, presumably (and 
hopefully), through a structured, managed program. Large numbers of villages means at least in the 
hundreds. 

Small lighting device:  Small lighting devices largely relate to technologies such as solar LED and CFL 
lanterns which contain a light source, battery and charge controller, and a PV cell that is either 
integrated into the unit itself or comes separate and plugs into the lighting unit for charging 
purposes. Many new devices include a mobile phone charging port. 

Special purpose (mini-grid) fund: This report proposes that a precondition of a viable scaled mini-
grid program is the aggregation of large and variable sources of project financing into country 
specific special purpose funds which can then disburse to individual projects. The purpose of the 
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fund is to reduce the aggregate transactional costs of individual investments to a significantly small 
proportion of the total fund capacity through the establishment of a standardized project financing 
agreement (PFA), supported by a standardised project development and approval process. It is 
proposed that any one fund should have a capacity of over USD $100M, with a minimum investment 
threshold of USD $10M per project.  

Structural barriers:  Within the context of this report the term Structural Barriers refers to a specific 
set of high level issues which impede the deployment of mini-grids by way of negatively impacting 
either the viability of individual systems or the ability to build viable business models around larger, 
multi-system programs. At the individual system/village level these relate to the adequacy and 
appropriateness of the structures and processes deployed for community planning, design and 
hardware, and operation and maintenance. At a program level these relate to governance, supply 
chains and finance. The structural barriers at the village level are interrelated to those at the 
program level and all need to be addressed in order to achieve viability.  

Substitutional service models: Substitution type service models are those that replace one supply 
solution with another, generally improved option which meets a particular service need, eg, a small 
solar light replacing a kerosene wick lamp. The differences between the two options are commonly 
around cost (LCOE), reliability and safety. This is an outcome based approach where the desired 
impact is generally well defined, though usually restricted. 

Suppliers:  Companies and organisations that sell hardware and/or services related to independent 
energy generation and distribution. Within South Asia this covers a mix of for-profit traditional 
businesses, commercial arms of community development organisations, and some community 
development organisations themselves. And although generally not present, it should also include 
larger international engineering, procurement and construction firms, and energy suppliers and 
retailers with the resources to participate in the mini-grid sector. 

Surplus service models:  Surplus type service models are those that aim to meet existing energy 
service needs within a community or locality with additional capacity either installed or readily 
added to meet further demand as it develops. The quantum of energy able to be accessed by a 
consumer each day and the community in aggregate is the primary variant between substitution and 
surplus type service models. Electricity mini-grids are the only supply option that meets the 
requirements of a surplus model.  
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6 INTRODUCTION 

 “And God said, 'Let there be light' and there was light, but the Electricity Board said He would have 
to wait until Thursday to be connected.”  Spike Milligan  
 

The modern electricity network was first developed in the United States in the late 19th century and 
has since spread across the world, powering industry and economic development that has resulted 
in massive improvements to the living conditions and employment opportunities of large sections of 
the world’s population. Almost a century and a half later, however, and more than 1.4 billion people 
are still waiting to be connected. Across Asia and the Pacific alone, more than 700 million people are 
still waiting for access to modern electricity, now widely accepted as essential for the development 
of local economies and improving the quality of life and economic potential of communities and the 
individuals within them.  

Many of the world’s unconnected villages are slated for grid-connection at some time in the future, 
yet a significant number of these are too remote for grid-connection to ever be a technically or 
economically feasible option. Distributed energy solutions do exist as an alternative for these 
communities, yet their adoption and deployment is often impeded by a variety of barriers which 
have yet to be adequately and comprehensively addressed. Of the different technical approaches 
available to increase access to energy in these communities this report looks specifically at the role 
of electricity mini-grids. 

Mini-grids can offer a level of service comparable to grid power and therefore represent an ideal 
outcome for remote consumers, yet they remain a poor cousin to their more commercially 
developed device and home energy system counterparts which, while offering lower levels of 
service, are easier to manufacture and supply in large numbers at a cost generally within the existing 
paying capacities of consumers in remote communities. With higher capital costs and more complex 
delivery and O&M requirements, the potential of mini-grids to significantly impact the access to 
energy scenario across the energy poor regions of Asia has not yet been able to be realised. 

This report provides an overview of the potential role electricity mini-grids can play in providing such 
communities power, and the opportunities and challenges associated with realising this potential.  

It begins with an identification of the context in which mini-grids are deployed, the purpose to which 
they are best suited and how mini-grids should be deployed to achieve the greatest impact in terms 
of improved living conditions, better communal facilities and economic development through the 
creation and support of new and existing livelihoods. 

The structural barriers to the deployment of mini-grids are then detailed and the characteristics of a 
viable model for their deployment identified, following which a capacity assessment is presented of 
the common approaches taken, with a number of supporting case studies made available in the 
appendices at the end of the report. 

A way forward in deploying mini-grids at scale is then proposed based on a strength-based or 
collective action approach to programming. This recognizes that an effective model is needed which 
facilitates participants to play to their strengths in partnership with one another, each resolving the 
barriers they best understand; and that facilitated engagement at the point of intersection of these 
strengths is required. 

 

 

  

http://www.brainyquote.com/quotes/authors/s/spike_milligan.html
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7 THE CASE FOR MINI-GRIDS 

 

7.1 OFF-GRID SUPPLY OPTIONS 

 

For those living in remote areas without access to an electrical grid, options for improving access to 
electricity and its associated services can be grouped into three main categories: small lighting 
devices (portable solar lights but also hand-crank and chargeable units); home energy systems 
(HES’s); and electricity mini-grids powered by renewable energy (solar, wind, hydro) or diesel 
generators, or combinations of both (hybrid energy systems). 

7.1.1 SMALL LIGHTING DEVICES 

Small lighting devices include technologies such as solar LED and CFL lanterns which contain a light 
source, battery and charge controller, and a PV cell that is either integrated into the unit itself or 
comes separate and plugs into the lighting unit for charging purposes. These devices offer a limited 
service—one, often variable, light point and more commonly, a mobile phone charging port—so 
while they can provide substantial improvements over traditional kerosene lanterns or candles in 
terms of quality of light and user safety, and can provide services to aid productive tasks, they have 
no capacity to directly power productive activities.  

Small lighting devices have been successfully implemented 
across Africa and Asia through both government programs 
and private enterprise. These devices are well suited to 
traditional market-based delivery mechanisms, where 
centralized mass production can be linked to effective 
supply chains that can bring in small local enterprises 
located in remote areas, thereby reaching “the last mile” 
and achieving a low-cost solution. Product differentiation 
is typically around cost, build quality and reliability, local 
access to service centres, and sales and marketing models. 
Generally, the most successful—and now predominant—
business models are built around reducing individual unit 
costs to a point which allows individual households to 
purchase devices at the point of sale either outright or 
though ‘pico-credit’ schemes with affordable repayment 
structures. 

This industry is the most active within the off-grid sector, 
continually evolving and innovating but while notable 
commercial successes do exist, margins are so small, 
required sales volumes so high, distribution networks so 
large and credit-scheme enforcement costs spread over 
such large numbers of customers that questions remain over the long-term viability of purely 
commercial models. That said, given the rapid pace of development within the industry, including 
the many innovative linkages and partnerships being explored between technology developers and 
suppliers, micro-finance institutions, and social/community organisations, and the many distribution 
models being trialled, it can be expected that the key parameters for sustainability will soon be well 
mapped out. 

  

7.1.2 HOME ENERGY SYSTEMS 

Image 1: Solar lantern used by a tribal family in 
western Orissa, India. Such devices provide 
safer, higher quality light than traditional 
kerosene lanterns. © CAT Projects. 
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Home energy systems are generally of two types, either very small (pico) hydro systems typically of a 
few hundred Watts capacity, or solar home systems (SHS). Pico hydro systems target run of the river 
resources which lie in close proximity to a consumer and provide power sufficient for one up to a 
handful of households. Pelton wheels are the most common technology utilised for this, however, 
traditional waterwheels are also used, being modified for electricity generation in addition to 
mechanical power which is often drive directly productive activities such as mills (this is especially 
prevalent in the Himalayan regions of India and Nepal).  The cost of establishing a pico-hydro system 
depends greatly on the terrain but is generally much lower than for an equivalently sized SHS.  

SHSs comprise a solar module which can range from 35W up to and above 120W, with a small 
charge controller and battery. The panels and batteries are sized to provide an increasing level of 
service with the smallest systems usually only powering two to three lights for 4-6 hours/day, while 
the larger systems are designed to power up to eight lights and a TV. The larger SHSs in particular 
provide a much higher level of service than both traditional sources (eg kerosene lights) and small 

lighting devices but at a 
respectively higher cost and 
they do not provide power 
sufficient for directly 
productive applications such as 

mills, grinders, or leaf-plate presses.  

SHSs have largely been promoted through subsidized government and donor agency programs, yet 
they have also shown a degree of marketability where there exists sizeable numbers of households 
within a region that are energy poor but not necessarily income poor, such as has been seen in parts 
of Africa.  

One drawback of HESs which is often not considered is that while they can be relatively simple, they 
are costly and complex enough to require system owners to be both consumers and managers of 
their energy supply, responsible for all the operation and maintenance requirements as well as the 
initial purchase price. The longer term sustainability of these systems can therefore be questionable 

Image 2: Small home energy systems can provide a level of energy service suitable for 
domestic and small business needs. This household on the island of Pukapuka in the 
Cook Islands is powered by a ~350W SHS, originally installed in the 1990’s.  © CAT 

Projects. 
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for while their impact on quality of life may be high, their ability to facilitate increased income is not 
assured, potentially compromising users’ capacity to pay the usually unsubsidised costs of operation 
and maintenance and component replacement. 

 

7.1.3 ELECTRICITY MINI-GRIDS 

Electricity mini-grids comprise of a central power generation plant connected to an independent 
electricity network (grid) by which electricity is distributed to consumers. Depending on location, 
demand and fuel/resource limitations, electricity mini-grids can supply either a single village, or 
households and businesses across a number of villages. 

 
Image 3: This 9.65kWp solar PV mini-grid system powers the village of Maligaon in western Orissa, India. Despite its isolation, the 
community has a diversified livelihoods base and a demonstrated willingness to pay for improved energy services: prior to the system 
being established, the people here had an average monthly household expenditure of INR 87 (~USD $2) on kerosene, batteries and 
candles for lighting alone. The system was supplied by Tata BP Solar. All local capacity building, training and the establishment of 
governance structures to support the system were additional to the capital cost of the system. © CAT Projects. 

The most common mini-grid technologies are diesel systems, renewable energy (RE) systems and 
hybrid diesel-RE systems. Diesel mini-grids operate using diesel generators usually without a 
supporting battery bank, providing power to the connected loads for as long as they are running. RE 
systems utilise either solar, wind, hydro or biomass resources to generate power via a variety of 
technologies. Micro-hydro systems capture the power of running water and generate a fixed amount 
of dispatchable power all the time and so do not usually incorporate battery storage. Solar uses 
photovoltaic cells to capture sunlight and convert it to electrical energy, and wind systems capture 
wind poer to do the same. Due to their variable generation, both solar and wind systems utilise 
battery storage to cover periods of non-generation. Biomass technologies—gasifiers and biogas 
digestors—convert biomass into combustible gasses which are then used in generators, either in 
dual-fuel mode where it displaces diesel consumption or in 100% gas mode.  Hybrid mini-grid 
systems meanwhile combine at least two different types of power generation to meet the full 
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demand; usually incorporating one or two renewable energy technologies supported by a diesel 
generator and a battery bank. 

Of the range of technologies available, diesel systems have been the most widely deployed to date 
principally due to their significantly lower capital cost. These lower capital costs do not however 
necessarily reflect the actual levelised cost of electricity from these systems over their operational 
life, which for pure diesel systems is generally higher than both pure RE and hybrid mini-grids. 
(Rolland & Glania, 2011) One reason for this is the relatively high and escalating cost of fossil fuels. 
The other is that the communities where mini-grids most often play a role are generally situated in 
isolated, rural areas, remote from established markets, trade and supply routes, making the supply 
of diesel to these areas costly and difficult. In many places, diesel is not only too costly, it is simply 
impractical. 

Electricity mini-grids represent the upper end of the service spectrum for isolated rural communities 
ineligible for grid-connection, and although typically supply (fuel or resource) constrained, they have 
the potential to provide power of equal availability, quality and reliability as conventional grid 
supply.  

 

 

 

 

In practice mini-grids are notoriously difficult to establish and sustain, and most of the systems 
installed to date provide energy services that are typically limited, thereby negating many of the key 
benefits of mini-grids. Some of the key reasons for this include:  

 the high initial capital costs;  

 the resultant high cost of energy and subsequent tariffs required to cover costs and achieve 
repayment of some or all of the initial investment; 

 difficulties in establishing functional institutional management (“governance”) structures to 
help ensure systems remain operational and revenues are collected over the system life; and 

 technical and social challenges in ensuring equitable access to energy services across 
communities while maintaining a high quality and availability of supply to all residents. 

Image 4: The supply of 
diesel to remote areas 
can be costly, difficult 
and unreliable. The 
use of diesel, or any 
petroleum based 
product also 
introduces a highly 
variable cost of 
generation which can 
be difficult to manage 
within fixed tariff 
regimes. ©CAT 
Projects 
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As will be argued, these issues are compounded by an historic inability to move beyond high cost, 
low efficiency demonstration and pilot systems to scaled programmatic deployment and ownership 
and management models. This has meant that each mini-grid system has largely had to prove its 
viability in complete isolation, ignoring the potential benefits of diversified supply and cost-sharing 
opportunities across multiple associated (clustered) systems in an area.  

 

 
Image 5: One major component of the capital cost equation of mini-grids is the power distribution network, which can account for up 
to 20% or more of total costs. PDN costs can be readily defrayed by using cheaper materials and designs, however, reliability, safety 
and operational life all need to be properly considered alongside capital cost and it can be argued that investing in a high quality 
upfront results in lower overall cost. © CAT Projects. 

 

 

 

 

7.2 UNDERSTANDING THE SERVICE ASPECTS OF DEMAND 

 “…electricity is not in demand for its own sake but because it satisfies demands for other 
goods and services…” (ESMAP, 2002) 

 
It stands to reason that people do not want electricity per se but the services it can provide such as 
lighting, cooling, phone charging and water pumping; what is referred to as Derived Demand.  

Depending on people’s livelihood patterns (what they do, where they live, how they live) and their 
aspirations, their service needs and wants can be assessed with reasonable accuracy in consultation 
with individual consumers and summarized in an energy budget: e.g. so many hours of lighting with 
so many lights, so many hours of fan use, etc. Device consumption rates can then be applied to 
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quantify the daily energy demand in Watt-hours per day (Wh/day). Due to the highly seasonal 
nature of people’s usual primary livelihood activities in these villages (i.e. agrarian) the energy 
services people want and need will vary, if not from month to month, then season to season, as 
potentially will the overall quantum of energy.   

Assessing the raw quantum of energy is relatively straightforward then, but given that people often 
already pay significant amounts for energy services it must be assumed that what they want next are 
better services than those they are currently accessing: that the quality of light is better, there is less 
indoor pollution, less risk of fire etc., in short that in addition to increased amounts of energy they 
want improved quality, reliability and flexibility. A reliable daily supply of electricity allows people to 
plan their activities to use it most efficiently on those services they want and need on a day to day 
basis.  

This flexibility in how the energy can be used provides people with the starting point for planning 
and developing new productive applications of their energy. Dependability and reliability mean 
people can structure their household budgets based on known costs. The ability to deliver services 
of the demanded quality is what will determine the ability to leverage the maximum revenue 
potential from consumers: their maximum willingness to pay. It will also provide the greatest means 
of increasing the demand (and hence revenue) of these consumers. 

Experiences from rural electrification programs (grid and mini-grid) around the world have 
reinforced the importance of this message: people want and are willing to pay for an energy supply 
that is sufficient to meet their livelihood needs and aspirations, but value at least equally the ability 
to reliably access this energy and use it for purposes they determine as the need arises. 

Figure 6-1 shows an approximation of the demand curve of electrical energy extrapolated from 
direct and anecdotal evidence from a range of mini-grid projects around the world. It describes the 
level of electricity consumption a household identifies as its current need, which must be informed 
by its perception of paying capacity and its willingness to pay, which in turn relate to its livelihoods 
and aspirations. The term stage of development refers to the broader status of development within 
the community as it translates to energy demand. This is most often characterized by the level of 
mechanization and industry in a village given that ‘industrialization’ is a reasonably reliable proxy for 
development. The demand curve is therefore representative of an averaged aggregate demand at 
the household level, across a community. 

 As can be seen, the demand curve rises rapidly as basic needs are met, continues to rise quite 
sharply as income increases and patterns of consumption change, before slowly tapering off to 
urban levels (note the log scale of the graph). 
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Figure 7-1: Daily demand vs stage of development  (CAT Projects, 2012) 

 

This demand curve emphasizes the journey communities embark on when they first access reliable 
energy services. This needs to be clearly articulated and understood when discussing appropriate 
solutions and the current and future costs involved. Marginalized communities will remain so if they 
set off on this development path only to be restricted to the lower end of the curve due to the 
inability of their energy service infrastructure to meet their evolving needs, or generate or attract 
additional investment to build additional supply. 

What the demand curve and demand assessment process does not address, however, is the 
question of what constitutes a minimum threshold for energy access. Where a purely economic 
approach is adopted, system capacity will be largely determined by an iterative process of 
comparison between revenue required, tariff levels and individual demand. While generally 
effective, this approach does not necessarily account for social equity considerations such as support 
for the very poor within a community, and given the status of the communities in question, a 
minimum supply requirement is a likely prerequisite for accessing any public sector funds that might 
be available.  

There is, however, no universally accepted minimum threshold for energy access. The IEA at one 
point proposed 100 kWh of electricity and 100 kgoe of modern fuels per person per year as a 
minimum threshold for defining energy access. In its latest proposals, published in conjunction with 
the 2011 World Energy Outlook, it suggested an energy poverty line of 250 kilowatt-hours (kWh) per 
household per year for rural households, and double that figure in urban environments, envisaging 
that it should rise over time to around 800 kWh per household by 2030. While laudable, this purely 
quantum based approach ignores the other, equally important aspects of supply relating to its 
quality. This has been captured by the UN’s high-level Advisory Group on Energy and Climate Change 
which states that “access must be reliable, affordable (the cost to end-users compatible with their 
income levels and no higher than the cost of traditional fuels), sustainable and, where feasible, from 
low GHG-emitting energy sources.” It should also be noted that it believes energy access must go 
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beyond meeting the basic needs and should aim to create improved conditions for economic take-
off, contribute to attaining the MDGs and enable the poorest to escape poverty. (UN-AGECC, 2010).  

When it comes to determining individual consumer demand allowances and overall system capacity 
then, both quantum and quality of supply have to be considered equally. 

 

7.2.1 WHAT DO PEOPLE VALUE? 

“Consumers want solutions comparable to grid-electricity in cost, convenience and 
capability.” (Bairiganjan , Ray , & et al., 2010) 
 

The viability of any energy system is ultimately determined by the ability of those using the energy 
from that system to pay for it: for the required operation and maintenance and management of the 
system itself, and more often than not, the capital cost of its supply or some part thereof. 
Understanding people’s capacity to pay for energy is therefore critical for designing both the 
technical and managerial systems that underpin a viable business model for energy supply. 

In urban and other areas with large populations and high population densities this task is made 
somewhat easier, where aggregate demand can counter the effects of low and even moderate levels 
of default amongst low-value, low consuming customers, and some internal cross-subsidisation can 
occur between large commercial sector demands and smaller domestic consumers. In isolated 
villages with small and often dispersed populations this is not the case and accurate forecasts of 
system revenue from all consumers—and an ability to realise this—is vital. This task is made difficult, 
however, because many of these villages have never had electricity before and have not therefore 
had the opportunity to adjust their consumption and livelihoods to account for its availability and 
use. A connection is often a totally new thing, entailing opportunities they may be theoretically 
familiar with but not practically aware of how to embrace or action. Some aspects of this transition 
come more naturally, for example using electric lights in lieu of kerosene wick lamps, while others 
entail significant adjustments (and additional investment) both in terms of thinking and resources, 
for example in setting up a small business that uses energy such as a mill. Understanding the 
technical connection itself can be easy—such as how electricity can run the mill and make their lives 
easier and make money—but it is when it comes to accounting for the cost of these new services 
many people struggle, lacking the skills and experience required to plan and manage a viable 
business, including accurately forecasting costs and income, leading to often erroneous assumptions 
about their capacity to pay.  

It is for this reason that people’s expenditure on current energy services is often used as a default 
measure of their capacity to pay for new services, and often, by extension as a proxy for their 
willingness to pay1. What this approach fails to account for is that as the supply itself changes so to 
will people’s attitudes towards paying for it; that the type of supply available is a key determinant. 
This contention is supported by the reality that people in remote, isolated areas already pay huge 
amounts for energy through both necessity and circumstance. This indicates that they need and 
value energy services very highly. It also suggests that the aspirations of remote BoP communities 
for higher quality energy services may very well lead them to pay more for these than even their 
current expenditure patterns might imply.  

                                                           

1 Willingness to pay differs from capacity to pay in that it assesses what people would be willing to 
pay for an improved energy service, given the assumed and real impacts this will have on their socio-
economic status/circumstances. It allows the assumption that people will actually be willing to 
spend more on energy than they currently expend, given they feel the benefits are appropriately 
greater. Capacity to pay assessments on the other hand, are generally limited to evaluating people’s 
maximum current expenditure on available sources of energy only.   
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In the report, “Power to the People, Investing in Clean Energy for the Base of the Pyramid in India,” 
IFMR Research and WRI estimate that the Indian rural BoP—114 million households—spend  an 
average of Rs163/month (US$3.50) on cooking, lighting and energy needs, not including labour and 
other non-cash consumption. Those with grid electricity spend Rs106/month (US$2.30) on electricity 
while those without often more eg on diesel for private gensets and charging stationary batteries 
(Bairiganjan , Ray , & et al., 2010). Where torch batteries are used, the expenditure can be 
exponentially more. In Asia, energy ranks as the second highest BoP household expenditure behind 
food, primarily because of the high level of expenditure on energy reported in India which has the 
largest energy market in Asia - where spending on energy averaged ~12% of total household 
expenditure across the six income quintiles within the BoP (Hammond, Kramer, & et al., 2007).  

In order to achieve a better understanding of people’s capacity to pay we need move away from 
simple assessments of current expenditure (which only reflect the supply solutions available and do 
not provide any real indication of the quality of those services) to a more thorough analysis of what 
qualities people value and are looking for in their new energy services.  

Per unit cost is one obvious aspect as is quantum (the overall amount of energy they can access) but 
not in isolation; as already stated, consumers value at least equally cost, convenience (flexibility and 
accessibility), reliability and capacity.  

A more detailed understanding is therefore required regarding: 

 What people are currently spending on energy (cash as well as in-kind) 

 The quality of their current energy services  

 The quality of services people actually want and need, and 

 What people are willing to pay for improved services of the quality identified 

The role of gender within the demand equation also needs serious consideration, and a structured 
process of assessment to properly understand. Before a new energy technology is introduced, the 
various quality as well as quantum aspects of the energy service requirements of both men and 
women need to be separately identified and explored, including the preferences, opportunities, and 
constraints faced by both as users and potential service providers, for each of the various supply 
options available. Institutionalizing gender analysis in the demand assessment can assist in 
improving women’s influence over decisions relating to energy services and energy use in 
households and communities. It is also critical in achieving a nuanced picture of demand within a 
community and both maximising demand and hence revenue and avoiding either over- or 
underestimating demand. 

A thorough assessment of demand should therefore include some accounting for these additional 
factors and will thereby define both the services that need to be provided and the supply approach 
taken, and consequently, inform the impacts that can be expected from each. 

Research from India shows consumers are generally willing to pay significantly more for shorter 
outages and better quality supply even in grid connected areas, while in remote and off-grid areas 
consumers are willing to pay a premium for electricity supply. Cust, Singh and Neuhoff (2007) found 
a willingness to pay of Rs100 – Rs120 per month (~Rs7-10/kWh, US$0.15-0.22) across socio-
economic groups, but in remote and off-grid areas they estimated this at Rs15-Rs20 per kWh 
(US$0.32-0.43), around four to five times the typical grid electricity charges (see figure 6-2 below). 

It can be confidently said then that remote BoP communities value and are willing to pay a lot for 
better quality services. The task then is to better define this quality—what reliability, flexibility, 
accessibility—and determine and quantify the relative impact of each on people’s willingness to pay. 
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Figure 7-2: Maximum willingness to pay, by SEC      (Cust, Singh , & Neuhoff, 2007) 

Notes: Rural SEC: (R1 – more affluent, R4 least). For fixed tariff we assume a daily usage of 5 hours x 80W where available and applicable. 
For fixed rate connections based on more than 3 lighting points, we adjust usuage upwards. For 38W SHS we assume daily usage of 4 
hours at 30W. (Cust, Singh , & Neuhoff, 2007) 

 

7.2.2 MATCHING SUPPLY TO DEMAND  

Deciding which supply option is most appropriate in any specific situation requires the careful 
consideration of a range of factors, first of which should be a full assessment of people’s energy 
service needs. This should take place in the context of not only their economic capacity and 
livelihood patterns but also of their aspirations and the potential impact (on residents and the 
community in aggregate) of access to improved energy services. There is questionable financial or 
social justification for providing a service that while meeting people’s immediate needs quickly 
becomes insufficient, just as it is equally inappropriate to establish services people are unable to 
afford and which will therefore fail. Other important considerations include the availability of local 
energy resources and access to markets for supply and technical services.  

Unfortunately, it is a common reality that capital cost often overrides the identified needs and 
aspirations of a community as the primary determinant of the final supply solution, with the result 
that the services people want and need are not fully met. This is often justified by the erroneous 
assumption that people will be satisfied with just some of their needs met and that any 
improvement in their level of access will assist them to develop economically and therefore either 
pay outright for, or contribute to upgrades to their supply infrastructure in the future.  

Experience shows that these assumptions are rarely reflective of actual circumstances. People’s 
demand for modern energy services develops as their aspirations and consumption patterns grow, 
but this does not directly correlate with income. A recent study in India by the World Bank found 
that this only happened once rural households got above the 5th decile of income (Khandker, 
Barnes, & Samad, 2010). It does however highlight the important fact that while demand may 
initially be low, it will increase; and a solution only aimed at meeting immediate, modest energy 
requirements will not provide an appropriate long term sustainable energy supply without 
significant further investment in the future.  

How this is paid for in the intervening period of income growth is then the key question. The answer 
revolves around being able to leverage people’s willingness to pay by offering supply of a quality 
they value and which matches their service needs. 
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7.2.3 SUBSTITUTION & SURPLUS APPROACHES TO ENERGY ACCESS: COMPARING 
APPLES AND ORANGES 

Supply options differ along the same characteristics as service quality and should be compared using 
the same criteria:  

 Cost (Capex, Opex, $/kWh, LCOE, LCC) 

 Quantum: how much each consumer can access 

 Reliability: hrs/day, down-time/year 

 Accessibility: equity in access and supply assurance  

 Flexibility: what it can and can’t be used for (capacity limitations) 

Cost is obviously important but does not stand in isolation; the issue is more about matching cost to 
capacity: to a capacity to pay for the energy supplied and to productively utilise it, and therefore, to 
a willingness to pay for it. 

When cost is used as the only or primary driving factor in determining supply options—be it through 
grant funded or market based initiatives—there is the tendency to revert to what can be called the 
deficit assumption. This is particularly prevalent in programs and businesses aimed at the BoP and 
the remote BoP. 

This is an assumption that where people are starting from nothing, anything will do. This in turn can 
lead to an assumption that all “anythings” can therefore be considered equal and assessed on least 
cost alone. This approach also risks the further, compounding assumption that anything will have a 
significant impact – without appropriate consideration for what the desired impact is, eg is a 
program or project aimed improving energy access or poverty alleviation, GHG reductions, improved 
lighting, or reduced indoor air pollution?  

This can lead to the adoption of a “substitution type” service model. Substitution type models are 
where one supply solution is replaced with another, generally improved option which meets a 
particular service need, eg, a small solar light replacing a kerosene wick lamp. The differences 
between the two options are commonly around cost, reliability and safety. This is a more outcome 
based approach, with the impact more clearly defined, though still restricted. 

“Surplus type” service models meanwhile are those that aim to meet existing energy service needs 
within a community or locality, with additional capacity either installed or readily added to meet 
further demand as it develops. Electricity mini-grids are the only supply option that meets the 
requirements of a surplus model.  

The goal of the energy intervention is a critical aspect then. What is the reason for electrification? 
The answer commonly posited to this question is poverty alleviation, however this itself can be 
broken down into three potential outcomes: 

 Improved living conditions 

 Better communal facilities 

 Economic development through livelihoods 

Each has its own relevance depending on the situation, however the important point is that the core 
objective has to inform the ultimate response. 

The quantum of energy able to be accessed by a consumer—and the community in aggregate—each 
day is the primary variant between substitution and surplus type models, however, other aspects of 
service quality play an equal role including flexibility, accessibility and reliability, which can vary 
greatly between the supply solutions associated with each type. 

As villages and communities vary widely in their socio-economic circumstances, their human and 
institutional resources and their access to natural, physical and financial resources, there is an 
obvious role for each of these approaches. Indeed, each can be mapped on the demand curve and 
viewed as a natural progression from one to the next (see Fig 3). What must be appreciated is that 
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substitution type models invariably lead to lower service delivery solutions and as already noted, 
additional investment will be required to upgrade that supply as people and communities move up 
the demand curve.  

 

 

Figure 7-3: Demand growth, service potential and supply options. (©CAT Projects, 2012) 

Note: Each supply option is positioned on the demand curve by the daily quantity of power able to be 
delivered to individual consumers.  The images on the right show the types of energy services able to be 
accessed from the increasing amount of energy available (cumulative). 

 

It can be also noted that the supply solutions most commonly associated with substitution type 
approaches are more often than not display a natural fit with traditional assessments of “capacity to 
pay.” So while they may not meet actual need or demand they provide more surety of revenue and 
lower risk. They do so by operating in a zone where consumers can simply redistribute current 
expenditure on energy without having to completely reorganise their finances/budgets to account 
for new livelihood activities and the additional income and expenditure these may entail. This helps 
explain why most current business models tend towards substitution type approaches and solutions 
such as handheld solar/LED lights.  

The type of cost used for comparison is also important, for while comparison of capital costs is the 
most common, levelised costs of electricity (LCOE) comparisons can return very different results. For 
example, while the capital cost of providing solar lanterns to every household in a village will be 
lower than establishing a solar PV mini-grid, the LCOE cost of the energy from those lanterns (and 
for all substitution type options - devices and HESs) can be much higher. Again though, any 
assessment of cost needs to take place alongside an assessment of other service quality aspects. This 
is true for all supply options except perhaps grid connection which has a clear cost equation that 
determines its application and operates within a framework of an assumed level of quality. 

One of the major aspects of service quality that needs to be considered is availability of supply: how 
many hours a day, and what hours of the day, electricity is available for (see figure 4). Each supply 
option has a traditional level of availability as defined by past practice, as well as potential, and each 
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attracts different costs for providing additional levels of availability. Biomass gasifier based mini-
grids for example, are essentially generator based systems, so will run for as long as there is fuel. The 
efficiency of the system depends on the load, while the financial sustainability of the system 
depends on maximising the paid consumption of the power produced. For this reason, most biomass 
gasifier mini-grids do not run for 24 hours/day but for restricted periods of time when the load and 
therefore the return is greatest. LCOE assessments alone do not capture this. Systems which include 
storage on the other hand, such as solar PV and wind mini-grids, can be optimised around 
known/planned daily consumption and so technically can provide greater availability (up to 24 hour 
supply), so long as aggregate consumption is managed within the daily design capacity. The fact that 
most of the storage based mini-grids established and operating in remote communities until today 
have not achieved this is due to a lack of appropriate design and demand side management rather 
than any irresolvable technical limitation.  

 

 
Figure 7-4: Service availability for supply options: standard models and potential. (©CAT Projects, 2012) 

Notes: Standard grid availability varies widely depending on the country, state and even sub-state 
administrative unit.  Figures shown are estimates only and reflective of the observed availability in the remote 
rural areas of central-eastern India.  

 

In summary, it is clear that consumers value at least equally both quantum and quality in their 
energy services and that different supply solutions are able to deliver different levels of both.  

It is also clear that current assessments of the supply options do not adequately consider all the 
aspects of cost and service quality in an integrated manner. Hence, solutions that offer substitution 
type service delivery are compared on capital cost per consumer basis alone to mini-grid system that 
offer surplus supply and greater levels of availability and flexibility, and often lower LCOE costs. One 
perverse outcome of this overriding focus on capital cost is that the mini-grid sector has attempted  
to downscale systems in an effort to match the capital costs of substitutional supply solutions; 
reducing the service quality (availability and reliability as well as quantum) and thereby undermining 
mini-grids prime value proposition: high quality, surplus supply.   
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Mini-grids cannot be compared to home energy systems and devices; their role is to address poverty 
alleviation through improving living conditions, providing better communal facilities, and facilitating 
local livelihoods and economic development. 

 

7.3 THE CASE FOR MINIGRIDS  

While it is widely accepted that access to modern electricity services is an essential component of 
any socio-economic development program, “it is now also understood that it alone is far from 
sufficient to move people out of poverty.” (ESMAP, 2008). Increasing energy access alone can—and 
often does—simply result in communities that remain poor, but have access, or potential access, to 
modern electricity. 

“The impact of energy access projects on livelihoods and incomes is less visible. This is because most 
energy access projects adopt a ‘minimalist’ approach, focusing on the basic energy needs of the poor 
(lighting homes, cooking, heating). While the importance of these cannot be overemphasized, such a 
strategy is not sufficient for effective poverty reduction.” (UNDP, 2011) 

The consumer demand curve in Figures 6-1 & 6-3 provides a general indication of the growth in 
demand in an average of households as the level of aggregate, regional industrialisation increases 
(and therefore energy use), using industrialisation as a proxy for development. This reflects a key 
point which is often overlooked or misunderstood: that economic and livelihood development tends 
to happen in aggregate, not household by household, consumer by consumer.  Limited capacity, 
consumer specific devices (individually owned and managed) are therefore limited in their capacity 
to facilitate this kind of regional development because of their inability to spread aggregate supply 
over varying, larger loads. 

Mini-grids, particularly when poorly planned and supported, can also fail to offer the type of surplus 
supply of which they are capable. Historically, rural electrification programs have mainly focused on 
establishing connections and to a lesser extent, improving the quality of supply, while only assuming 
that access to electricity, or even proximity to it, will lead to spontaneous development of 
productive uses of that electricity. Costly systems have been established without sufficient work 
done to ensure there would be revenue to support them, or planning to develop demand that will 
generate such. Often the failure of these system has in turn been misinterpreted as solely a capital 
cost issue which has led to a misdirected focus on reducing the capital costs and in some cases the 
program delivery costs, without the required attention being paid to investing in the necessary 
mechanisms and processes to increase demand and maximise revenue from the existing supply. In 
short, the tendency has been to downscale capital investments in search of viability as opposed to 
up-scaling investment to achieve better supply outcomes, higher revenue and thus viability. 

As noted in the ESMAP paper Maximizing the productive uses of electricity to increase the impact of 
rural electrification programs, “Waiting for spontaneous positive effects on social and economic 
development to stem from the proximity to electricity appears to be a very passive attitude in 
contrast to the efforts to build such infrastructure.” (ESMAP, 2008) 

Assuming then that poverty alleviation is actually the end goal of a village electrification program, 
“proactive action is needed to ensure that funding rural electrification is effectively funding rural 
development and not just the expansion of the electricity sector.” (ESMAP, 2008) 

The need for a more holistic approach to electrification—where the impacts of the work done 
become the primary driver rather than the connections and supply themselves—finds supporting 
agreement in the financing, operating, maintenance and management of electricity mini-grid 
systems. Connecting poor remote communities does have direct impacts on people’s quality of life, 
however, consumption levels are usually very low as are overall connection numbers within an area 
and unless there already exists a sizeable load centre which can pay for its demand and underpin the 
system financially, then system revenues are likely to be relatively low.  
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In comparison to substitution type supply options mini-grids offer distinct advantages in terms of 
high service quality and surplus supply for productive applications. The type of activities that can be 
supported will vary depending on the dominant economic activities within a region. At one end of 
the spectrum of potential applications it can include lighting, where it is used to extend working 
hours for commercial/productive ends, while at the other end, machinery such as mills or electric 
workshop tools. What is important though is that the source of electricity—wherever it comes 
from—is sufficient to meet the needs identified and therefore help facilitate economic development 
rather than just working within existing/established economic and livelihood boundaries. 

That there are issues and difficulties in financing, establishing, operating, maintaining, and managing 
mini-grids is not debated, indeed, they are quite extensive. What cannot be challenged however is 
that of all the supply options mini-grids offer the greater opportunity for both increasing access to 
energy and reducing poverty and there is a strong argument for up-scaling the investment in 
programs to improve their service delivery, the benefits they can deliver and their ultimate viability. 

 

 

  



  

 Page 33 of 80 

8 STRUCTURAL BARRIERS TO THE DEPLOYMENT OF MINI-GRIDS 

“Several conditions need to be in place before significant expansion occurs. The product should 
be extensively tested and accepted by users. A supply chain that includes at least some reliable 
technology suppliers needs to be in place, together with well-tested delivery models and end-user 
financing schemes. There is also a need for a critical mass of competent service providers, including 
project developers and consultants. A well-articulated government commitment to energy access and 
assurances of medium- to long-term funding (from the government and/or development partners) 
are important in eliminating uncertainties in the minds of end-users, technology suppliers and 
others.”   
(UNDP, 2011)  

In a recent report on business models for scaling up access to energy, the IFC summarized the key 
success factors in the operating model for “mini-utilities” (small, decentralized mini-grid businesses) 
as the ability to: 

 Provide flexible payment terms to spread connection costs 

 Secure reliable low-cost primary energy (fuel or feed-stock) 

 Design adequate population density and load factor 

 Focus on replicability and entrepreneurs with technical expertise and business acumen to 
scale operations 

The key success factors in the operating [mini-grid] ecosystem were identified as: 

 An ability to set tariffs at commercially viable rates 

 The development of policies that encourage the establishment of mini-utilities 

 The removal of onerous licensing and permit barriers for mini-utilities 

 The provision of concessional financing to cover connection costs 

 The provision/availability of long-term debt and equity to support start-up and growth 

(IFC, 2012) 

The analysis presented the IFC report draws on experiences from around the world, from countries 
in Africa, Asia, and Latin America, with a focus on technologies and services that provide improved 
lighting and “lighting plus” (lighting and other electricity related services), namely: solar lanterns, 
solar kits, and rooftop solar home systems; electricity mini-grids; and grid extension. By and large 
the analysis and the recommendations as summarised above, are in concurrence with those reached 
by many researchers and now documented in many reports. And yet while practical, the assessment 
does not necessarily capture the often complex relationships that exist between the various barriers 
and various levels of scale.  

Reflecting on past experience it is clear that there are a number of key structural barriers to 
electrifying remote and underserviced communities. These barriers exist at both the individual 
village level and aggregated at scale.  These do not exist in exclusion to each other but are 
interrelated and as such addressing just one will not be sufficient for making a mini-grid approach to 
remote village electrification a viable proposition.  

 

 

 

 

 

 

 



  

 Page 34 of 80 

8.1 VILLAGE LEVEL BARRIERS 

At the village level the key barriers that need to be addressed centre around ensuring systems have 
the required capacity to support new and existing livelihoods (domestic and productive); the 
technical robustness to maintain a reliable supply; and are appropriately operated and maintained 
to achieve this. Specifically, there is a need for:  

 Community planning:. Effective and inclusive community consultation during system 
planning is critical in ensuring systems meet people’s actual energy needs and livelihood 
aspirations, can support economic development and leverage people’s maximum willingness 
to pay;  

 System design, technology selection and integration:. Best-practice, high quality system 
design processes and technology standardization is required to ensure systems are robust 
and capable of meeting demand over their life without significant failure. Reliability of 
supply is also critical to ensuring both revenue and cost estimates are realized; and,  

 Operation and maintenance:. Adequate planning for and guaranteed access to effective 
operation and maintenance services is essential for ensuring reliable supply which is key to 
supporting local economic development, consumer demand and by extension system 
revenue over their life, with systems designed to facilitate this in a cost effective manner.  

 

 

 

 
Figure 8-1: Structural barriers to mini-grid deployment at the village level 

In short, individual systems must be able to demonstrate they are technically stable, provide a 
reliable supply, can therefore ensure sustained revenues, and consequently maintain their financial 
stability within the overall business enterprise in which they operate.  

Critically, a viable and effective response to community planning, will lead to quality, value driven 
system design, which in turn allows for effective operation and maintenance 
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8.2 PROGRAM LEVEL BARRIERS 

A scaled program cannot succeed where the barriers facing the success of individual systems have 
not been addressed; however, effectively moving to scale brings a new set of barriers which also 
need to be addressed. These barriers can be broadly categorised into three areas: 

 Governance including: 
o Lack of institutional support; 
o Unsupportive regulatory frameworks 
o Weakened or nonexistent structures to support contractual liabilities; 

 Supply Chain including: 
o Component sourcing; 
o Standards; 
o Intellectual supply chain – engineers, technicians etc; 
o Materiel Supply and Logistics 

 Finance including: 
o High thresholds for project risk; 
o High transaction costs for smaller sums; 
o Constrained opportunities for coalescing multiple funding sources to single points of 

activity. 

An example of the interrelationship of these barriers is demonstrated as follows: poor or absent 
governance regimes make it difficult to effectively determine and manage demand, leading to 
fractured supply chain requirements, thereby increasing both the overall program cost and risk, and 
making securing of financial commitments challenging. 

 

 
Figure 8-2: Figure 6. Structural barriers to mini-grid deployment at the program level 

Properly formulated solutions addressing the issues at the village level will help address these, which 
relate to accessing suitable levels of finance; establishing supply-chains appropriate to remote 
locations and large scale deployment; and building functional and sustained governance structures 
to safeguard and ensure revenue collection within and across systems. Specifically, there is a need 
to:  
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 Build supply-chains. Meaningful cost reductions in both procurement and O&M can only 
come about through the development of supply-chains which can effectively service a large 
procurement program.  

 Establish governance structures. Functional and sustained governance structures need to be 
established to safeguard and ensure revenue collection within and across systems, to 
demonstrate a high level of fiscal accountability, and to achieve optimal management of a 
mini-grid system enterprise. And, 

 Access suitable finance. Remote village electrification can be classified as a traditional public 
sector activity driven by public investment. The failure of governments to deliver modern 
electricity services to the region’s remote communities does not therefore absolve them of 
responsibility and public sector investment is still needed to help leverage private sector 
investment and lower the risk profile of mini-grid projects. That said private investment will 
only be attracted where there are effective and sustainable governance structures 
supporting systems, streamlined supply chains, and processes in place to ensure individual 
systems are designed to be technically stable, provide a reliable supply that meets actual 
demand, and therefore ensure sustained revenues. 

 

Only with these three barriers addressed can a sustainable business model then be built around the 
scaled delivery of energy services through mini-grids. The sustainable business model in question 
can be private, utility or community based, or a hybrid arrangement of these, but its core deliverable 
should be a structure whereby services that are reliable and affordable can be delivered to remote 
communities in a sustainable manner year after year, facilitating local economic development and 
helping generate additional demand and revenue and thereby supporting its own sustainability.  
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8.3 INTERACTION OF BARRIERS 

As noted previously, the barriers at both the village level and either the regional or program level do 
not exist in isolation: each barrier left unresolved exaggerates the impact of the other barriers. 
Equally, as each barrier is resolved the flow-on effect at a village level or at a program level is 
significant with subsequent barriers more easily remedied. 

The image below depicts the relationship between village level barriers and those at the program 
level. 

 
Figure 8-3: Interrelation between the structural barriers to mini-grid deployment 

 

The logic behind the image above, although a simplification of the actual interdependencies, is clear: 

 Optimised technical design allows for effective prediction and development of supply chains 
– equally failure to develop technical standards makes it challenging to optimize the supply 
chain; 

 Resolving the financial barriers requires the demonstration of risk management over future 
revenue flows – this can only be achieved by ensuring that at a local level O&M is sufficient 
to guarantee ongoing service quality which supports demand and thus revenue. 

Similar arguments and linkages can be made between each of the other barriers at the respective 
barriers. 

Consequently it is necessary to ensure that any program seeking to be effective and viable must 
adequately address all the barriers identified, both at a local/village level as well as the higher 
program level. Importantly, the ability to recognize or develop a viable model will be characterized 
by the extent to which the barriers are acknowledged and dealt with. 
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9 FINDING VIABLE SOLUTIONS 

“Where willingness to pay exists, economically viable technologies can succeed even in an 
environment of cross-subsidy, low bill collection and high non-payment rates.” (Cust, Singh , & 
Neuhoff, 2007) 

 

As noted previously, there is currently no shortage of institutions, agencies, private companies and 
NGO’s who are interested in the mini-grid sector. Many have developed or proposed their own 
models for addressing the enormous challenge, and unfortunately, all too often many of these 
sector participants spend as much time denigrating alternative approaches as they do developing 
their own. 

Given the scale of the challenge and the complexity of the barriers identified, it becomes important 
to be able to sift through the different approaches and identify the lessons learned, strengths, 
weaknesses and opportunities of the models and approaches that currently exist. 

It is, however, important that in assessing these existing frameworks there is some benchmark by 
which to measure what would be regarded as a viable model. At a general level it is clear that were a 
model to be truly successful we would define viability by whether: 

 Its characteristics address respective barriers; 

 It addresses barriers at appropriate levels; 

 It is appropriate to context; 

 It can be replicated. 

A demonstrated mechanism to build demand through livelihood development is also required. 

Given the criteria that have been established for viability it is then possible to identify key 
characteristics of viable solutions. 

 

 

9.1 CHARACTERISTICS OF A VIABLE SOLUTION 

“Most people spend more time and energy going around problems than in trying to solve them.”  
Henry Ford  

This report argues that any viable solution needs to demonstrate a means of aggregating systems 
locally in order to build efficiencies in planning and financing, program administration, equipment 
supply, and operation and maintenance services; and that only by doing so can real scale be 
achieved. Specifically, a viable program must be able to achieve the following outcomes: 

 Aggregated demand 

 Maximised revenue 

 Tailored technical design 

 Efficient and reliable O&M 

 Optimised supply chain 

 Mobilisation of Finance 

Achieving scale also requires solutions to be easily replicable and flexible enough to be applicable to 
differing regions and socio-economic profiles. Importantly, it also needs to be impartial to the supply 
technology in order to be able to offer the minimum required (high) level of service for the lowest 
life cycle cost across all applicable villages.  

http://www.brainyquote.com/quotes/authors/h/henry_ford.html
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While many different approaches currently exist to the deployment of minigrids, it is self evident 
that none of the models have sufficiently addressed all of the identified barriers such that they have 
been able to be reliably and effectively replicated at scale. Notwithstanding this it is possible, by 
understanding both the causes of the various barriers and the extent to which they are impacted by 
a greater or lesser extent to scale, to define the characteristics that would be evident in a viable, 
replicable and scalable model. These characteristics include: 

 A streamlined, standardized project development and approval process - to ensure a 
pipeline of ongoing investment ready projects; 

 Capacity to attract a range of finance including public grants, and private sector investment 
including senior and mezzanine debt, equity, soft loans and others - in order to manage risk 
and achieve optimal project finance structures; 

 A supportive operating environment - to facilitate the establishment and maintenance of 
productive relationships between finance providers, suppliers and consumers, and make 
available resources for capacity building of these key actors where necessary; and 

 A clearly defined strategy articulated within the business model for building optimized 
supply chains for both equipment and O&M services.  

The outcomes and characteristics required of a viable model will also need to addressed at different 
geographic scales. Demand and revenue can be worked on at a village level, optimization of 
construction and O&M at a regional or clustered level and procurement and finance should be 
addressed at a program level. 

 

 
Figure 9-1: Targeted Approach to Barriers: Each of these geographic classifications is detailed further below. 

 

9.1.1 VILLAGE – DEMAND AND REVENUE 

Given past experience and the structural barriers elaborated above, the development of a large scale 
mini-grid program must consider a range of key, village level issues around technology selection and 
system design which will in turn affect the various governance, finance and supply chain approaches 
adopted and the overall viability of the systems installed and businesses that will operate them. 
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These issues relate to consumer demand and how to best assess it, and by relation the typical 
characteristics of the villages where these systems are most likely to be deployed; the capacity to 
pay for improved energy services of the people in these villages, their willingness to pay and how 
best to leverage and realise this; and the comparative merits of the technology options available, 
including their ability to deliver services of the quality demanded by consumers and the relative 
costs of doing so. 

The purpose of this analysis is to begin framing those outcomes a program must aim for in order to 
be viable, and illustrating why mini-grids, above other supply solutions, can be the most effective in 
meeting consumer demand and therefore leveraging consumer’s willing to pay.  

9.1.1.1 ASSESSING DEMAND 

A key factor determining the supply solution is the required system capacity, as determined by the 
assessed demand, balanced against the available capital budget and consumers’ assessed capacity to 
pay, and set within the context of the programmatic outcomes sought. For example, a program 
aimed at improving lighting will obviously be looking at different types and scales of demand and 
therefore employ different supply solutions to a program targeted at economic development and 
poverty alleviation.  

Regardless of the programmatic approach however, there is a fundamental relationship between 
demand and capacity to pay which must be explored and fully understood in order to make a sound 
decision around which supply solution is most appropriate and how to realise adequate (and 
maximise) revenue from consumers.  

The specifics of both demand and capacity to pay, as well as their relationship to each other is 
directly reflective of a village’s socio-economic characteristics, its geographical location and overall 
level of development. Demand as well as capacity to pay is also affected by people’s developmental 
aspirations which is influenced by their level of exposure to mainstream consumer markets, 
awareness of lifestyle and productive applications of energy and the appliances associated with 
these, and their relative cost and availability. 

Demand is not then a straightforward equation based on quantifying the desired capacity or 
quantum of electricity (either as kW or kWh) a consumer wants, because electricity is not what is in 
demand, but the services it provides and these services and people’s access to these services, 
inherently demands that the additional aspects relating to the quality of supply also be considered. 

 

9.1.1.2 DEFINING THE TARGET COMMUNITIES: REMOTE BASE OF THE PYRAMID 

The majority of the world’s four billion people at the Base on the Pyramid (BoP2) are in Asia and the 
Pacific (2.86 billion people including the Middle East), live in rural areas and have no access to 
electricity (Hammond, Kramer, & et al., 2007). For the majority of these communities the supply of 
modern electricity  will come through the extension of the existing grid, which regardless of the 
supply issues it faces in many countries and regions, still remains the optimal and preferred solution, 
generally representing the most cost-effective option through effective and established economies 
of scale. 

As already noted, however, the extension of the grid to all areas and communities is neither 
technically nor financially feasible, leaving a remainder of villages in which decentralized supply 
solutions are needed to meet the energy demands of the people there. The communities in South 

                                                           

2 The term BoP is a term coined to describe the ~4 billion people with incomes below $3,000 in local 
purchasing power, who together represent a $5 trillion global consumer market with substantial 
aggregate purchasing power. (Hammond, Kramer, & et al., 2007) 
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Asia which are most likely to be excluded from grid connection are typically located in remote, 
isolated areas and it is therefore reasonable to assume that the majority of these communities will 
display a common set of characteristics which need to be understood and considered in order to 
determine the right programmatic approach to increasing levels of energy access within them. 

In aggregate, the BoP sector is defined by predominantly informal economies and subsistence 
livelihoods yet such a broad stroke definition does not capture the significant variation that exists 
within the BoP. Which is to say the gross averages often deployed in assessing the BoP do not 
adequately capture the characteristics of certain sectors—and particularly the minority sectors—
within it . Those villages across South Asia which are ineligible for grid-connection represent, 
arguably, a specifically remote sector of the BoP and exhibit a defining set of characteristics different 
from non-remote but still underserviced communities, and other sectors of the BoP.  Specifically, 
they: 

 Are physically remote from goods and services and markets, as well as financially and 
socially remote; these add significant transaction costs or penalties to all goods and services, 

 Have very limited employment and market development opportunities (infrastructure 
provision is relatively easy compared to building market linkages in remote areas), and  

 Generally have historically poor relationships with state and central governments due largely 
to poor levels of attention, service and support. 

 

Key characteristic BoP general Remote BoP (additional) 

Significant unmet 
demands 

Lack of access to basic services, 
financial services, IT, secure housing 
and employment. 

Physical remoteness from these 
services as well as financial and 
institutional inability to access these. 
Remote areas are often less densely 
populated resulting in smaller 
individual markets and reduced 
abilities to attract new (principally 
private sector) services. 

Dependence on 
informal and 
subsistence 
livelihoods 

Lack of access to markets makes them 
prey to middlemen.  
Limited access to capital for 
entrepreneurial activity. 
 Limited capital stocks with a high 
degree of vulnerability to “shock” 
events like cyclones which cause 
destruction of local resources. 

Physically separate from, not just 
excluded from the formal market 
economy. 
Very limited local cash flows. 
Very limited employment and market 
development opportunities. 

Impacted by BoP 
penalties 

Higher cost (cash and/or kind) for 
lower quality goods and services due 
to lack of targeted marketing. 

Remoteness adds additional costs for 
goods and services, eg transport, 
multiple level of supply, increased 
likelihood of corruption. 

Poorly targeted 
government 
support programs 

Rural employment and goods 
distribution programs often distort 
local economies and hinder market 
development. 

Relationships between remote 
communities and governments are 
often antagonistic, with little trust 
due to past failures to deliver needed 
services. 

Table 9-1: Key characteristics of BoP as against  remote BoP.  Adapted from (Hammond, Kramer, & et al., 2007) 
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One key implication of this analysis is that there would appear to be a limit to the type and extent of 
productive activities3 likely to be successfully developed in these (South Asian) communities—
particularly those requiring access to external markets for sale of produced or processed goods—
without significant additional investment and support, including coordination with other market 
sectors. This is particularly the case where energy supply systems and the communities they serve 
are considered in isolation, on a system by system basis, because the planning, mobilisation and 
administration costs associated with carrying out livelihood development activities (including market 
development) would be all but the same for doing one community as for doing twenty or more. 
Diseconomies of scale would also apply to such work should it need to cover a number of regions 
with differing socio-economic and geographic/resource characteristics.  

Looking at the cross-sector methodology for identifying and developing productive applications of 
electricity developed by ESMAP and trialled in the Senegalese Rural Electrification program, the scale 
of work required to do this properly and the costs involved would be significant and time consuming, 
and only make sense where the scale of the program is very large, as it was in Senegal. (ESMAP, 
2008) Significant government support and leadership is also required to successfully achieve this, as 
it was in Senegal. 
 

9.1.2 REGION – O&M AND CONSTRUCTION  

Rural electrification has been a focus for governments in DMCs for decades and hundreds of mini-
grid systems have been installed as a result, across the range of technology options and geographic 
locations; and many lessons have been learnt. Unfortunately the greater majority of these 
experiences have been negative. As pointed out in the ARE report on hybrid mini-grids, “Most 
projects were planned over the short term and turned out as failures because of poor technical 
performance and poor suitability to user needs and local conditions.” (Rolland & Glania, 2011) Using 
the parlance of structural barriers introduced earlier, they failed to include a meaningful community 
planning process and/or and used inappropriate technologies and design processes; which in turn 
led to difficult to maintain systems with high cost O&M structures. It can also be confidently posited 
that the quality of service delivered by most of these systems was much less than that actually 
demanded or required by consumers, undermining their ability to leverage and maintain the 
required revenue. 

In general, past experience has demonstrated that RE based mini-grid projects most often fail 
because they lack a sound business plan by which operating costs can be met and investment 
recouped. As noted, many of the mini-grids established to date have been government and grant 
funded. They have also tended to be demonstration or pilot systems, and a significant number 
established using community ownership and management models, though there have also been 
examples of utility based models and private sector led initiatives.  

By and large, these have either failed or, at best, failed to move to scale, and this failure, combined 
with the scale of the issue and the costs involved in addressing it have all led to the growing call for 
the private sector to play a much greater—indeed a leading—role, bringing both additional funds as 
well as the business acumen many see as currently lacking in the mini-grid operating environment. 
This is based on the assumption that through simple commercial necessity privately run systems will 
provide electricity more efficiently than community or utility based models.  

This approach has many potential benefits and no want of existing systems to learn from: “There are 
some 700 electricity generating plants in developing countries that have been financed, constructed, 
and operated by independent power producers.” (ESMAP, 2008). That said, the geographic and 

                                                           

3 Productive activities that are directly energy dependent, those that are facilitated by improved energy 

services as well as others. 
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socio-economic circumstances of the remote communities in South Asia where mini-grids have a 
role to play poses significant challenges to the ability of the private sector to attract affordable 
finance, build productive consumption (and therefore incomes and revenue) and hence develop 
viable business plans.  

These challenges also pose a hurdle to private sector investment in the first place. As much as the 
intention is then for the private sector to lead, there will still remain a key role for governments and 
public authorities to work with, incentivise and support the private sector to enter and remain in this 
space. Experience has shown this role can include the provision of targeted subsidies, information 
and education campaigns for industry, lending institutions, and within their own concerned 
departments, as well as strategic policy coordination to minimise the process costs associated with 
establishing, owning and managing these systems. More coordinated and targeted use of subsidies 
and capital support programs in particular would greatly assist, as poorly designed subsidies have 
proved to be damaging to the development of local renewable energy and mini-grid markets.  

That said whether the model adopted is private sector lead, utility or community based, one of the 
key issues with building viable electricity mini-grids in the isolated unconnected areas of South Asia 
remains the widespread absence of productive hardware and enterprises. The currently accepted 
analysis is that the demand in these isolated villages is predominantly domestic, and that the 
revenue from these alone is generally insufficient to meet system operating costs4.  Conversely, 
where productive hardware is present it can provide a reliable and meaningful source of revenue to 
system owners/managers, and therefore support the more modest demand and revenue from 
domestic connections. This has been demonstrated in numerous African countries where remote 
communities have higher levels of existing productive capacities.  

One response to this issue which is increasingly gaining traction is the “anchor load” approach, 
wherein a large, usually commercial, productive activity/centre is identified in an area around which 
a system can be sized and predictable demand and revenue modelled. This anchor load is treated as 
the primary customer with additional capacity potentially built in to meet local domestic and other 
smaller centres of demand. Mobile phone base stations for example are often cited as a potential 
load resource due to their growing presence in isolated rural areas and the increasing preference of 
tower operators to outsource power production, which they see as a non-core part of their business. 
The Green Power for Mobile and Community Power from Mobile projects of GSMA, the Global 
Mobile Phone Association, has done extensive work analysing the potential market in this respect, 
and it is huge: their 2010 market sizing of India alone found that almost 18% of the total telecom 
towers are not connected to the electricity grid (where the total number of towers is approaching 
400,000) and while some of these are located in peri-urban areas with poor grid, it can be assumed 
that the majority would be in rural areas (GSMA, 2010). Numerous trials are underway, especially in 
India and a number of African countries, looking to test how best to structure such an approach, 
driven by independent power producers as well as by tower companies themselves.  

Under such arrangements the amount of energy made available to “other” loads can vary widely. In 
some instances only surplus power is made available with no additional generation capacity 
installed, while in others additional capacity is deliberately built in and additional connections made. 
The quantum of this additional capacity is determined by projections of potential additional revenue 
as laid against the (generally reduced) unit cost of the additional generation to meet the new 
demand.  

While providing a hopeful path forward, this issue and the proposed solutions to address it have 
almost exclusively been framed in the context of increasing the viability of single systems operating 
in isolation. As already mentioned though, economic and livelihood development tends to happen in 

                                                           

4 The fact that there is so little penetration of private sector systems is a clear indication of both the 
perceived and real difficulties of making such investments profitable. 
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aggregate, not household by household, consumer by consumer; and when considering 
communities located in isolated areas, not even community by community. Increasing basic services 
to individual villages does have a localised impact, however the ability of these impacts to project 
beyond the village is limited, particularly where systems are optimised to meet the loads in that 
village alone in order to contain capital and O&M costs, as is the case with most mini-grids.  

The developmental benefits of these systems, it can be argued, are severely restricted when they 
are established alone, with no other similar systems also established in close proximity.  When 
established in isolation each system has to either meet, or fail to meet, all of the existing and 
potential demands within that village, and carry its full financial responsibilities. An alternate 
proposition exists however wherein where more than one system is established in close proximity in 
an area. This scenario allows for a mutually supportive web of goods and services to be developed, 
and the service demands within that area diversified across these systems. In this scenario, no one 
system has to power all of the services in demand, while the services it does power can actually 
serve a wider consumer base. Further, the clustering of development also allows for the 
optimisation of the construction works. Construction can be undertaken in a peicewise fashion with 
capabilities drawn from the region and shared as required. 

This mutually supportive concept of construction and service delivery through clustering sees 
villages and the systems that power them not as isolated units whose capacity for economic viability 
is limited by the resources within that village’s boundaries, but as parts of a wider economy covering 
a larger geographical area.  

It is not yet clear to what extent effective livelihoods development can be achieved in the un-
electrified villages in South Asia as a result of proximity to electrified villages, or the extent to which 
electrification of villages in close proximity to each other serves to develop additional regional 
economic activity, ie the livelihood outcome in a region being potentially greater than the sum of the 
outcomes in individual villages. More research needs to be undertaken to determine the optimum 
degree of electrification needed in a region to obtain effective returns in terms of developing local 
economies relative to the net investment, the additional support and investment required to 
achieve this, and a realistic estimate of the time scales involved.  

Although there are some examples of opportunistic development or clustered O&M service models 
in places such as Bihar in India, there are currently no programs that specifically seek to develop a 
clustered, multi-system regional construction and O&M approach. There is merit then in looking at 
mini-grid based electrification and the development of a large scale mini-grid program through this 
broader lens rather than focusing only on individual system viability.  

Reviewing past mini-grid programs, it can be generally noted that the potential benefit of such a 
mutually supportive approach to mini-grid system establishment has not occurred because of the 
predominance of sub-scale, usually pilot based deployment. While no figures are available regarding 
the number of demonstration/pilot mini-grid systems as against total, anecdotal evidence suggests it 
is very high and there has been an increasing reluctance over the past few years amongst funding 
bodies to continue to support such activities, with an increasingly acknowledgement that the time 
has come to move to some form of scaled deployment.  

 

9.1.3 PROGRAM – PROCUREMENT AND FINANCE 

Individual systems need to deliver sufficient amounts of power to meet local domestic and 
productive demands with a high degree of reliability while maintaining operational cost projections. 
This can be achieved through appropriate community planning, system design and hardware 
selection, and effective O&M arrangements, yet these cannot positively affect program level viability 
in isolation: scale is also required.   
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The deployment of large numbers of systems through a structured program allows economies of 
scale to be leveraged in project delivery, hardware procurement and operational service delivery. It 
also strengthens the ability of project developers to establish effective supply chains, develop 
integrated local and program level governance structures and secure finance appropriate to their 
needs. And in turn, this provides a strong base on which to affect policy and orient finance to the 
specific needs of the mini-grid sector. 

The GEF-4 funding guidelines rejected continued funding of renewable energy projects because such 
projects “…have resulted in neither a significant take-off of [off-grid renewable energy] markets nor 
a meaningful reduction in GHG emissions.” (GEF, 2006). The off-grid renewable energy projects GEF 
had been funding, however, were typically small in scale and as such, this fairly conclusive statement 
can be more accurately interpreted as a rebuttal of the potential impact of small, essentially 
demonstration projects, rather than all off-grid renewable energy projects. It is also a fair summary 
of current thinking within the mini-grid sector itself where a consolidated appreciation of the major 
structural barriers to mini-grid based village electrification has now emerged, based on a much 
clearer understanding of the complex and interrelated barriers that exist at both a local and 
programmatic level.  

It is at this higher programmatic level that the true opportunities to generate economies of scale and 
effective mobilisation of finance exist. The programmatic level may involve the incorporation of 
many smaller clusters of projects, each tailored to their respective region. The program level 
activities then focus on: 

 the ability to identify similarities between regions; 

 sourcing components and materials at scale 

 identifying and sourcing bulk financing; 

 standardising the financing frameworks between individual clusters and the sources of 
finance; 

 diversifying risk across a broader range of sites. 

 

9.2 ACCOUNTING FOR REGIONAL DIFFERENCES 

Various mini-grid programs and projects have been developed and applied around the world, each 
one adapted to the specific geographic, social, economic and policy conditions within a country and 
region, and while there is often much in common between these, particularly around the barriers 
faced, the strategies adopted to address these and the opportunities around doing so can differ 
significantly. 

The three case studies included in the appendices deal with projects and programs tailored to the 
particular characteristics of the remote villages where grid connection remains unlikely due to 
excessive cost or technical difficulties. While it is implicitly understood that the characteristics of 
these particular villages will be different depending on whether they are in China or India or Nepal, 
for example, it is also understood that the general characteristics of these villages across the 
continental landmass remain the same, that is: they are physically remote from goods and services 
and markets, as well as financially and socially remote; and have limited employment and market 
development opportunities.5  

In addition to the Asia Pacific region, there has also been extensive work undertaken across Africa in 
remote village electrification, including private sector led initiatives, public sector programs and 
public-private sector schemes (such as that represented in the case study from Senegal), including a 

                                                           

5 Refer to section 6.2.2, page 26 for a more detailed discussion on the defining characteristics of such 
villages in the South Asia region.  
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number of successful examples of significant private investment in such programs and projects6. 
Much of this work is both relevant to the Asia-Pacific context and exciting in terms of demonstrated 
potential for the various approaches available. It is argued, however, that the characteristics and 
circumstances of many of the remote, un-electrified villages in the African continent differ quite 
significantly from those in Asia and the Pacific with different challenges and opportunities, so while 
not discounting lessons from the work in either Africa or the Pacific , this report focuses instead on 
the specific issues, challenges, opportunities and experiences from within its target region: South 
Asia. 

 

9.2.1 ISLAND COMMUNITIES 

Within the Asia Pacific region there are significant numbers of small island communities from the 
Indian Ocean to the Pacific, which are either un-electrified or powered by diesel systems which are, 
increasingly, prohibitively expensive to run as well as difficult and costly to maintain; and where 
there is a growing move to shift generation capacity from fossil fuel to renewable energy.  These 
island communities have very different social, economic and livelihood characteristics and so 
present a very different set of issues to remote, land-based communities around energy supply 
which any program needs to understand and address appropriately in order to achieve any level of 
technical, financial or programmatic viability.  

One of the key characteristics of island communities is their highly dispersed nature and extreme 
physical remoteness usually both from one another as well as central service communities. The 
ability to then aggregate consumers into large enough numbers to positively affect the viability of 
service delivery is severely curtailed. This suggests that systems installed in these communities will 
have—at least—higher O&M costs than equivalent land-based systems, and very probably higher 
capital costs as well, due to nothing else if not transport. 

As this is largely driven by the remoteness of these communities about which nothing can be done, 
the viability characteristics of a scaled mini-grid program within this context shifts even more heavily 
towards the importance of standardized technology design and integration, hardware and system 
installation and construction. It is in these areas that significant capital cost reductions can be 
achieved both through optimized civil and electrical designs as well as bulk procurement strategies. 
And it is through standardized, commonalised system designs, hardware and hardware integration 
that the aggregate costs of system maintenance can be significantly affected. Individual 
island/system administration costs will remain (largely) a fixed overhead, with only some cost 
reduction potential through standardized administration systems and procedures, however, the 
delivery of technical maintenance is where real cost savings can be achieved. 

The importance of maximizing productive uptake of electricity—and so maximizing revenue—also 
accrues added importance in island communities, though it is not necessarily any easier to develop. 
Most island communities do however have active local fishing industries with high levels of demand 
for modern energy services relating to this (fridges, freezers, chillers and other processing 
equipment) which could, if developed and supported, provide an economic base-load for energy 
systems, with the explicit benefit that supporting such appliances would directly support an 
economically productive activity with the capacity to bring cash into the community and provide 
meaningful local employment opportunities; both key components to any system’s viability. 

That said, the majority of un-electrified people and communities in the Asia-Pacific exist within the 
continental areas of the region and as such this report focuses on identifying the structural barriers 
to the electrification of these communities (through mini-grids), and an analysis of the opportunities 

                                                           

6 See the 2012 IFC report “From Gap to Opportunity:Business Models for Scaling Up Energy Access”  
for some further examples from Africa, or, the Lighting Africa program: www.lightingafrica.org  

http://www.lightingafrica.org/
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to address these. This is not to ignore or dismiss island communities, but to sharpen the focus of the 
investigation in order to achieve a more relevant outcome, whose utility for application in Island 
Communities can then be readily assessed.  
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10 CURRENT APPROACHES TO DEPLOYMENT 

There are a number of approaches currently being promoted, each one differing principally by the 
nature and experience of the proponent. Given the viability characteristics and barriers, existing 
models can be generally classified as focused toward by one of the following three areas: 

 Finance (both private and public, grant debt and equity); 

 Supply Chain (technology providers, construction companies, engineers); or,  

 Consumers (including individual consumers, co-operatives, NGO’s).  

All the various models and approaches that are currently being explored have their own motivations, 
strengths and weaknesses. What follows is a review of these approaches, beginning with an analysis 
of the position, motivation, strengths and weaknesses of the leading actor, followed by a brief 
generalized description of the roles and relationships between all three actors. 

This classification of approaches is necessarily generalized: there will always be arguments as to 
whether one particular model is more focused toward one approach or another, however the broad 
parameters of the analysis do not change. 

It must be remembered as well that underlying all of these approaches is the same basic business 
premise: that capital funds need to flow to Suppliers for them to use establishing systems, which 
then either operate/manage or lease or sell these to a third party power provider, who extracts 
revenue from end customers to repay the initial investments plus a margin, subject to the 
investment directives of each party.  

Likewise, regardless of approach, the driving logic of each of the actors will generally remain the 
same: Finance providers want large scale, low risk investments with a reasonable return on 
investment, including social outcomes for some; Suppliers want finance to build power systems in 
order to turn a profit for their businesses; and Consumers want a quality power supply to meet their 
domestic and productive enterprise needs. Consumers will pay for a quality power supply which will 
allow the power provider to pay for its finance and make a profit, which will allow the initial 
investors to make a return (financial and/or social depending on the type of investment). In order to 
maintain these returns, the power provider must at least ensure the ongoing quality of supply over 
the life of the assets as a means of ensuring ongoing revenue targets are met. 

 

10.1 FINANCE SECTOR APPROACH 

A finance sector approach involves one or more finance providers creating a fund for the purpose of 
providing finance for mini-grid work. The fund may provide money in the form of equity, debt and or 
grants which can be available for any component of a mini-grid program including project 
development, capacity building, and capital for hardware, as a whole or portion of the total cost. 
Being the lead agency they are also responsible for project development and Supplier partner 
selection. 

Position: Access to finance and ability to establish purpose-built financial instruments.  

Motivation: Maximising financial—and possibly social—returns on their investments. Finance 
providers (banks, governments, MDBs, philanthropic donors, social investors etc) who want to 
fund mini-grid projects will only do so within a specific investment framework usually defined 
around a minimum (usually large) scale and an ability to share (and mitigate) costs and risks.  

Strengths: Intimate knowledge of financial tools and fund creation and management, and 
capacity to mobilise and bring together funds to single points of activity. 

Weaknesses: Fixed and relatively high transaction costs; and no real flexibility or capacity to 
effectively relate to large numbers of end consumers. 
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Examples: 

 National Township Electrification Program - PRC  

 Electricity Services in Rural Areas Project – Senegal  

 Village Energy Security Program & RVE program – India 

 … 

The program administrative structure, project design and implementation structure and processes, 

as well as financing arrangements in these projects/programs are prescribed by central government 

to a largely fixed format with various eligibility criteria and performance conditions. The role of 

Suppliers can vary from full project development and equipment supply through to simple design 

and supply and installation. 

 

10.2 SUPPLY SECTOR APPROACH: 

A Supply sector approach involves a hardware (or service) supplier developing mini-grid projects and 
a business model for building/operating them, for which they then seeking funding from Finance 
providers. A main driver for a Supplier developing projects itself is a need to build business for their 
products and services, though this is not necessarily exclusive to a motive for positive social impact. 
As hardware suppliers (as well as suppliers of associated services), Suppliers are more often than not 
technology focused, many having evolved from a technology developer to a seller of that technology 
and subsequently, a deployer of that technology, usually due to an absence of any other external 
project developer. As such Supplier led project development is usually driven by a need to fit 
projects and project funding to technical prerequisites rather than purely objective assessments of 
local/regional energy needs and best-fit solutions.  

The Supply sector approach is the most widely proposed for a large scale mini-grid program, largely 
due to the fact that Suppliers are the most active within this space, can show some relation to both 
Finance providers and Consumers, and can leverage private sector investment in addition to grants 
and subsidies. 

Position: For profit technical supply capacity of hardware and associated services, including 
O&M.  

Motivation: Maximising returns to their business through the sale of goods and services and 
the development of opportunities to do so. 

Strengths: Technical development and marketing, system design, equipment supply, and 
provision of O&M services. 

Weaknesses: Often technology driven/focused; not necessarily interested in project 
development beyond generation of sales opportunities. Not necessarily interested in ongoing 
system management due to its low margins and high risk relative to hardware sales.  

Examples:  

 Husk Power 

 Sun-Edison 

Within the mini-grid sector in India, one of the more successful examples of the Supply sector 
approach is Husk Power7 which has undertaken every aspect of its program development including 

                                                           

7 Refer to Case study 2 for details. 
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sourcing and arranging finance, project development, and even sector development in the form of 
capacity building of local technical staff in order to meet the business’ minimum operational needs. 

 

10.3 CONSUMER APPROACH: 

Consumer (usually at the level of a community) driven mini-grid projects are historically very 
common, representing a large proportion of past and existing systems. Individually, consumers are 
not interested in program delivery structures or any particular supply technology, they simply want 
energy services that are reliable, convenient and can meet their needs. However, in the absence of 
any government or private sector initiative to provide them with these it is often they, and the 
development organisations that work with them, that drive a mini-grid project. 

The majority of community sector mini-grid projects have been grant funded through donor 
agencies, some through Government programs8 and a few through hybrid private sector investment 
arrangements or direct lending from local financial institutions. More often than not community led 
projects, particularly those that are grant funded, involve NGO/community groups facilitating 
funding from donors, governments and lenders for the establishment of a mini-grid, with the local 
community often not a party to the transactions at all due to concerns about fiscal propriety and 
management.  By and large, the primary motive of grant funding community led mini-grid projects 
by both government and donor agencies has often not been the electrification of a single village or 
two, but the demonstration of the technical, social and or financial models for doing so; the purpose 
being to incentivise and educate the broader remote electrification sector and spur greater 
involvement by the private sector in this space. As mentioned in previous sections of this report, this 
type of funding is now becoming increasingly scarce due to the failure of these largely individual 
projects to effect such change and development, as well as a failure of most of these systems to 
prove themselves to be economically viable.  

Position: Consumers need and want improved power supplies to provide improved energy 
services.  

Motivation: Development of domestic living conditions and economic opportunities. 

Strengths: Both a demonstrated capacity and willingness to pay far in excess of standard, urban 
tariff models for (improved) quality energy services; intimate knowledge of demand 
requirements; and local capacity to aggregate demand.  

Weaknesses: Large numbers of disparate individuals presenting revenue potential with high 
administration costs and high perceived risk of default. 

Examples:  

 Bushlight 

 Selco 
 

There are also many examples of consumer led mini-grid projects across the Asia-Pacific supported 
by donor development agencies and implemented by local NGOs in collaboration with local 
communities. 

 

                                                           

8 The Indian Government’s Village Energy Security Program for instance channels grant funds 
through local Panchayati Raj institutions which act as proxy consumer representative bodies and 
purchase goods and services from Suppliers.  
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10.4 CAPACITY ASSESSMENT OF MINI-GRID ACTORS 

Just as the various different approaches can be classified into broad groups, it is also possible to 
classify the existing participants or actors in the sector into three general groups: 

 

 Finance Providers: Banks, Governments, CSR Donors etc; 

 Suppliers: Technology providers, project developers etc; 

 Consumers: Individual consumers, consumer or village advocates, NGO’s etc 

 

Each of the three groups of actors in the mini-grid operating environment have a different set of 
capabilities which makes them more or less effective in ensuring a scaled program displays the 
required characteristics of viability. The approaches supported or led by any individual actor tend to 
reflect that actor’s own strengths and weaknesses, hence a general analysis of individual actor 
capacity provides a tool to assess the general ability of the approach to achieve the necessary 
outcomes. 

Table 9-1 below seeks to document in a comparative manner the general capacity of different 
groups of actors to address the characteristics of a viable program that have been described 
previously.  

The purpose of this assessment is to identify the specific capabilities of each actor, matching these 
to a required set of roles within a large scale mini-grid program and assess to what degree any one 
particular approach can deliver all the necessary outcomes.  

This strength based or collective action programming approach, wherein roles are matched to 
capacities, informs a proposed alternative approach (notionally termed an independent aggregator 
approach) which is then presented. Defined through a program and associated project level 
framework, it seeks to bring together the strengths of all three approaches in a revised format which 
defines roles around core strengths and capabilities, augmented and facilitated by an independent 
management facility. It identifies the particular roles and relationships required in order to 
determine who is best suited to carry them out and how they relate to one another and is intended 
as a tool to assist in the development of a large scale mini-grid program, be it based on an existing 
program, business or project, or building up something from scratch.  
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Table 2: Capacity of individual mini-grid actors to determine a program that 
displays the characteristics required for viability 

Characteristic 
Finance 

providers 
Suppliers 

Consumers/ 
communities 

Knowledge and ability to bring together 
finance to single points of activity (fund 
creation) 

HIGH MODERATE LOW 

Ability to optimise finance structures to 
country specific requirements (eg tax and 
regulatory regimes) 

HIGH LOW LOW 

Ability to mobilise finance at a scale that 
sees transactional costs as a decreasing 
proportion of total finance costs 

HIGH LOW LOW 

Capacity to aggregate the demand of a 
sufficient number of consumers to achieve 
financial viability of the operating business 
enterprise 

LOW LOW MODERATE 

Flexibility and capacity to tailor technical 
(generation) solutions to variable demand 
and environmental contexts  

LOW/NA MODERATE HIGH 

Flexibility to adapt program across 
geographic and environmental conditions 
and different consumer behavior 

LOW/NA MODERATE HIGH 

Capability to manage O&M risk and 
optimise O&M service delivery  LOW HIGH LOW 

Ability to optimise supply chains LOW HIGH LOW 

High level technical capacity to design, 
build & supply generation and distribution 
equipment able to maintain the delivery 
of high quality services throughout its 
design life at least cost 

LOW HIGH LOW 

Capacity to aggregate consumers at a level 
that can significantly reduce  supply 
administration costs 

LOW MODERATE MODERATE 

Ability to access support finance to 
guarantee high risk consumer base HIGH LOW HIGH 

Table 10-1: Capacity assessment of current sector participant groups 
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10.5 SUMMARY OF ASSESSMENT 

From the capacity assessment shown in Table 10-1 it is clear that any program led by an individual 
actor will ultimately be constrained by their specific set of capabilities and lack thereof in one or 
more key area. That is to say that no one actor has all the particular capabilities needed to pull 
together, establish and manage a large scale mini-grid program in the most effective manner. Nor do 
any of them necessarily have the interest to do so, though they may see the need. Actor led 
approaches therefore increase the overall risk profile of a program. 

It should also be noted that the ability of all three actors to aggregate demand (large numbers of 
Consumers) at significant scale is severely limited, indicating that there exists a capacity gap within 
the environment which needs to be filled in order to achieve viability. 

Perhaps the greatest risk with an individual sector led approach however relates to fundamental 
perspectives around the role of mini-grids in remote communities and the need for scale. Obviously 
managing capital cost is a key issue, however, rural electrification cannot only be about capital cost; 
it must also be about delivering real improvements in domestic living conditions and building local 
consumption and economic activity through the delivery of high quality energy services, thereby 
tapping consumers’ maximum willingness to pay and the revenue potential that comes with it, 
rather than constraining business models to lowest cost, lower service outcomes with limited 
revenue scope. And to do so at a meaningful scale that can positively impact the access to energy 
scenario in a region. 

Further analysis of the individual actor-led approaches finds the following key issues:  

10.5.1 SUPPLIER APPROACH ISSUES 

The supplier approach runs the particular risk of distorting the mini-grid market through an inherent 
targeting of the low hanging fruit amongst the remote, un-electrified pool. That is, they will tend 
towards connecting the less remote, larger, more economically developed villages first as these will 
be easier and less costly than more remote, smaller communities. The general characteristic of the 
villages where mini-grids have a role to play are however, by definition, remote, reasonably small 
and with poorly diversified economies.  

There may be some larger less remote communities but this number will be small and only 
compounded if the Supplier is technology driven and therefore has to exclude villages because of 
the unsuitability to their chosen technology. Financially, targeting such villages will have a positive 
effect on the overall balance sheet of initial projects, however, as the number of such ‘easy’ villages 
dwindles and villages become progressively more difficult, costly and riskier to do, then subsequent 
projects targeting only these ‘difficult’ villages will be become harder and harder to sell to investors. 
Given the tight financials involved in these projects, it would seem unlikely the private sector would 
opt for the second, more long term approach, and strongly favour the first instead. 

This issue can be managed by clustering a mix of easy and costly and difficult villages together in 
each project from the start of a program, thereby levelising the average cost per village to a more 
realistic level which could be reasonably maintained as the number of projects increases. Doing so 
however would require a specific project development framework to be established and imposed on 
Suppliers; or the task removed to an independent entity altogether.  

The tendency of Suppliers to be technology focused is also a key concern with this approach and 
aside from the limitations this can place on project development, can lead to damaging debate 
between suppliers not only about the relevance of particular generation technologies but about 
their worth. Solar PV suppliers may therefore deride biomass gasifiers as to their reliability or real 
O&M cost while biomass gasifier suppliers may deride solar PV suppliers for their high capital costs. 
This is understandable within an environment suffering from a lack of investment and limited 
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available funds, where suppliers are effectively competing against each other for the same dollar, 
however all it really does is tarnish the image of all technologies involved. 

10.5.2 FINANCE APPROACH ISSUES 

The Finance sector approach meanwhile continues to be too risk averse, or poorly understanding of 
risk within the mini-grid operating environment, and thus continues to impose unnecessary 
additional costs to its finance to deal with this. They also tend to hold unrealistic expectations as to 
the minimum capital cost of establishing RE mini-grids and the impact reduced capital has on the 
quality of service a system can provide. These perceptions of prohibitive capital cost drive suppliers 
to trim the cost of their systems as a means of attracting investment and more often than not these 
capital cost reductions result in reductions in service quality (hours of availability, service life of 
assets, reliability of supply etc.).  

Reduced service quality impacts revenue and so businesses are forced to juggle their 
capital/revenue model to achieve what Finance providers thinks is a viable proposition, or what they 
think Finance providers think is a viable proposition. In doing so there is the risk that the real and full 
life cycle costs of the altered, constrained capital model adopted are not adequately captured, 
thereby risking the long term viability of systems. A simple example of this would be the use of low 
cost power distribution materials. The implications of which are increased maintenance, servicing 
and replacement costs and greater safety risks, which can be difficult to quantify.  

In short, misperceptions of the actual cost of RE mini-grids, combined with lack of awareness as to 
the risk profiles of mini-grids and the tendency to look at systems individually where their viability is 
weakest, can lead to reduced service quality which undermines the core value proposition of mini-
grids and the potential revenue they can leverage from consumers.  

10.5.3 CONSUMER APPROACH ISSUES 

Finally, while probably the most widely deployed to date, the Consumer approach fails what is 
arguably the most critical viability criteria: an ability to scale. Individual consumers within a 
community are able to effectively mobilise themselves and if necessary manage a mini-grid project, 
however, the larger the consumer base and the greater number of villages involved the more 
disparate the motivations and the harder it becomes to form a cohesive consumer led management 
structure that can direct and drive a large program. I.e. they can only aggregate their demand so far. 

 

In short, the mini-grid sector as it exists today suffers from continuing risk aversion from potential 
funders, distracting debate between suppliers about the competitive relevance of different 
technologies, and a lack of clear program-level successes by which to champion the role of mini-grids 
in improving access to energy and economic development. Individual actors continue to play only to 
their strengths, glossing over those areas where they lack the required capabilities for fear that it will 
lose them funding, and are failing to effectively reach out to and partner with others who do have 
these capacities and can augment their own strengths.  

It is for all of these reasons that a alternative approach is proposed which attempts a strength based 
programming approach wherein the various roles within a scaled mini-grid program are matched to 
individual actors specific capabilities, bringing together the strengths of all three approaches. 

 

  



  

 Page 55 of 80 

11 WAY FORWARD 

11.1 RECOGNISING WEAKNESSES AND PLAYING TO STRENGTHS 

As has been highlighted, while all players have recognized weaknesses the challenge is to facilitate 
an effective model with individual sector participants playing to their strengths in partnership with 
others, each resolving the barriers they best understand. Therefore: 

 Finance providers can aggregate and organise finance at a large scale;  

 Suppliers can develop technical solutions to variable demand and environmental and 
resource contexts and build effective supply chains; and,  

 Consumers can aggregate themselves locally to reduce administration costs, while ensuring 
effective revenue streams to support the finance model; 

Critically, each participant should be operating and engaging at the level of scale relevant to their 
particular strengths.  

The model of partnership and collective action is not new: numerous examples of cross sector 
partnerships already exist, however there are few, if any, examples of a partnership framework that 
genuinely engages all three of the groups that have been identified. More critically, perhaps, there is 
no existing partnership framework that has been able to effectively identify and aggregate demand 
to the extent required to be viable. 

 

11.2 A NEW PARADIGM 

Typical approaches to partnership have generally focused within the framework of a series of linear 
transactions. Investor forums are regularly conducted by a range of agencies with a view to bringing 
together financiers and private sector developers/suppliers. Similarly Exhibitions are often 
conducted as a mechanism for introducing and engaging with consumers and suppliers. 

 

   
Figure 11-1: Investor forum engagement   Figure 11-2: Exhibition or Technology Roadshow 

 

Unfortunately however, both transaction types fail to provide a clear framework for the collation 
and exchange and of all the information required to effectively deploy at scale. It is therefore 
necessary for all three actors to engage and find a mutual space in which information sharing and 
complimentary activity can lead to an outcome that is greater than the sum of their respective parts. 

 

Financiers Suppliers Suppliers Consumers 
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Figure 11-3: The intersection of capabilities identifies the area of greatest strength 

 

This intersection of capability and motivation is the area in which there exists the greatest potential 
for a viable model to be developed. The challenge is how to create this engagement. Experience 
suggests that active facilitation and management of this space is required to ensure that the 
different scales of engagement are managed in a way that does not marginalise one group or 
another and recognises strengths and capacities on an equal footing. 

It is therefore necessary to ensure that this space is actively facilitated and managed. This 
engagement would require the development and management of a program framework that 
ensures the final aggregate ownership and management model: 

 Is targeted to ensure effective livelihood outcomes 

 Optimises efficiency through clustered, mutually supportive systems; 

 Provides opportunities for maximizing the domestic and productive impact of mini-grid 
systems; 

 Builds efficiencies in planning and financing, program administration, equipment supply, and 
operation and maintenance. 

 Scaled to ensure greatest economies of scale in procurement and financial transactions 

 

11.3 WHAT DOES A POSSIBLE MODEL LOOK LIKE? 

Drawing on the characteristics of viability highlighted previously and coupled with the capacity 
assessment of existing sector participants, it is possible to begin to define an alternative approach to 
the large scale deployment of mini-grids. 

This approach employs a private sector led ownership and management model with a hybrid 
financing structure to achieve an attractive investment profile for both Finance providers and 
Suppliers with good service outcomes for consumers.  

More importantly what it attempts to do is to bring the specific strengths and capabilities of Finance 
providers, Suppliers and Consumers together within a programmatic framework facilitated by an 
independent program management facility, where each actor is assigned and assisted to fulfill those 
roles to which they have specific competency.  

Consumer 

Suppliers Finance 
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In this way each required activity is undertaken to the greatest effect and the operation of the 
program is optimised.  

Thus, at a very general level, Finance Providers are tasked to arrange a financing structure, Suppliers 
are responsible for ensuring the best technical solution is installed in each village at lowest cost, the 
local aggregating capacity of consumers is leveraged and the benefits of community inclusion in 
demand assessment and local governance fully realized. 

The approach is termed “independent” due to the role of the Project Management Facility (PMF), an 
independent entity inserted into the mini-grid operating environment as an additional actor with a 
set of roles and responsibilities that cover areas none of the three existing actors adequately fulfill 
(eg project development), while also facilitating effective and productive relationships between the 
actors. 

The approach is also termed an “aggregator” in that what it seeks to do is facilitate the aggregation 
of finance to a scale that can significantly reduce transaction costs, making it cheaper and easier for 
Suppliers to access finance; and aggregate consumer demand such that the administrative costs of 
servicing them is significantly reduced.  

Position: Independent entity formed and tasked to facilitate mutually supportive relationships 
between Finance providers, Suppliers and Consumers within a specific operational framework 
around scaled mini-grid deployment. 

Motivation: Achievement of program objectives through smooth functioning of relationships 
between actors and delivery of specified supporting tasks, for example: program 
administration, technical direction/oversight, sector development, project development, field 
level services & support, and Supplier Accreditation. 

Strengths: Independence from immediate directives of individual actors, being tasked only with 
delivering agreed program objectives most efficiently.  

Weaknesses: Imposes an additional cost on the program. 

It is important to note that while specific roles are allocated to specific actors, one of the key roles of 
the PMF is to ensure that all activities are well informed by the requirements and feedback from all 
of the actors, not just the one leading an activity. For instance, while the creation of the program 
fund would be the responsibility of the involved Finance providers, they should only do so after fully 
understanding the needs, limitations and minimum requirements of Suppliers and Consumers. 

With regards to the additional cost implications of this approach it is posited that this is a necessary 
if not critical investment that is required to achieve viability; a core component of up-scaling to 
viability, where increased investment is needed in order to do the thing properly in order to ensure 
sustainable service outcomes, sustainable revenues and sustainable businesses. 

Table 10-1 on the following page provides a relative assessment of this alternative approach as 
compared to the individual actor led approaches, highlighting the benefit of allocating actors only 
those tasks to which they have a particular capacity and preference, and the required role of the 
project management facility in facilitating this as well as filling the capacity gap around aggregating 
consumers. 
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Capacity Assessment of Independent Aggregator Model   

 As managed by the PMF 

Characteristic Financiers Suppliers 
Consumers/ 
communities 

Knowledge and ability to bring together 
the required finance to single points of 
activity (fund creation) 

HIGH   

Ability to optimise finance structures to 
country specific requirements (eg tax and 
regulatory regimes) 

HIGH   

Ability to mobilise finance at a scale that 
sees transactional costs as a decreasing 
proportion of total finance costs 

HIGH   

Capacity to aggregate the demand of a 
sufficient number of consumers to 
achieve financial viability of the operating 
business enterprise 

HIGH   

Flexibility and capacity to tailor technical 
(generation) solutions to variable 
demand and environmental contexts  

  HIGH 

Flexibility to adapt across geographic and 
environmental conditions and different 
consumer behaviour 

  HIGH 

Flexibility and capability to manage O&M 
risk and optimise O&M service delivery   HIGH  

Ability to optimise supply chains  HIGH  

High level technical capacity to design, 
build & supply generation and 
distribution equipment able to maintain 
the delivery of high quality services 
throughout its design life at least cost 

 HIGH  

Capacity to aggregate consumers at a 
level that can significantly reduce  supply 
administration costs 

  HIGH 

Ability to access support finance to 
guarantee high risk consumer base HIGH  HIGH 

Table 11-1: Capacity of the independent aggregator approach to determine a program that displays the characteristics required for 
viability 
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This facilitated engagement and management role will vary from country to country, region to 
region based on the specific strengths and weaknesses in each area relative to the extant barriers. It 
is clear however that all elements of a program such as that proposed must share a common set of 
objectives and must be: 

 Planned and coordinated; 

 Structured; and, 

 Delivered in an integrated manner. 

Importantly the focus MUST be on achieving higher value NOT lowest cost outcomes. The following 
section describes one possible framework for delivering this outcome. 

 

11.3.1 A POTENTIAL PROGRAM STRUCTURE 

The program structure detailed below has been developed as a theoretical exercise to outline an 
indicative framework showing how a viable large scale mini-grid program could look and operate; to 
identify what particular roles and relationships are required in order to help identify who could carry 
them out and how they relate to one another. The overall purpose of the exercise is to provide a 
tool which could assist in the development of such a large scale mini-grid program, be it based on an 
existing program, business or project, or building up something from scratch.  

The description of the theoretical model has been broken into two sections, Program Administration 
and Project Implementation. 

11.3.1.1 PROGRAM ADMINISTRATION 

The proposed institutional structure (Figure 10-4) is underpinned by the establishment of a country 
specific, Program Finance Agreement (PFA) by which investment in a special purpose fund can be 
made by various public and private parties. It is proposed that such a fund should have a capacity of 
over USD$100 million, with a minimum investment threshold of USD$10 million per project.  
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Figure 11-4: Indicative program structure of an independent aggregator approach 

 

The PFA would be a standardised agreement which investors/fund providers sign-up to, in which is 
detailed the specific purpose of the fund, and the various determining criteria a Project must meet in 
order to receive funding from it.  

The fund would be administered by a Steering Committee comprised of representatives of the major 
investors which would also be responsible for appointing the Project Management Facility (PMF), an 
independent entity tasked to provide support, quality control and oversight services for program 
administration and individual project implementation. The PMF would be responsible for developing 
and preparing projects that can meet the investment requirements of the fund; assisting, capacity 
building and if necessary building Suppliers (project implementing agencies, including existing 
hardware suppliers as well as other businesses from related sectors) who can make a business out of 
implementing these projects; and administering the flow of funds to these Suppliers. The PMF may 
be an integrated unit with separate divisions, an umbrella organisation which contracts out the 
various tasks to different entities, or a combination of both, however, it is envisaged that the core 
responsibilities of the PMF will include: program administration; project development and 
maintenance of an investment ready project pipeline; technical direction and due diligence; sector 
development (which may also include local livelihood development); field level services and support; 
and Supplier accreditation.  

The fund would only be accessible to accredited Suppliers who have qualified and successfully 
tendered for Projects developed by the PMF, with the funds disbursed via a standard Project 
Implementation Agreement (PIA). The tendering and approval process for each project would be 
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overseen by the PMF, which would be tasked to review all proposals/tenders, conduct due diligence 
on the business plans put forward and provide recommendations to the fund as to the degree to 
which proposals conform to the PIA conditions and the returns on investment expected. 

Like the PFA, the PIA would be a standardised financing instrument developed as part of the overall 
program development process and forming a legal subset of the overarching PFA. It would lay out 
the parameters for key costs, returns and debt servicing arrangements that proposed business plans 
must meet, as well as the technical and administrative capabilities required by a Supplier in order to 
be eligible to receive funding.  

The proposed program structure assumes a minimum project size of USD $10-25M, each of which 
would be managed by a single legally accountable business entity. These funds would be 
administered by the PMF who would also provide support and oversight to the Supplier through the 
project life.  

11.3.1.2 PROJECT IMPLEMENTATION 

The Supplier would use the funds to build, operate, maintain and manage up to an estimated ~50 
renewable energy mini-grid systems in the region identified in the project tender, and to continue to 
do so at least for the defined operational life of these systems. The ownership and management 
responsibilities of the Supplier would likely cover the generating equipment and the power 
distribution network up to the consumer connection point while individual consumers would own 
and be responsible for everything onwards from there. (Figure 10-5) 
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Figure 11-5: Indicative structure of individual projects encompassing up to 50 or more RE mini-grid systems. 

The Supplier would work with the PMF and a locally contracted Regional Support Organisation (RSO) 
to establish Regional Cooperatives within the area of work, which would sit as registered 
organisations representing the communities to be electrified. Standardised Power Purchase 
Agreements (PPAs) would be established between the Supplier and the Regional Cooperatives for 
the supply of power from these systems. 

The Regional Cooperatives would in turn establish Consumer Service Agreements (CSAs) with all 
customers within the villages they represent who are to be connected. 

Depending on local circumstances, these mini-grid systems may power individual villages or a 
number of villages, however, due to the cost ceilings that exist with mini-grids which limit their 
maximum effective capacity, and the generally dispersed nature of the villages in question, most 
would be expected to be individual systems supplying individual villages.  
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The Supplier would maintain and operate these mini-grids and ensure they provide power of a 
minimum quality, reliability and quantum as laid out in the PPAs, and sell this power to the Regional 
Cooperatives. The total quantum of power purchased by a Regional Cooperative via their PPA (in 
kWh/day) will be the sum of the demand across all of the villages represented by the Regional 
Cooperative. The total demand in each village would be determined through a consultative design 
process run by the Supplier but facilitated by the RSO in which the community as a whole agrees to 
the individual daily energy budgets (in kWh) of every consumer to be connected to the mini-grid 
system, as well as the power costs and other CSA terms and conditions. The system design/total 
demand would in turn be approved by the Regional Cooperative. 

The Regional Cooperative would be responsible for tariff collection and enforcement of the CSA 
terms and conditions in all of the villages it represents, and service payments to the Supplier as per 
the PPA terms and conditions. Individual consumers would be responsible for paying their tariffs to 
the Regional Cooperatives as per their CSA terms and conditions. Regional Cooperatives could meet 
their own non-profit costs through the application of a surcharge on tariffs, or via reimbursement by 
the Supplier on receipt of each month’s tariff payments (or relevant pay cycle). 

Standard penalties in the form of reduced power costs would be instituted as part of each PPA for 
any reduction in power quality below that stated in the PPA; and similar but more flexible penalties 
applied to Regional Cooperatives for late payment/excess power consumption etc. Partnerships with 
local finance organisations/banks could also be established to underwrite these payments from 
consumers until such a time as their credit worthiness can be formally established.  

The RSO is one of the key players within this service arrangement. Its primary role would be to 
provide a partner with experience and demonstrated presence in the local area through which the 
Supplier, Regional Cooperatives and individual villages/consumers can establish productive 
relationships and workable, realistic agreements (both PPAs and CSAs). As such, they would need to 
be independent of the Supplier, have local experience working in the villages to be electrified, and 
have the socio-technical capacities to facilitate community energy planning processes and help 
negotiate realistic and meaningful demand profiles. It is expected that the PMF would need to build 
these capacities. 

Depending on the scale of the project and the demographic and geographic characteristics of the 
villages it plans to cover, there may be more than one RSO employed, just as there may be multiple 
Regional Cooperatives. Increasing numbers of RSOs will entail increasing project overheads, 
however, the establishment and maintenance of sound working relationships between power 
providers and consumers will be the key to ensuring revenue projections are realized over the life of 
the project, so the importance of investing in the right RSOs cannot be understated. This is another 
aspect of the additional investment needed to upscale to viability. 

How RSOs would be compensated for their work could take a number of forms, however, it is 
suggested that the RSO requirements for each project be determined by the PMF during the project 
development process, and paid directly out of the fund via the PMF who will be directly accountable 
for their work. 

11.3.2 POTENTIAL BENEFITS  

The primary intention of the proposed program structure is to reduce the administrative overheads 
associated with arranging and mobilizing finance for large scale mini-grid projects and to streamline 
the approval process for these projects. This can be achieved through the creation of standardized 
program finance and project implementation agreements which sit at either end of the proposed 
special purpose fund and which will guide the flow of funds into it and direct the flow of funds out of 
it to Suppliers, as well as the return of funds over time.   

These agreements need to be created through a collaborative effort between primary investors, 
experienced mini-grid project developers and managers, and be well-informed by private-sector 
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(Supplier) requirements with regards to the workability of the proposed processes and financing 
structures.  

The PFA needs to provide fund providers with an assured means of investing in projects that meet 
their social and fiscal objectives within an acceptable profile of risk and return.  The PIA on the other 
hand needs to provide Suppliers with clear direction and a clear mandate to build the institutional 
structures required to carry out the work and achieve their own fiscal objectives-that of generating a 
reasonable profit. 

One of the main ways this could be achieved is by removing project development from the scope of 
works of potential Suppliers and bringing them within, and subordinate to, the program 
administrative structure and housing it within the PMF. Within the PMF a dedicated unit can be 
established and readily staffed with the requisite skills to carry out this work and ensure that 
projects conform to the program objectives. So long as the PFA and PIA have been well drafted, this 
approach should play a major role in reducing project development costs and timelines, and 
improving the quality of the projects themselves through process standardisation and 
systematization. 

This same approach should also be applied to the project implementation process and the 
development and approval of Supplier business plans; the overall aim being to determine and define 
the minimum technical, financial and other resource capacities required of an Supplier to 
successfully implement and manage the projects and to then mould them to the task, rather than 
trying to fit projects and their financing to existing business structures.  

Such an approach is justifiable because of two key factors: a) the level of funding to be offered, 
which is far in excess of anything yet present in the off-grid, mini-grid market, giving funders 
significant leverage over the businesses to be funded, and b) the dearth of existing Suppliers with 
anything like the required capacities. What is clear is that there exists a need to invest in building the 
capacities of Suppliers to make them fit to receive the funds on offer whatever program structure is 
adopted. 

The benefit of the proposed approach is that the exact capacities needed are to be determined in 
advance and with input from the private sector. There will also be the incentive of a ready pipeline 
of projects which these businesses can bid on without having to make significant up-front 
investment to do so. In this way, the risk profile for the Fund can be lowered and attractive 
investment/business proposals offered to the private sector.  

Another key benefit of the proposed project structure is that it allows Suppliers to limit their 
administrative responsibilities to a handful of customers (the Regional Cooperatives) and not every 
single household. The Regional Cooperatives, which will likely be non-profit, have the benefit of 
being constituted from the customer base and so will have an active stake in meeting their PPA 
commitments. 

11.3.3 POTENTIAL RISKS 

With regards to the risks with this approach, there are two key ones that can be identified, both 
relating to the project side of the proposed structure. The first is that the development of projects 
may prove to be either too difficult or too costly at the clustered scale proposed. The second is that 
it may prove to be difficult to attract sufficient Supplier interest in the program. 

Project development of the scale proposed (both at the initial stages and ongoing) will require 
significant investment in order to deliver readily investible projects suitable to the fund 
requirements, and there is still much that is unknown or incompletely known about many of the 
factors needed to do so. Of these, the following are most pressing:  
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 detailed and supportable estimates of capital costs for the various technologies capable of 
delivering the identified service quality, 

 detailed, and supportable estimates of O&M costs for the various technologies capable of 
delivering the identified service quality, 

 detailed, and supportable estimates of Project and Program delivery and Project 
management costs,  

 evidenced estimates of the impact scaled supply will have on all of these,  

 estimates of the level of investment required to build Supplier capabilities,  

 what level of investment will be required to support local energy dependent livelihoods 
development within villages to be electrified, and 

 a much better understanding of the demand growth profiles that can be expected in the 
regions to be targeted and the impact different project structures will have on this (ie 
heavily clustered vs more dispersed systems) 

 

Obtaining this information is critical to understanding the true costs of a scaled program, and can be 
achieved through a well-structured and targeted pilot program.   

With regards to attracting Supplier interest, one of the main contributing factors will be the limited 
number of such companies currently in existence and the strong tendency amongst those that do 
exist to be focused on a particular business model and more often than not a particular technology. 
Many of these firms are essentially social-enterprises, if only through their pursuit of grant funds in 
additional to private investment; while others tend to be units within larger industrial corporations 
who are often bound to the business practices and processes of their parent company, and often 
with little focus on profit.  

The type of business needed to implement and manage the type of projects proposed are quite 
different and, as already noted may need to be built from scratch or adapted from existing 
businesses. It is likely, however, that the dearth of remote area mini-grid providers can be overcome 
by looking to other more mainstream sector businesses which have the flexibility, appetite and 
willingness to branch out into this new area and can be attracted to do so by the scale of funds to be 
made available. 

There also exists a further, obvious risk around the ability to attract sufficient finance to form the 
Fund, or to form the Fund to the desired format. It is presumed however that this risk exists up-front 
and will either be successfully addressed during the initial development process and therefore 
accounted for, or not be addressed in which case a Fund will not be established and the only loss 
incurred will be in time and labour. This risk can be successfully managed by adopting a staged, 
gated program development process. A well developed and managed piloting of the proposed 
approach that can deliver greater certainty around many of the outstanding knowledge gaps will 
also help address this risk. 
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11.4 PILOTING AT SCALE – A FRAMEWORK FOR PROOFING A MINI-GRID PROGRAM 
STRUCTURE 

Whatever program structure is ultimately adopted it will need to be proofed and the underlying 
assumptions behind it verified and stress tested before any full scale program can be initiated. That 
said, verification can only occur through a pilot of reasonable scale; in which the key assumptions 
around the impacts of scale can be measured and assessed. A minimum project size of fifty villages is 
proposed as a nominal starting point for any pilot program with a total budget including full capital, 
development, program and administration costs of ~USD $20million. 

Defining the outcomes of this pilot program and the field level action-research associated with it 
needs to be further developed, however, at minimum it should include the following: 

 

Objective 1:  Development of a viable financial model for businesses operating large numbers of 
mini-grid systems in rural areas. 

Activities: 

 Macro level assessment of cost trends of key commodities 

 Specification of minimum requirements for access to concessional financing 

 Identifying regional upper/lower limits for tariffs and connection fees (willingness vs capacity 
to pay) 

 Modeling of full LCOE for different technologies and analysis of the impact of scale 

 Determination of minimum number of systems operated by a business through which 
significant diversification of financial risk and optimization of business processes can be 
achieved  

 

Objective 2: Development of standardised technical specifications and supply chains. An effective 
large scale program will inherently allow for cost-reductions so long as the local supply industry has 
the capacity to respond effectively to demand, the best technical solutions are promoted, and 
optimal procurement strategies are established.  

Activities: 

 Assessment of existing supply industry capacity and development of an engagement and 
capacity development strategy 

 Development of assessment matrix for bulk purchasing strategies and associated modelling 
activities of the various procurement strategies (sensitivity analysis; cost trajectories) 

 Exploration and documentation of the optimal modularity of system and/or system 
components to reduce cost and increase delivery efficiency 

 Review of options to ensure systems optimally meet village energy needs as they grow over 
time; and assessment of appropriate technical strategies to achieve this 

 

Objective 3:  Specification of capacity development requirements. A large scale program requires 
specific awareness, knowledge and human and institutional resources relating to mini-grids and their 
establishment and management, within the finance, community (NGO etc), technology (supply), and 
program administration sectors. The minimum requirements for these and the optimal structures by 
which these can be delivered need to be determined.  

 

 

 



  

 Page 67 of 80 

Activities: 

 Documentation of the capacity requirements and associated development costs for:  
o capacity building amongst the finance sector and government (awareness raising, 

process for developing standardised approval and due diligence requirements) 
o the delivery of core project implementation activities  
o integrated development of productive uptake of energy/local livelihoods - 

recognising that project implementation structures may not be the most 
appropriate for implementing associated livelihoods development activities  

 Assessment of existing supply and installation and maintenance industry capacity, and 
development of an engagement and capacity development strategy, or alternate 
arrangements required to meet scaled project needs (eg specially established EPC) 

 

Objective 4:  Development of an institutional framework to manage the program. Understanding 
how the relationship between the core program agencies, investors, facilitating agencies and 
ultimately end consumers can be structured will be key to determining an optimal strategy for a 
large scale remote village electrification program. This includes policy as well as regulatory 
considerations.  

Activities: 

 Assessment of existing policies  and scope for working a large program into these 

 Analysis of regulatory barriers to implementation and various finance options and 
identification of mechanisms for overcoming these  

 Comparative assessment of merits of debt and equity financing in relation to their relative 
impacts on the required system ownership arrangements 

 

Objective 5: Quantification of impacts on livelihood development. The effectiveness of any program 
is ultimately measured by its impact on the local community and its ability to remain self-sustaining 
into the future.  

Activities 

 Review of existing energy-livelihood business models; and collaborative identification of key 
fundamentals and assessment of minimum requirements for additional resources/delivery 
mechanisms to assist energy uptake for productive purposes in electrified areas; and costing 
of this 

 Baseline socio-economic survey of target and representative villages/households to assess 
minimum capacity and potential of livelihoods development 

 Assessment of the various approaches to program clustering, particularly the implication of 
each on local livelihood and economic development, with a view to identifying the minimum 
critical mass of energy infrastructure needed to produce meaningful local development 
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11.5 PILOT PROGRAM LOCATION 

The location of the pilot program should be in the mainland South Asia region (India, Nepal, 
Bangladesh), not an islanded region or country (transferring lessons from the mainland programs to 
island programs will arguable be easier than the other way around). There should be a preference 
towards a ready availability of un-electrified villages within the selected region, a reasonably mature 
supply industry (or general infrastructure supply industry), and a preference for villages with socio-
economic and demographic characteristics that are broadly relevant across un-electrified villages in 
the wider region.  

While the pilot program could be a regional initiative implemented in more than one country, the 
availability of funding and expected difficulty in attracting additional private investment and 
government funds suggest the focus should be on one, localized region within one country. 
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12 CONCLUSION: 

Renewable energy based mini-grids have been deployed for village electrification for over thirty 
years yet they remain a marginal option, principally due to a number of key, interrelated structural 
barriers around governance, finance and supply chains that have yet to be fully resolved. Despite 
some promising examples over the recent past there is still no sure route to their scalability.  

In addition to these barriers, a key gap in broader stakeholder capability has been identified around 
the ability to aggregate demand. A scaled mini-grid program requires the aggregation of significant 
numbers of consumers and by extension the systems that serve them in order to achieve viability for 
the business enterprises that will own and operate these systems. Yet the viability of mini-grids is 
still largely modeled around individual systems rather than assessing them as components within a 
larger, multi-system business enterprise.  

Adopting an aggregate ownership and management model, based on the concept of a clustered, 
mutually supportive, multi-system approach provides opportunities for both maximizing revenue 
and reducing life cycle costs; both critical components to achieving viability.  

This report contends that any viable scaled mini-grid program structure needs to demonstrate a 
means of aggregating systems locally in order to build efficiencies in planning and financing, program 
administration, equipment supply, and operation and maintenance services; and that only by doing 
so can real scale be achieved. Programs and individual systems within them must also be able to 
demonstrate they are technically stable, provide a reliable supply, can therefore ensure sustained 
revenues, and consequently remain financially viable. 

Achieving scale also requires solutions to be easily replicable and be flexible enough to be applicable 
to differing regions and socio-economic profiles. Importantly, it also needs to be impartial to the 
supply technology in order to be able to offer the optimal level of service for the lowest life cycle 
cost across all villages within a program region.  

In order to attain these characteristics, the program structure ultimately adopted needs to 
demonstrate a number of specific characteristics including: 

 A streamlined, standardized project development and approval process - to ensure a 
pipeline of ongoing investment ready projects; 

 A capacity to attract a range of finance including public grants, and private sector investment 
including senior and mezzanine debt, equity, soft loans and others - in order to manage risk 
and achieve optimal project finance structures; 

 A supportive operating environment - to facilitate the establishment and maintenance of 
productive relationships between finance providers, suppliers and consumers, and make 
available resources for capacity building of these key actors where necessary; and 

 A clearly defined strategy articulated within the business model for building optimized 
supply chains for both equipment and O&M services.  

This approach has widespread merit across South Asia where a majority of the Asia Pacific region’s 
un-electrified communities exist and share a set of common characteristics. The fundamentals 
barriers and viability characteristics are also generally applicable to island communities, though the 
extreme remoteness of many of these communities will continue to impose additional and largely 
unavoidable capital and O&M costs that only technical and administrative standardization can hope 
to ameliorate. 

In terms of program structure, there are a number of current approaches which seek to achieve 
these viability characteristics, each differing mainly by the role allocated to each of the three main 
actors within the operating environment of a mini-grid program: Finance providers, Suppliers 
(equipment and services), and Consumers.  

Underlying all of these approaches is the same basic business premise:  



  

 Page 70 of 80 

a) Capital funds need to flow to Suppliers for them to use establishing systems,  
b) Suppliers then either operate/manage or lease or sell these to a third party power provider; 
c) Revenue is extracted from end customers to repay the initial investments plus a margin, 

subject to the investment directives of each party.  

A capacity assessment of these actors shows that any program led by any one individual actor will 
ultimately be compromised by their specific set of capabilities and lack thereof in one or more key 
areas. That is to say that no one actor has all the particular capabilities needed to pull together, 
establish and manage a large scale mini-grid program in the most effective manner. Actor led 
approaches therefore increase the overall risk profile of a program. 

Also, the ability of any these three actors to aggregate demand at significant scale is severely limited, 
indicating that there exists a capacity gap within the environment which needs to be filled in order 
to achieve viability. 

A general review of the mini-grid sector as it exists today shows that it suffers from continuing risk 
aversion from potential funders, distracting debate between suppliers about the competitive 
relevance of different technologies, and a lack of clear program-level successes by which to 
champion the role of mini-grids in improving access to energy and economic development. 
Individual actors continue to play only to their strengths, glossing over those areas where they lack 
the required capabilities for fear that it will lose them funding, and are failing to effectively reach out 
to and partner with others who do have these capacities and can augment their own strengths.  

In light of this, an alternative approach has been proposed utilizing a strengths based programming 
approach to achieve an attractive investment profile for both Finance providers and Suppliers with 
good service outcomes for Consumers.  

This approach employs a private sector led ownership and management model with a hybrid 
financing structure In order to bring the specific strengths and capabilities of Finance providers, 
Suppliers and Consumers together. This is then facilitated by an independent program management 
facility, where each actor is appointed to fulfill those roles to which they have specific competency. 
In this way each required activity is undertaken to the greatest effect and the operation of the 
program is optimised. Thus, Finance Providers are tasked to arrange a financing structure, Suppliers 
are responsible for ensuring the best technical solution is installed in each village at least cost, the 
local aggregating capacity of consumers is leveraged and the benefits of community inclusion in 
demand assessment and local governance are fully realized. 

The approach is termed “independent” due to the role of the Project Management Facility (PMF), an 
independent entity inserted into the mini-grid operating environment as an additional actor with a 
set of roles and responsibilities that cover areas none of the three existing actors can adequately 
fulfill (eg project development), whilst also facilitating effective and productive relationships 
between the other three actors. 

The approach is also termed an aggregator in that what it seeks to do is aggregate finance to a scale 
that can significantly reduce transaction costs, making it cheaper and easier for Suppliers to access 
finance; and aggregate consumer demand such that the administrative costs of servicing them is 
significantly reduced.  

This analysis does not discount individual actor-led approaches, and was undertaken in an effort to 
clearly identify the key characteristics of viability for a program. How a program is structured is 
therefore of less importance than its ability to meet these meet these criteria. The alternative 
approach proposed has been developed therefore more to provide an indicative framework showing 
how a viable large scale mini-grid program could look and thereby assist in the development of such 
a model, be it based on an existing program, business or project, or building up something from 
scratch. 

Whatever approach is ultimately adopted the key learning from this report is that approaches to 
mini-grids have to date largely looked at ways of down-scaling—largely capital—investment in 
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search of viability; yet that this has largely resulted in only reducing the level of service they provide 
and therefore severely limiting the ability to maximize revenue from consumers.  

The time has come to now attempt the reverse, to up-scale investment in systems in order to 
provide services of a quality that will leverage consumers’ maximum willingness to pay, in an 
ongoing basis over the life of the investment. Doing so will involve addressing all of the structural 
barriers facing mini-grid deployment which can only be achieved by allowing individual actors to play 
the role they excel at and either sufficiently supporting them to undertake the roles they are not 
built for or even necessarily interested in, or developing a secondary means of doing so through a 
specialized agency. 

Piloting at scale is also required both to verify and stress test the underlying assumptions of the 
proposed program structure/s, as well as to measure and assess key assumptions around the 
potential cost impacts of scale.  A minimum project size of fifty villages is proposed as a nominal 
starting point for any scaled pilot program with a total budget including full capital, development, 
program and administration costs of ~USD $20million.  

The future of mini-grids is not in reducing their cost but increasing their value: using a demand 
driven design process to detail and meet the service requirements of consumers and thereby 
maximizing revenue and hence financial viability as well as the social and economic impact of these 
systems. 

This facilitated engagement and management program model will vary from country to country, 
region to region based on the specific strengths and weaknesses in each area relative to the extant 
barriers. It is clear however that all elements of a program such as that proposed must share a 
common set of objectives and must be: 

 Planned and coordinated; 

 Structured; and, 

 Delivered in an integrated manner. 

Importantly the focus MUST be on achieving higher value NOT lowest cost outcomes. The following 
section describes one possible framework for delivering this framework. 
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13 APPENDIX – CASE STUDIES 

The following case studies have been selected as examples of the common approaches to mini-grid 
deployment: Finance led, Supplier led, and consumer led. Each contains an overall of the approach 
with details most relevant to the approach, followed by a brief analysis of their key factors of success 
and failure points, and where (at what scale) they intervened to address the structural barriers 
identified in the report.  A number of other models (projects, businesses and programs) are listed at 
the end of each case study, however these should not be considered in any way to be 
comprehensive  
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13.1 FINANCE LED APPROACH: ELECTRICITY SERVICES IN RURAL AREAS PROJECT 
(ESRAP) – SENEGAL 

In 2002 the Government of Senegal (GoS) initiated the creation of the Senegal Poverty Reduction 
Strategy Paper (PRSP). One component of the PRSP identified the need to better deliver energy 
services in off-grid areas and a number of initiatives were subsequently begun aimed at developing 
and demonstrating decentralized renewable energy systems through a number of pilot projects 
using primarily solar as well as conventional small diesel generators; and testing different technical 
and institutional arrangements.  

These pilots confirmed the demand and interest in such solutions and proved the technical and 
commercial feasibility of these technologies, yet because of a lack of a coherent national renewable 
energy strategy, appropriate institutional and legal structures, and limited public finance availability, 
they failed to attract private sector investment, couldn’t be replicated at scale, and weren’t able to 
prove their long term sustainability.  

In response, the GoS developed a new strategy focusing on developing both public-private 
partnerships and multi-sector partnerships, acknowledging that to effectively scale-up rural 
electrification the participation of the private sector was necessary, as was a means of maximizing 
the positive impact of improved electricity supply on rural economies. 

This new approach included establishing rural concessions to be attributed to the private sector 
following a bidding process which allowed small-scale electrification projects to be developed within 
a technology neutral policy framework. 

It also involved removing the monopoly for providing electricity to rural areas from the national 
utility, SENELEC, and opening up the market to private sector investors and operators, and the 
establishment of the Senegalese Rural Electrification Agency to assist and oversee the process.  To 
overcome the barrier of high up-front connection fees and installation costs, and to ensure 
consistency with rural households ability to pay, the GoS also allowed the creation of a new tariff 
schedule for electricity (monthly lump sum payment) that incorporated pre-financing of connection 
costs, internal installation, and energy efficient lights. (ESMAP, 2008) 

The concession areas were designed to be compact yet large enough to be viable and attract large 
private sector players, and were contracted under a competitive international bidding process with 
selection criteria focused on maximising the number of consumers to be connected (the maximum 
number of connections within the first three years, for a pre-set subsidy amount). 

The program also included several multi-sector energy components (MECs) whose role was to 
enhance the linkages between electrification, small business productivity and improved social 
service delivery. These MECs were essentially a facilitated cross-sector collaboration involving a 
team of consultants representing a wide range of rural activities tasked to identify the potential 
gains in productivity linked with access to energy in the different productive sectors of the local 
economy, and identify areas that should be prioritised for electricity investment. The aim of this 
assessment was to identify ways and means of increasing productivity in rural areas, and creating 
and valorizing new economic activities by use of electricity. (It also aimed to avoid duplication 
amongst various sector stakeholders’ initiatives and at correctly sizing levels of electricity use). 
(Rolland & Glania, 2011) 

Interesting financial aspects on the program include a significant portion of the available subsidies 
being connection-based and supplied only after they had been independently verified, as well as the 
application of an additional subsidy (in addition to the core investment subsidy allocated to the 
concession area) financed under a grant received from the Global Environment Facility (GEF) 
exclusively targeting the use of renewables. This was available as a ‘top-up’ only and the selection 
criteria remained the maximum number of connections regardless of the supply technology 
adopted. 
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This approach resulted in strong competition which produced good results including a dramatic 
increase in the number of proposed connections and the mobilisation of significant private finance 
(debt and equity).  However, issues have been raised regarding the length and complexity of this 
type of concession model and its apparent high transaction costs. This is perhaps supported by the 
general lack of interest from the bigger, foreign energy companies. Also, despite the additional 
subsidy available from GEF, the uptake of renewable energy was very low, with proponents 
preferring conventional supply solutions, suggesting a continuing lack of awareness and appreciation 
for the benefits of renewable technologies among larger energy sector players. 

Sources: (ESMAP, 2008) (Rolland & Glania, 2011) 

 

13.1.1 PROGRAM ANALYSIS:  

The ESRAP initiative was a finance led initiative in which the primary investor—the GoS—developed 
a program structure and managed all aspects of its implementation. One of the principle areas of 
focus was in aggregating finance and facilitating an effective fund delivery structure.  

In using the concessionary approach they were able to offer proponents the scope to achieve cost 
savings in procurement and present projects of a scale large enough to attract investment. They 
were successful in this.  

The concessional approach also made possible the effective structuring of region level strategies to 
reduce O&M and construction costs, although it does not appear that this outcome was necessarily 
achieved. 

The project did not specifically target aggregating demand, leaving this to the project developer to 
achieve in whatever way they chose, however, the multi-energy sector component of the project 
provides a very interesting—and largely uncommon—demonstration of a programmed intervention 
at the local level to build and develop revenue for the energy systems being deployed. No hard data 
was available regarding the longer term outcomes or sustainability of this work, however, it is an 
encouraging example of an planned, integrated, structured approach to this issue. 

13.1.2 OTHER EXAMPLES:  

 National Township Electrification Program (Government of the Peoples Republic of China) 

 Village Energy Security Program & RVE program (Government of India) 

 Cook Islands Outer Island Renewable Energy Project; 
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13.2 SUPPLIER LED APPROACH: HUSK POWER SYSTEMS - INDIA 

Husk Power Systems was started in 2007 in the state of Bihar where the widespread availability of 
rice husk prompted its founders to focus on the development of a biomass gasifier system that could 
utilise this low cost fuel source for electricity generation. 

Husk Power designs, installs and operates biomass-based power plants (it has recently diversified 
into micro solar grids as well) using its own proprietary gasification technology to convert 
agricultural residue procured from local farmers into electricity, which is then distributed to rural 
households and micro-enterprises through a 220Volt, three phase AC distribution network. Husk 
Power currently operates around 80 or so biomass mini-grids across Bihar ranging from 32kW to 
100kW in capacity, providing electricity to over 200,000 people across 300 villages and hamlets. 
Most of these systems are 100% producer gas. 

Husk power typically works in areas with widespread rice production to ensure a ready supply of fuel 
which it generally buys from local cooperatives, who as consumers of electricity are incentivized not 
to place too high a margin on the husk they are selling to avoid higher energy costs. Alternative fuel 
sources can also be utilized in their systems however. 

Husk Power accesses capital support from the Government of India’s Ministry of New and 
Renewable Energy when establishing new systems, and has a pricing model (which it has adjusted to 
reflect increasing fuel costs and to help optimize system design) that asks customers to sign up for 
two 45 Watt connections. This allows for a 30kW system operating at 50% capacity to supply ~1000 
consumers, which is average size of its target communities. Husk Power systems do not provide 24 
hour supply.  

Its cost of delivered electricity is put at between $0.20-$0.25/kWh (reducing with increasing capacity 
factor), which is around the unit cost charged to end consumers, so its systems are within the 
parameters of commercial viability. To improve its business model, Husk Power is diversifying its 
consumer base to include larger commercial enterprises (to improve capacity factor) and additional 
productive activities involving waste from the generation process. 

Husk Power establishes service agreements with all consumers and collects revenue either itself, or 
through local entrepreneurs recruited to invest in and run individual networks, this last approach 
being its current focus for future systems. 

Husk Power is one of the few examples of a private enterprise that has successfully entered the 
mini-grid market and not only survived but expanded, attracting philanthropic, private and public 
sector investment including secured in late 2012 USD$5 million in equity funding from LGT Venture 
Philanthropy (LGT VP)  alongside other co-investors.  

To reach its current state, Husk Power has had to undertake significant research and development 
around its core hardware and associated equipment; has had to closely study and understand its 
core market - those villages in the rice-belt of Bihar; it has had to identify projects and develop them 
itself; and it has had to raise the finance required to fund these projects. It has also taken on the 
operation and maintenance of almost all of the systems it has established to date. This is a 
significant scope of work for any commercial venture to undertake and while they are to be 
applauded for achieving what they have, it does raise serious questions about the capacity of a 
business like Husk Power to further expand given the increasing scope of resources and capabilities 
required to carry out all of the tasks it has set itself. This is addressed somewhat by their move 
towards only building and maintaining systems and leaving the ownership, operation and 
management to local entrepreneurs, however, it also raises the question of what opportunities exist 
for other actors to value-add to and improve on the business model by bringing in specific 
capabilities that are not a part of the core business of Husk Power, and thereby improve the service 
outcomes for consumers and overall viability of the business.  
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Husk Power has also recently established its own university for training technicians as a means of 
addressing the lack of suitably qualified people to recruit into its own workforce. This highlights the 
demand for human resources the establishment of large numbers of mini-grid systems entails, and 
the level of investment required to support this capacity building. It also demonstrates the fact that 
there is currently no industry or government program tailored to developing these resources. 

Sources: (IFC, 2012), http://www.huskpowersystems.com  

 

13.2.1 PROGRAM ANALYSIS:  

Husk Power is a supplier that has taken on all essentially of the roles required to develop and deploy 
a mini-grid program. Its core strength remains however, technology development, supply and 
maintenance and the creation of effective supply chains, in which they have been particularly 
effective. Their primary level of intervention has been around tailoring a technical solution to meet 
the resource availabilities within their targeted communities, and deploying regionally. This 
combination has allowed them to achieve low capital cost solutions and optimized O&M structures 
at an eventual scale that has helped address some of the barriers around accessing finance. 

They have developed and optimized a model that takes advantage of unregulated or ill-defined 
governance frameworks which has provided them a greater degree of flexibility regarding the quality 
of supply and infrastructure being established and the tariff structures adopted, which in turn have 
provide a means of improving system viability.  

That said, the clear positive message from the Husk Power story is that it is possible to build a 
private enterprise around the deployment of mini-grids and that with success comes and increasing 
ability to attract investment. 

13.2.2 OTHER EXAMPLES:  

 Inensus (Senegal) 

 SunEdison (India) 

 Grameen Shakti (Bangladesh) 

  

http://www.huskpowersystems.com/
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13.3 CONSUMER LED APPROACH: THE BUSHLIGHT MODEL –  AUSTRALIA & INDIA 

The Bushlight Model is designed to enable communities with the resources, capacity and motivation 
the opportunity to access electricity that is reliable (supply is available 24 hours a day, 7 days a 
week); equitable (each consumer is assured access to a fixed amount of energy every day); of a 
known amount (residents determine their own ‘daily energy budget’ through a facilitated ‘energy 
budgeting’ process); and of a known cost (tariff levels are set prior to energy budgeting based on 
realistic life cycle system financial models). It achieves this through an inclusive village energy 
planning process based on the establishment of village level governance structures for managing 
systems; and the design and establishment of renewable energy based mini-grid systems that are 
robust, standardised, of a capacity to meet agreed village needs, and protected from over-demand 
by innovative central and household level demand side management (DSM) hardware.  

The Urja Bandhu (‘energy friend’), a small electrical metering unit, is a simple technology which sits 
at the heart of the Bushlight India Model. Installed in every load-point, each Urja Bandhu is 
individually programmed to make available a fixed amount of energy (Watt-hours) to that load point 
over every 24 hour period. At the specified budget reset time, the unit makes the full daily energy 
budget available and all five display lights come on. As energy is used the lights go off, one after the 
other, in the same way a fuel gauge reduces as fuel is used. If the entire budget is used before the 
reset time the next day, the bottom light turns red and power to the consumer is temporarily 
disconnected. At the next budget reset time, all five lights come on again and the full budget is again 
available. Budgets are non-transferable from one day to the next.  

When Urja Bandhus are connected to every load point, equitable access to energy can be ensured 
while still restricting the total daily demand to the aggregate of all programmed budgets. This allows 
accurate projections to be made of income required to meet known costs, so tariffs can be fixed to 
meet the 'real' costs of operating and managing the system over its design life. The Urja Bandhu also 
enables reliable revenue streams to be established and maintained.   

The Bushlight Model focuses on demystifying the technology and providing people with the tools 
and information to understand how their system is working including image based user manuals, 
operation charts and informative, intuitive interfaces on all hardware. Most importantly though, 
with their energy budget 'refilled' each day and Urja Bandhus designed to indicate the status of the 
energy budget in real time, residents choose how and when they use their energy budget on a day 
to day basis. 

The Bushlight Model is a comprehensively documented and resourced, structured and stage-wise set 
of processes covering everything from initial village selection, through to village energy planning, 
system design and financial modelling, post-installation training and the establishment of suitable 
system support and maintenance networks. It was originally developed through the work of the 
Bushlight project in Australia, an government funded program that works with small, remote 
Aboriginal communities across central and northern Australia to reduce reliance on diesel 
generation and to establish reliable, sustainable energy services. Bushlight systems are generally 
solar energy based and provide a high quality electricity supply to meet the needs of residents of 
remote communities.  Recognized nationally and internationally as a best practice model for rural 
electrification, is has been successfully deployed in over 120 remote Indigenous communities across 
Northern and Central Australia resulting in over 150 household and community scale systems that 
support a broad range of domestic, community and productive energy services. The adaptation of 
the model to the rural Indian context took place as part of the Australian government’s commitment 
to the Asia Pacific Partnership on Clean Development and Climate.  

Sources: www.bushlight.org.au 

 

http://www.bushlight.org.au/
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Image: The Urja Bandhu with integrated switchboard and remote programmer. 

 

13.3.1 PROGRAM ANALYSIS:  

The Bushlight model is based on a series of assumptions around the importance of consumer and 
community level involvement in the design of service delivery solutions, and an acknowledgement 
that resolving the village level barriers provides the first step to addressing those at the program 
level. This has been achieved through a well planned and structured development process that saw 
the model first developed within a comprehensive assessment of the issues facing mini-grid 
deployment in remote areas and the complementary development of a series of integrated 
responses to these. Specific features of the model that illustrate this include:  

 Effective community planning which results in local governance structures able to manage 
supply agreements and provide the stability and assurance of revenue; 

 A standardised design and technology strategy which allows for the development of cost 
effective supply chains; standardized technology also simplifies operation and maintenance 
requirements and reduces costs; and 

 Structured, locally developed and sourced operation and maintenance arrangements that 
better ensures reliable supply, leading to more reliable revenue collection over the 
investment/design life. 

Specifically, the Bushlight Model addresses the barriers through a variety of interlinked and mutually 
supporting energy planning, institutional and technical capacity building activities and locally 
manufactured, DSM hardware. 

The Bushlight Model has a proven effectiveness in resolving the village level barriers and some of the 
program level barriers, and two key lessons can be drawn from its application in both Australia and 
India:  

 Optimising service/supply to match consumers’ identified demands is an effective means of 
leveraging their willingness to pay while still operating with a constrained supply, and 

 The standardisation of hardware and hardware integration results in significant 
improvements in the ease of-, and reductions in the cost of O&M across large numbers of 
systems.  

A failure point of the model however, is a programmatic inability to bring real scale to the 
procurement process and in doing so significantly lower capital costs. With the Bushlight Project in 
Australia, financial impediments to the procurement process was a major influencing factor for this, 
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as was a highly staggered project development and planning process which saw a maximum of only 
five to ten systems being procured and installed at a time. In India, as the systems were only 
demonstration, no leverage could be achieved in the procurement process. Furthermore, the 
capacity of the model to mobilise finance is limited as it is largely an implementation model not a 
business model, so while it can address many of the barriers, it does not provide a broader 
programmatic framework for deployment. 

13.3.2 OTHER EXAMPLES:  

 SELCO (India) 

 Simpa Networks 
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