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Abstract 
 

As off-grid electrification receives global attention in the Sustainable Energy for All initiative, the role of 

regulation for this alternative form of electricity delivery requires a careful investigation. This paper asks 

whether the activity has to be regulated or not. It then tries to find out where regulation can be used and what 

type of regulation is appropriate. It suggests that for product-type delivery options, there is no justification for 

regulatory intervention in the sense of utility regulation but such intervention makes sense in the case of mini-

grid-based off-grid delivery options. The paper considers the pros and cons of a generic licence waiver, a 

simplified regulatory arrangement and a full-fledged regulatory supervision and suggests that a light-handed 

approach is appropriate in general to promote the activities of the sub-sector but more formal approaches may be 

required if the players do not abide by the rules. The paper also highlights some regulatory challenges and 

issues.  
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1 Introduction  

 

The Sustainable Energy for All initiative of the Secretary General of the United Nations (UN) in 2012 

has crystallized the global attention on the energy access challenge. It is estimated that about 1.3 billion people 

in the world in 2010 did not have access to electricity and 2.6 billion did not have access to clean cooking 

energies (IEA, 2012). It was further suggested by IEA (2011) that the universal access to sustainable energy will 

not be achieved unless significant investment is targeted towards energy access provision. In its New Policy 

scenario the International Energy Agency (IEA) estimates that $15 billion per year will be invested between 

2010 and 2030 to provide energy access, yet such a level of investment will not be sufficient to ensure energy 

access to all – by 2030, about 1 billion people will still lack access to electricity and 2.7 billion will not have 

access to cooking energies. IEA (2011) suggests that to achieve universal energy access by 2030 requires an 

annual investment of $48 billion, a five-fold increase in the investment compared to that in 2009.  

The investment need for energy access is dependent on assumptions of technology choice but cooking 

energy provision tends to be less capital intensive than electricity access provision. Accordingly, IEA (2011) 

estimates that more than 90% of the investment will be targeted to electricity supply. Given that South Asia and 

Sub-Saharan Africa are the two prominent regions without energy access, the investment will have to flow to 

these regions. 60% of the investment for electricity access will be needed in Sub-Saharan Africa. Although grid 

extension and off-grid/ decentralized systems will be deployed, the share of decentralized solutions is likely to 

dominate. IEA (2011) suggests that 70% of the electricity access investment will go to off-grid applications, 

with a 63:35 split between local mini-grids and other off-grid solutions.  

Given the potential for such a prominent role for off-grid applications in the future in poorer 

developing countries, the issue of developing proper regulatory arrangements for governing off-grid 

electrification or decentralized electrification becomes a central challenge. In order to enhance electrification 

through off-grid access systems, a properly defined business environment is an essential requirement, 

particularly when private participation is aimed at. The commercial viability of rural electricity supply and the 

issue of long-term sustainability of delivery systems are likely to be closely related to the regulatory choice. The 

regulatory arrangement has to be compatible with the existing institutional arrangements while it has to be 

flexible and appropriate for the chosen delivery mechanism.  Moreover, the delivery mechanism can evolve over 

time and new delivery systems can emerge, while the possibility of inter-connecting the off-grid systems in the 
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future or embedding them in the central grid system eventually cannot be overruled. The regulatory arrangement 

needs to allow for such an eventuality. Path dependencies of existing and new delivery systems, and their 

compatibility with the regulatory environment raise some concerns about their acceptance and effectiveness.  

Despite its importance, it appears that the regulatory issues related to off-grid electrification have received 

limited attention. Bhattacharyya and Srivastava (2009) considered the regulatory challenges of rural 

electrification in the context of an Indian initiative but this was not specifically for off-grid electrification. Only 

Reiche et al. (2006) have considered the issue in some detail while ESMAP (2001) and World Bank (2008) 

provide some references to regulating these activities. But given that the off-grid electrification can take 

different delivery paths, organizational arrangements and ownership patterns, the literature has not clarified the 

role of regulation clearly and extensively.1 The purpose of this paper is to bridge the gap by analyzing the role of 

regulation in off-grid electrification in developing countries. Accordingly, the paper aims to analyze the 

following questions: 

a) To regulate or not to regulate off-grid electrification is the primary question. Does 

decentralized electrification require regulatory supervision and if yes, what should be the 

purpose of such supervision?  

b) What should be regulated and how would the regulatory arrangement differ depending on 

the delivery system?  

c) What are the possible concerns or issues related to the effectiveness of the regulatory 

systems? 

  

However, it needs to be highlighted that the economic, social and policy landscapes of countries 

facing electricity access problem are not homogeneous. Therefore, this paper aims to provide a 

broad, generic analysis without entering into the specific characteristics of each country, which is 

beyond the scope of the paper. However, it refers to relevant examples from South Asia and Sub-

Saharan African experiences. 

 

                                                           
1 This excludes Bhattacharyya and Dow (2013) on which this paper is based. 
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The paper is structured as follows: section 2 presents a quick review of the energy access challenge 

and the role that off-grid electrification can play in mitigating the challenge; section 3 highlights the 

business activities and alternative delivery mechanisms used in off-grid electrification; section 4 

considers whether to regulate or not and how while section 5 raises regulatory challenges and 

issues. The final section provides brief concluding remarks and policy recommendations.  

2 Energy access and off-grid electrification 

According to IEA (2012), 1.27 billion people in the world did not have access to electricity in 

2010 while 2.59 billion people did not have access to clean cooking energies. The access problem has 

a distinct regional dimension –Sub-Saharan Africa and Developing Asia are two distinct regions 

where the problem is acute. 590 million people in Sub-Saharan Africa lack access to electricity while 

628 million in Developing Asia face the same problem (IEA, 2012). Similarly, 698 million people in 

Sub-Saharan African and 1.8 billion in Developing Asia do not have access to clean cooking energies. 

Near 100% electrification in China has significantly improved the electricity access figure in 

Developing Asia but the cooking energy challenge persists. The regional averages also mask the 

severity of the problem faced by many countries. For example, 92% of population of Uganda, 85% of 

Tanzania and DR Congo lacked electricity access in 2010. Similarly, 96% of Ethiopia and Uganda, 94% 

of Tanzania, 93% of DR Congo and 80% of Kenya’s population did not have access to cooking energy 

in 2010 (IEA, 2012). Figure 1 presents countries with large population without energy access.  

Further, energy access is predominantly a rural problem. 1.1 billion (out of 1.3 billion or 

85%) lacking electricity access are found in rural areas. Similarly, more than 2.1 billion (out of 2.6 

billion or 81%) lacking clean cooking energy access reside in rural areas (IEA, 2012). This disparity is 

acute in low income countries in general and in Sub-Saharan Africa in particular. UNDP-WHO (2009) 

indicated that 87 and 89% of rural population of LDC and SS-Africa lack access to electricity 
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respectively. Similarly, 97 and 95% of rural population of LDC and SS-Africa lack access to clean 

cooking energies in 2008 (UNDP-WHO, 2009). 

In the case of electrification, grid extension has emerged as the preferred mode of 

electrification in all successful cases, although off-grid electrification has been used either as a 

temporary solution (a pre-electrification option) or as an inferior solution2. Off-grid solutions have 

been promoted where the grid has not reached or is unlikely to reach in the near future. According 

to World Bank (2008), portable 5-10 kW diesel generators are widely used as the conventional 

solutions. The solar photovoltaic systems (in local grid or in battery charging systems) and the Solar 

Home Systems (SHS) have emerged as the preferred off-grid technology for rural areas (IFC, 2007). 

IFC (2007) estimates that SHS has provided electricity access to between 0.5 and 1 million 

households in developing countries. REN21 (2011) also supports that the interest for off-grid 

technologies is growing in developing countries. The growing acknowledgement of off-grid as a cost-

effective solution and the broadening of the focus to sustainable access and enhanced access have 

driven the growth of these technologies. It reports that a large number of solar lighting systems are 

operating throughout the world: more than 500,000 solar PV systems were in use in 2007 in Africa, 

more than 400,000 SHS were sold in China by 2008, more than 600,000 SHS and 800,000 solar lamps 

were in use in India by 2010, 125,000 SHS in Sri Lanka and 30,000 SHS in Bangladesh (REN21, 2011). 

 

Fig. 1: Countries with significant energy access challenge 

                                                           
2 See Bhattacharyya (2013) for a detailed review of progress with rural electrification in the developing 

world. 
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Data: IEA (2012). 

 

As mentioned above in the introduction, off-grid electrification is likely to play even a bigger role in 

the future in the 2030 horizon if universal electricity access has to be achieved by then. This 

therefore calls for a better understanding of the business activities involved in this mode of supply, 

to which we turn next.  

3 Business activities in off-grid electrification  

 

Before the business activities are discussed, it is useful to define certain terms. Electricity has 

traditionally been supplied through a grid system which transported and delivered electricity from centralized 

power stations. However, with the emergence of new generation technologies, there has been a shift away from 

central stations.  ESMAP (2001) defines the decentralized system as “an alternative approach to production of 

electricity and the undertaking and management of electrification project that may be grid connected or not.” 

Accordingly, the decentralization can lead to grid-connected or off-grid (stand-alone) options. When a 

decentralized solution is not connected to the grid, it is known as an off-grid solution (see Fig. 2 for a pictorial 
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view). An off-grid electricity supply can take two forms – individual product-based solutions and collective 

network-based solutions (ESMAP, 2001)3:  

a) Individual solutions normally involve sale of a product or a service that enables individual 

users to produce or generate a small quantity of electrical energy (often at a low voltage) to 

meet some basic household needs of lighting or providing energy for running simple 

electrical appliances such as a television, a radio or a fan or such items. Although the 

literature focuses mostly on renewable technology4 options (such as solar home systems 

(SHS) or solar lanterns or battery systems), petroleum-fuel based small generating systems 

are widely used in many developing countries either as the principal source of electricity or 

as a back-up system.5 The business activity depends on the product or service provided and 

the business arrangement/ contractual arrangement used in a particular case. For example, 

in the case of SHS systems, the business activity generally takes the form of an equipment 

sale, followed by a regular maintenance arrangement of the equipment when the purchaser 

takes the outright ownership. In a hiring arrangement, the hirer pays a rental fee to the 

service provider for renting out an appliance. Small amounts of electricity generation takes 

place through the SHS or petroleum-fuel based small generators for own use by the users. 

In the case of solar PV-based battery/lantern charging systems, the charging station 

generates solar electricity and supplies stored energy.    

b) Collective solutions on the other hand serve more than a single individual user and provide 

electricity to the users generally by producing electricity locally or by procuring electricity 

from other sources and distributing it amongst the consumers. The service provider in this 

case undertakes the business activities related to generation, procurement, distribution and 

sale of electricity. In particular, the supplier invests in generating capacities, makes 

contractual arrangements for procuring electricity, invests in the distribution network, 

maintains the assets, and performs all relevant sales related functions (billing, revenue 

collection, and customer relationship management). The size of operation of such 

                                                           

3 Alternative classifications are also possible but this simple categorisation captures the essential elements of decentralised 

electricity supply. 

4 The technological aspect is not covered here. Please refer to Kishore et al (2013) for a review of off-grid 

technologies.  
5 A battery charging station that is used to charge a number of batteries is considered here as an individual 

product type solution because individuals use either the charged batteries or lanterns for their electricity. 
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businesses can vary but no collective system is feasible below a minimum threshold of 

customers (say 20-30 households, although 50 to 400 households may be more common in 

practice).     

The above distinction is of paramount importance for the purpose of this paper as the 

business activities and operating characteristics are very different in two cases. The focus of 

this paper is only on off-grid solutions and any grid-connected decentralized option is not 

considered here.  

  

Different types of business arrangements can be used to deliver the product or the service. For the product/ 

equipment sale type of activity, four types of business arrangements are commonly found, namely direct sales 

by dealers (on cash payments or for credit), fee-for service (or Energy Service Companies, ESCOs), leasing 

arrangements and hybrid options where a combination of cash sales and fees are used (ESMAP, 2001). In the 

case of direct sale by dealers, the ownership transfers to the customer on payment of full cost. If the dealer 

provides credit, the ownership may rest with the dealer until full payment is made. In the case of micro-finance 

arrangements, the micro-finance organization may also hold the ownership of the equipment as a guarantee for 

the credit facility.  In the case of lease or fee-for-service type of arrangements the supplier retains the ownership. 

The owner normally bears the operational and maintenance risks beyond the normal warranty period.  
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Fig. 2 Electricity supply options  

 

 

 

 

The frequency of transactions involved in the product delivery option can range from a single transaction 

(cash payment to the dealer and transfer of ownership) to regular interactions over a certain period of time (as in 

the case of fee for service or lease arrangements). This depends on the nature of the business arrangement 

chosen (see table 1). However, the duration of the contract tends to be short and long-term dependence of the 

parties to contract is not common. 

 

Table 1: Nature of transactions in the product delivery option 

 Dealer sale-cash Direct sale – 

credit 

Fee-for-service Lease arrangement 

Frequency of 

interaction 

One Multiple – 

regular/ 

irregular 

depending on 

the credit 

Multiple – 

regular 

transactions  

Multiple regular 

transactions 

Electricity 
supply 

Centralised 
Grid  

Decentralised 

Grid 
connected 

Off-grid 

Individual 
solution 

Collective 
solution 
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terms. 

Contract 

duration 

Instantaneous Defined by 

credit terms – 

normally one 

to three years 

As agreed with 

the supplier, but 

with possibility 

for termination or 

non-payment 

As defined by the 

lease arrangement, 

could be terminated 

due to non-

payment 

Ownership Purchaser Dealer until 

full payment, 

then purchaser 

Supplier Supplier 

Maintenance 

responsibility 

Purchaser Purchaser Supplier Could be with 

supplier or user 

depending on the 

arrangement 

    

          

For the network-based service, a local grid (mini or micro grid using alternating current AC or direct 

current DC), local generating plants and a service provider are required. This takes the form of a 

small-scale utility at a remote, rural location and clearly, the service provider approach requires 

undertaking a full-fledged generation, distribution and retail supply activity. Electricity generation 

can come from a number of technologies: solar photovoltaic (PV) systems have been widely used; 

small hydropower is also used where hydro potential exists; biomass-based technologies are also 

used; and diesel generators are also widely used. When the source of energy is intermittent (such as 

solar energy or wind), a back-up system in the form of a storage system or a supplementary source is 

generally used. The generating system tends to be capital intensive but the operating cost is low for 

renewable energy driven systems, while for diesel powered generators the operating cost tends to 

be high. The local distribution system connects the load centres to the power plants. The system can 

be an alternating current (AC) or a direct current system (DC) but commonly AC systems are used. 

Wires and poles constitute the distribution system. This comes at a capital cost but has low 
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operating expenses. Finally, the consumer premises require wiring and meters (or devices for service 

control) to allow supply of electricity and its measurement for billing purposes.   

 The service provider can take a number of alternative ownership forms and organizational 

arrangements, including private franchisees6, co-operatives, community managed systems, or a state 

utility7. Although electricity supply has traditionally remained a stronghold of state utilities in many 

developing countries, they have often focused on grid extensions. Very rarely such utilities have 

ventured into local mini-grids or local supply arrangements. Consequently, various organisations, 

including local communities, non-governmental organisations and the private sector, have tried to 

fill the vacuum left by traditional electric utilities. These organisations pursue different objectives, 

and bring different levels of skills and challenges. For example, a private investor will not be 

interested in any business unless it offers sufficient profits or returns on investment. Therefore, a 

privately owned and operated local off-grid based service will appear in niche areas where the 

business has the potential for generating adequate profits, which could be in peri-urban areas or in 

larger, resourceful rural areas. On the other hand, a local community organization or an NGO may 

take a more social perspective to the business and the profit motive may not drive their activities. 

Similarly, a private investor entering into the rural energy business will either bring or acquire the 

required skills and expertise to run such businesses to support its profit motives. The same may not 

be true for socially-oriented organisations, who may try to rely on available expertise or resources 

rather than bringing professional skills for the utility business, thereby lacking innovation and 

professional management of the system. However, irrespective of the organizational arrangement 

the transactions remain similar.   

Further, as the developments in off-grid electrification have been dominated by donor and multi-

lateral financial agency support where a project-based approach has been pursued, such 

                                                           
6 Here the term is used in the sense of a concessionaire or a licensee that allows private sector participation in 

the supply provision.   
7 See Krithika and Palit (2013) for further details.  
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interventions have led to isolated developments. Although replication remains a possibility, lack of 

integration amongst project-based intervention or with the grid leaves the possibility of developing 

local electrified islands. This also has implications for the regulatory regime and overall 

electrification efforts.     

4 To Regulate or not to regulate decentralized electricity supply? 

Traditionally, when electricity generation and supply has been carried out by a vertically integrated 

utility, it was a regulated business activity and an electricity act (or a similar legal instrument) 

generally governed the operational and developmental activities of the industry. Even where the 

business has been unbundled and deregulated, the transmission and distribution business remains a 

regulated activity while generation and supply are subjected to lighter supervision and control. 

Investments in a network facility are largely sunk costs and hardly re-deployable, while the variable 

cost is relatively low. It is generally considered as a “classic natural monopoly” offering significant 

scale economies. In such a case one entity can provide the service more economically than multiple 

entities. The main economic rationale behind the regulation arises from a dilemma involving natural 

monopoly and the possibility of consumer exploitation by monopolists. The economic logic would 

then require allowing one entity to provide the service which ensures low cost supply. But if a 

monopoly is allowed to operate it also has the potential of abusing its power and charge excessive 

prices for its own profit motives. Forcing the natural monopolist to competition, on the other hand, 

is likely to lead to a situation of perpetual loss, which would not encourage any private provider to 

enter the market. The economic regulation tries to balance the dilemma by granting a monopoly 

status to the service provider but subjecting it to conditions that would protect the consumers as 

well.  

In most countries, the governing act does not generally distinguish between urban and rural areas. 

However, the wave of power sector reforms in the developing countries in the 1990s and in the new 
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millennium has aimed at improving the power sector efficiency through restructuring efforts, where 

vertical and horizontal separation of functions was commonly used. The segmentation of rural and 

urban supply zones was attempted in many countries, particularly in Africa where a separate Rural 

Electrification Agency (REA) alongside a Rural Electrification Fund (REF) was created to enhance 

electrification. In some countries (such as Nigeria, Ghana, Kenya, Mali, Tanzania and Uganda) REA/ 

REF was mandated to cover all types of rural electrification activities (grid and off-grid) while in some 

others (such as Ethiopia, Mozambique and Nepal) they are responsible for the promotion of off-grid 

and renewable energy options only (Mostert, 2008). While the REA approach attempted to 

introduce separate regulations for rural areas, their primary focus was on the electrification process 

and not on a particular mode of solution. For example, Senegal has created a number of rural zones 

and has relied on a concession system for electrification of each zone. However, there is hardly any 

specific approach taken just for off-grid systems. 

Moreover, many countries have developed renewable energy policies and in some cases (such as in 

Ghana) a specific renewable energy act governs the renewable energy development in the country. 

Similarly, many developing countries (such as Kenya, Ghana, and Tanzania, among others) have also 

introduced feed-in tariffs for renewable energies8. However, these acts or tariffs are mostly 

concerned with grid-connected renewable energy systems and accordingly, do not apply to off-grid 

systems as such. Although Tanzania is an exception where a feed-in tariff for off-grid supply is also 

available, a feed-in tariff focuses on the generation side of the business and does not fully cover the 

retail sale business. We are not considering generic feed-in tariffs here. 

 

Generally the service area of a supply provider includes a mix of areas and unless a specific 

exemption or waiver is granted or allowed, the rural electricity supply generally comes under the 

                                                           
8 See Powering Africa through Feed-in Tariff, World Future Council, Heinrich Boll Stiftung and Friends of 

the Earth – England, Wales and Northern Ireland, 2013 

(http://www.worldfuturecouncil.org/fileadmin/user_upload/PDF/Feed_in_Tariff/Powering_Africa_through_Fee

d-in_Tariffs.pdf).  

http://www.worldfuturecouncil.org/fileadmin/user_upload/PDF/Feed_in_Tariff/Powering_Africa_through_Feed-in_Tariffs.pdf
http://www.worldfuturecouncil.org/fileadmin/user_upload/PDF/Feed_in_Tariff/Powering_Africa_through_Feed-in_Tariffs.pdf
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purview of the general provisions of the act and accordingly, the law of the country essentially 

decides whether rural electricity supply is a regulated activity or not. However, the development of 

decentralized solutions in many countries around the world discussed above requires some 

attention. The emergence of the decentralized solutions can be viewed as a response to the existing 

deficiencies to electricity provisions through centralized systems. Such alternative solutions are 

either arising as a consequence of modifications to the regulatory arrangements or developing 

spontaneously (ARE, 2011) outside the scope of electricity supply regulations. Two cases mentioned 

above, namely individual product delivery mode and collective service delivery mode, require 

specific attention in this respect.  

4.1 Regulation of individual solutions 

In the case of individual solutions which are delivered through sale or renting of products, any 

distribution or transmission networks are not involved and electricity supply as a business is not 

carried out. Accordingly, this solution does not violate or interfere with the electricity act or 

regulations and the problem of natural monopoly does not arise. Some amount of electricity 

generation takes place at the consumer’s premises (e.g. SHS and mini generators) but the amount of 

electricity so generated is miniscule. The law of the land may require consent/ approval for such 

installations from competent authorities (such as local authorities and even electricity authorities or 

departments) but being a standard package solution that can be offered by multiple manufacturers, 

the basic need for economic regulation does not arise.  

The responsibility for grid-based electricity distribution remains with the distribution utility but the 

product delivery mechanism provides a short-term relief until formal supply arrives. As the product 

delivery mode does not come under the licensed (or regulated) activity, the electricity regulator 

does not control such activities. However, once the grid gets extended and the consumer tries to 

connect her decentralized system to the distribution network, the distribution utility and the 
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electricity regulator becomes interested parties and the activity comes under regulator’s jurisdiction 

through the code for the distribution network.  

Although the electricity regulator may not be involved in the product delivery mode, other rules/ 

standards/regulations may apply to product/ equipment delivery activities. The product or 

equipment will be subjected to technical standards (regulations) for quality, environmental 

standards, and even consumer protection regulations/ laws. Similarly, if credit-based systems are 

used, the financial intermediaries may be subjected to specific financial regulations to prevent 

cheating, rent seeking and exploitation. Absence or ineffectiveness in any of these governance 

mechanisms can reduce the benefits to the consumers. On the other hand, the absence of any 

market at present may justify the need for creating a protective environment for private 

entrepreneurs, which in turn may require allowing demarcated delivery zones even for product 

delivery option. This is likely to provide some monopoly rights over the area of delivery but 

depending on the authority used to grant such a protective environment, the regulatory control 

would be decided. In general, the competition authority or authority controlling monopoly and 

restrictive trade practices or a designated state agency would be responsible for monitoring and 

controlling such issues.  

4.2 Regulation of collective solutions  

In the case of a collective service provision, the decentralized service is provided as a substitute of 

grid extension and uses a distribution network and decentralized generators. This conforms to the 

commonly used definition of electricity supply and hence, unless specifically allowed by the 

country’s law, the business activity will come under the supervision of the electricity regulator. The 

need for regulation arises for two reasons: 1) to ensure that the activity complies with the law of the 

land and 2) to protect the investors and the consumers following the standard principles of 

economic regulation indicated above. It needs to be mentioned here that this section of the paper is 

only concerned with decentralized electricity supply and hence deals with a sub-set of the 
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electrification issue (and specifically excludes grid-connected supply, electricity generating projects 

that sell electricity to the grid through a power purchase agreement, resale by any entity, and 

individual systems).  

The recognition of off-grid electrification options in the electricity acts is a relatively new 

development. For example, the Indian Electricity Act 2003 required the Central Government to 

formulate policies for “stand alone” systems for rural electrification which are not connected to the 

grid (i.e. off-grid systems). Off-grid systems for rural electrification are also referred to in the 

Tanzanian Electricity Act of 2008 and in Rwanda’s Electricity Act of 2011 (in the definition of terms 

but not in the main text), whereas the Kenyan Energy Act of 2006 refers to situations where 

conveyance of electrical energy to a transmission or a distribution system cannot occur.     

    

Yet, it is possible to imagine that the regulatory arrangement would depend on the mode of delivery 

chosen in a given case and can take different forms as indicated below.  

a) A generic waiver or exemption from the standard provisions applicable to the electricity 

supplier may constitute a simple solution. This can take different forms.  

a. A blanket exemption for rural areas: This is the approach followed in India where the 

Electricity Act 2003 allows the state government/ state commission to exempt certain 

types of organisations from the licence requirements for rural electricity supply either 

by notifying the rural areas to be covered by them or by specifying the terms and 

conditions for such exemption by the regulator (See Bhattacharyya and Srivastava, 

2009 for further details). The exempted operators can then develop and operate their 

business in the notified villages and charge tariffs without any regulatory 

interventions. Most of the mini-grid systems in India, particularly those by the private 

sector, have followed this approach.  
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b. Exemption up to a threshold size: Here the exemption is granted to small sized 

generators or suppliers of a given threshold size to avoid undue transaction costs. For 

example, isolated grid projects of less than 20 kW generation capacity in Mali, or 

projects with an installed capacity of less than 15 kVA in Senegal do not require any 

authorization. Similarly, sections 18(3) and 18(4) of Tanzania’s Electricity Act exempt 

generators of less than 1 MW and off-grid supply systems of less than 1 MW 

respectively in a rural area of the licensing requirements.  

c. Exemptions for specific organisations: Similarly, specific organisations are found to be 

exempted from the licensing requirements in some countries. For example, in 

Ethiopia the electricity co-operatives are exempted from obtaining a trade licence as 

long as the cooperative is legally registered (Mostert, 2008). 

However, unless the conditions of the waiver or exemption are clearly indicated, and the 

roles and responsibilities of the parties involved are clearly documented, this simple 

option can create confusion and may introduce uncertainties for the business. This can 

also create issues related to reporting and sharing of information related to the activities 

and may prove to be an ineffective system. The possibility of discriminatory tariffs or 

services cannot be overruled either. To overcome this challenge, ABPS Infra (2011) 

suggests a model regulation for off-grid electrification that can be adopted by the 

regulators to manage the development in off-grid electrification effectively.   

b) A simplified, standardized regulatory approach can be a more practical approach. Such a 

regulation should specify the role and duties of the provider, set the information filing 

requirements and ensure consumer protection mechanisms. The purpose of such a light-

handed approach is to reduce the cost of regulation by imposing reduced burden on the 

regulatory agency. For example, ARE (2011) suggests that the obligations for small mini-grid 

operators could be limited to registration requirements and submission of a yearly update of 

their basic information. This is likely to be effective for local community-based organizations, 
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non-profit organizations and private entities with socially driven motives. For-profit private 

organizations may try to take advantage of such light-handed systems to increase their 

profitability. Strong penalties and rule-enforcing mechanisms would be required as deterrents 

in such cases. Reiche et al. (2006) indicate that in Cambodia where many diesel-based local 

grids are operating, the regulator used licensing as the regulatory instrument but has adopted 

a set of tariff tables for setting the maximum tariffs that can be charged by the small rural 

operators. The tariff set in these tables is generic and is not based on specific cost 

characteristics of the individual licensees. It thus reduces the regulatory burden, gives 

flexibility to the operators and provides a clear picture of tariff and subsidy levels to the 

investors before making their investment decisions (ARE, 2011). Similarly, the Forum of 

Regulators in India has developed a draft model off-grid regulation9 that provides a 

comprehensive coverage of the roles and responsibilities of each stakeholder, the information 

filing requirements, contractual framework, and the renewable energy certificates where 

applicable. Article 26 of the Rwanda’s Electricity Act of 2011 provides for a simplified rural 

electrification licence system to expedite rural electrification, although this is not specifically 

for off-grid projects. 

c) A full-fledged regulatory arrangement constitutes the most formal regulatory approach. The 

licensing approach or a concession approach tends to conform to this idea. The national 

electricity regulator can be entrusted with the duty of regulating such licensees or 

concessions. In countries where a separate rural electricity (or infrastructure service) 

regulator has been established (such as REA/ REF), they can also be empowered to regulate 

these services. The regulatory powers are normally derived from a specific legislation (such as 

the Rural Energy Act) and the implementation and governance aspects follow the provisions 

of such legislation. For example, Section 27 of the Kenyan Energy Act 2006 grants licence 

exemption for business undertakings of less than 3 MW capacity but requires them to obtain 

                                                           
9 Forum of Regulators, Model Draft Regulations for Off-grid RECs for Community Level Off-grid Projects”, 

(see www.forumofregulators.gov.in/Data/HomePage/2.pdf last accessed on 24th July 2013). 

http://www.forumofregulators.gov.in/Data/HomePage/2.pdf
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a permit when any supply activity is involved. This applies both to urban and rural locations 

and the activity is subject to conditions specified by the Commission. The permit specifies the 

tariff, maximum capacity of supply, area of supply and the duration of the permit.  Similarly, 

any business of sale or distribution of electricity in Ghana requires a licence under the Energy 

Commission Act whereas production, distribution and sale of renewable energies require a 

licence under the Renewable Energy Act of Ghana. Although Senegal has used the concession 

system for its rural electrification, the system is not specific for off-grid systems. 

 

A full-fledged regulatory arrangement is likely to be a costlier option and a careful cost-

benefit analysis needs to be undertaken prior to the adoption of such an arrangement to 

ensure that the benefits of regulation would outweigh the costs. 

4.3 Regulatory supervision   

It is evident from the above that the need for regulatory supervision is not same for two types of 

delivery channels and for different types of delivery organisations. The need for regulation is more 

evident in the collective solutions and the regulatory framework used in a given case will influence 

the level of supervision. For example, of the three regulatory arrangements indicated in the previous 

section, a full-fledged regulation would require greater regulatory supervision. For example, in the 

case of a concession or a licence system, the regulatory supervision would cover the following 

aspects: 

a) Regulated business activities: The service provider is allowed to carry out specific tasks under 

the permission granted to it. In the off-grid electrification case, it would involve generation of 

electricity and supply using appropriate infrastructure. The sale of electricity is normally 

restricted to final users and re-selling is not normally allowed. This would normally require a 

clear demarcation of the area of activity and a mechanism for avoiding overlaps with the 
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incumbent utility’s service area. Absence of clarity in this respect enhances business 

uncertainties.   

b) Activities requiring prior regulatory approval: The service provider is normally subjected 

conditions requiring it to seek prior approval for a number of activities or transactions. These 

include sale of the business, engaging agents, or transactions with affiliates. 

c) Conditions of supply: Normally a condition of non-discriminatory supply to eligible consumers 

is imposed to ensure that all consumers meeting the supply criteria are connected. Similarly, 

any anti-competitive practices or practices leading to market abuse are also not permitted. 

The regulatory arrangement may provide specific conditions for connection and 

disconnection. An important condition in the case of rural electrification is the performance 

targets (e.g. connection targets and minimum investment thresholds) for electrification in the 

service areas. Normally, a progressive target is set but the licence holder may be allowed 

financial incentives for better performances. 

d) Tariff related provisions: These constitute the most important element of the regulatory 

supervision. The cost of electricity supply using an off-grid system depends on the technology 

used, energy resources utilised, size of the system, demand pattern, infrastructure used, 

service quality and the cost of regulatory compliance. As the cost of supply tends to be high, 

full cost recovery will surely lead to limited access (due to limited affordability of consumers) 

while a limited cost recovery either requires a well-defined subsidy scheme or leads to a 

unviable business proposition, thereby increasing the potential for underachievement or 

failure of the system. The tariff issue can be the most contentious issue for the private sector 

involvement in the business while the challenge is somewhat mitigated in the co-operative or 

community-based service options. In the case of a licence or a concession, the tariff is 

generally stipulated by the regulator but a case-by-case tariff setting may prove to be a 

challenging task when the number of such regulated entities increases.   
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e) Consumer protection: Protecting the vulnerable consumers constitutes one of the main 

purposes of regulation. This can cover protection from abusive tariffs, poor supply quality, 

and other customer grievances (related to billing, connection, disconnection, deposits, 

technical faults, etc.). The licence or concession generally stipulates conditions relating to 

these aspects. 

f) Reporting requirements: All regulated entities are required to provide certain information to 

the regulator to indicate the level of activity, quality of service, or for reporting incidents, 

disputes or grievances. A systematic flow of information allows the regulator to decide 

whether to intervene or not and whether any regulatory change is required. 

 

Evidently, regulation of the business activity will not be an easy process and would require 

significant amounts of training and capacity building both at the regulatory level and the service 

provider level. But more importantly, where exemptions are given or simplified regulatory 

arrangements are used, some of the above aspects may not at all be supervised by any authority, 

thereby leaving scope for potential misuses. This leads to regulatory issues and challenges to which 

we turn next.  

5.0 Regulatory issues and challenges 

Depending on the regulatory arrangement used to promote off-grid electricity service delivery a 

number of issues and challenges will arise due to the specific characteristics of the business. Some 

such challenges are considered below. 

5.1 Clarity about the coverage 

When a formal regulatory arrangement such as a licence or a concession is used, the supplier will 

have a specified area of service where it enjoys monopoly supply rights during the term of licence or 
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concession. In such a case, there is no overlap of service area and the threat of grid extension by the 

national utility does not arise. However, a number of related issues arise here.  

First, if the off-grid areas are curved out for mini-grid service provision, the off-grid service provider 

would be required to take the responsibility of universal electricity supply provision in its area of 

coverage. Although an appropriate time scale can be allowed to achieve this target, such a condition 

is likely to have economic implications for the service provider and accordingly, suitable adjustments 

to the tariff or financial support may be required. Moreover, if the duration of the contract is 

modified unilaterally by the central utility or the government, the off-grid business will be adversely 

affected.  

Second, when a local mini-grid operator fails to deliver or decides to wind up the business upon 

initiating the business, or is asked to withdraw due to poor performance, consumers will be 

adversely affected. Avoiding this eventuality requires developing an arrangement of a “supplier of 

last resort” who could step in in such eventualities. But this is not always straightforward and is not a 

cheap option. Similar problems can arise when no investor comes forward to take a concession or 

the bidding process takes a long time to reach an outcome. For example, in Senegal the rural 

electrification agency in Senegal (ASER) uses the ERIL programme (rural electrification through local 

initiatives) in such cases but when a concession is agreed, these projects can be negotiated for a 

transfer to the concessionaire, although the concessionaire can refuse to take them.     

Third, if the mini-grid offers a limited level of supply, consumers may develop a sense of isolation 

and inferiority compared to a proper grid extension. Although central grid-based supply often fails to 

provide a better outcome in reality, issues related to perceptions and expectation management can 

emerge as a challenge.    

Fourth, when the grid eventually comes to off-grid areas, the assets used for off-grid supply can 

become stranded or obsolete and in some cases, the grid system may represent a duplication of the 
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network, which does not represent a cost-effective solution or an efficient use of resources. If only 

temporary networks are used for off-grid services, which can be dismantled and re-deployed in 

other areas, the cost implication can be limited. However, this option may not be appropriate from 

health and safety perspectives. The other option is to ensure grid connectivity of off-grid generating 

systems and high quality of distribution networks. This has cost implications and can reduce financial 

viability of the systems. Accordingly, the regulatory arrangement has to take care of such issues.    

 

However, where the authority to carry out the off-grid business is derived from a generic or 

specific licensing waiver, the off-grid area is not dedicated to the operator and the jurisdiction 

overlaps with the service area of the distribution and supply entity. In such a case, the most 

important challenge that any off-grid service provider faces is the threat of grid extension. Any 

grid extension soon after the installation of an off-grid system amounts to a loss of business 

opportunity and the risk of non-recovery of the costs. Therefore, a close co-ordination between 

the distribution utility and the off-grid service provider is essential. Aggressive grid expansion 

after launching off-grid services has been a common observation in many countries around the 

world. If the rural areas where the incumbent utility has failed to provide access are excluded 

from its area of service, and one or more off-grid service providers are granted exclusive rights for 

a fixed period, the business uncertainty can be mitigated. However, as such a change often 

requires an amendment to the existing supplier’s service area, it may not be easy and cannot be 

done without the consent of the incumbent utility. In countries where the power sector is still 

under state control and where a state utility provides the service, it may be easier to carve out the 

required areas through state pronouncements. This is likely to be the case in many developing 

countries of Asia and Africa where the reform initiatives did not progress much but the issue 

needs to be looked into in more detail for specific countries. This is an important policy issue. 
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5.2 Quality of service  

In the case of a licence or a concession, the terms of service generally specify the 

performance criteria. However, the off-grid supply need not necessarily aim for the same quality 

standards as is used for the grid-based supply. Generally, any off-grid service often aims to 

provide quality power for a limited period of time. Depending on the system used, the duration of 

supply and technical standards can be quite different from a grid-based supply and it often makes 

sense to prescribe different standards for the grid and off-grid services. Similarly, ensuring the 

reliability of supply is one of the issues faced by most off-grid systems. There are two levels of this 

problem: ensuring service reliability at present and maintaining a reliable supply in the future as 

the demand increases. For day-to-day reliability, the system design, operation and maintenance 

activities play an important role. The availability of technically qualified staff for repair and 

maintenance is also an essential requirement. For a reliable supply in the future, the supplier 

requires load forecasting, system planning and demand management activities, absence of which 

may deteriorate the quality of supply in the future. While a performance standard for off-grid 

supply can specify these, it is generally ignored in most cases, thereby leaving the service provider 

to decide these issues.  

 

In addition, health and safety issues tend to receive less priority in a cost-conscious business 

environment. Compromises in technical standards and use of low quality materials are often 

attempted to reduce initial costs. However, this can increase accident risks and can make the activity 

unsafe. Technical quality and safety standards have to be carefully considered as part of the 

regulatory requirements.    

In the case of licence exemptions or waivers, there is no standard mechanism at present to specify 

such performance standards or to ensure health and safety or reliability aspects of supply. In the 
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absence of any control, suppliers may compromise on the quality to reduce their costs but this can 

have serious external effects in the long run.   

As the mini-grid based supply systems develop in off-grid areas, the issue of inter-connection and 

integration will arise. If different local grids follow different standards, their integration will be 

difficult and significant capital investment for renovation and system upgrading will be required. 

Embedding very small systems to the distribution network can also pose technical stability 

challenges. However, connection to the central grid system can be facilitated through technical 

standardization and by allowing grid connectivity of decentralized generation at the distribution 

level. This calls for non-discriminatory third party access to the distribution system and an 

appropriate distribution code. Thus, it is important to consider quality of service and standardization 

of systems for cost effective outcomes. Similarly, the contractual arrangement between the 

generator and the distribution licensee would have to be appropriately defined to ensure a mutually 

remunerative and non-discriminatory environment. Generally this is achieved through a power 

purchase agreement but to avoid individual regulation of such PPA, a model PPA can be used to the 

extent possible (ARE, 2011).  

5.3 Tariff related issues  

Electricity tariff remains one of the most important regulatory issues and traditional tariff issues as 

well as new issues arise in the off-grid services. Traditional tariff-related issues include appropriate 

pricing of off-grid supply, the case for cross-subsidies depending on the demand or usage pattern, 

compatibility of tariffs with grid-based supply, and the need for and financing of subsidies for such 

services. The traditional challenge of protecting the consumers while allowing the investors an 

opportunity to earn a reasonable return on the investment remains unchanged. The issue becomes 

further complicated due to a number of factors: 1) if the grid-based supply benefits from subsidies 

and cross-subsidies, the geographical disadvantage should not further discriminate rural consumers 

from getting such advantages. However, funding such subsidies initially and in the long run can be 
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more challenging, given the budget constraint of the governments. 2) Similarly, if the grid-based 

supply is much cheaper compared to off-grid supply, the demand for price parity, particularly for 

areas not far away from the grid-based supply, cannot be easily overlooked. 3) The cost is likely to 

vary depending on the electricity generating and supply technologies used. A cost-reflective tariff 

will require different charges for different mini-grid systems but the acceptability of such differential 

rates can be limited. Price parity in such cases between different off-grid service areas can emerge as 

a regulatory issue. Tariff tables mentioned earlier can allow for some flexibility but if the cost of 

supply is beyond the maximum allowed by the regulator, no supplier will come forward.  

The problem is further aggravated by the non-distinctive electricity tariffs between urban and rural 

areas in most countries. Although there is a strong case for distinctive rural and urban electricity 

tariffs (see Bhattacharyya, 2005), its implementation is not easy and this makes comparison with off-

grid electricity tariffs more difficult. The regulatory challenge in respect of tariffs is to decide 

whether to intervene in the tariff matter or not, and how best the tariff can be regulated in this case 

without imposing too much regulatory burden on the service provider while ensuring that 

consumers are not unduly charged for the services they receive. The light-handed regulatory 

approach used in the developed world is often prescribed as the best solution (e.g. Reiche et al., 

2006) but there is limited experience of successful implementation of such schemes in the 

developing countries and hardly any experience in the off-grid electrification area. Therefore, the 

challenge here cannot be underestimated. 

If the business is not regulated, suppliers can freely decide the rates they charge to their consumers. 

The business model will heavily influence the outcome in this case. For example, a co-operative may 

impose an average tariff to recover the costs while a private company may rely on a discriminatory 

rate structure taking consumption volume and demand elasticity into consideration.10  Although a 

private investor is likely to align the tariff to the price of an alternative fuel that has the potential to 

                                                           
10 Charges may be higher for inelastic demand and vice-versa.  
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displace electricity, the unregulated condition is likely to result in costly electricity for the 

consumers. For example, Husk Power in India sets a tariff in comparison to the diesel-based 

electricity supply that they are trying to displace through their off-grid system but uses a declining 

block tariff that gives preference to high volume users.   

It is also possible that the investor will not share the capital or operational subsidies that may be 

available for off-grid businesses in a transparent manner, thereby securing additional financial 

benefits for the investor. However, in such cases the funding agencies such as Rural Electrification 

Funds could exercise indirect control over the fund utilization and misappropriation of funds. 

However, given their limited regulatory roles, they are not ideal substitutes to regulators. 

   In a concession or licensing regime, the tariff policy is normally prescribed and set by the regulator 

and consequently, it is more likely to allow for price parity with the grid-based supply. Any loss of 

revenue will be compensated through subsidies and grants. Similarly, the operator is required to 

report the financial and operating data to the regulator, which puts some check on the misuse of 

grants and subsidies.  However, the interest in the off-grid supply will be decided by the regularity of 

fund flow and the level of recovery allowed by the regulator. In the concession system used in 

Senegal, the tariff is set by the regulator and the tariff is applicable to each concession. However, the 

tariff difference with grid-based supply is kept within 20%11. The Rural Electricity Fund subsidises 

rural electrification investments but as indicated previously, this includes both off-grid and grid-

connected electrification.       

5.4 Regulatory capacity  

Depending on the regulatory approach chosen, the governance mechanism would require certain 

regulatory capacity to manage and monitor the developments in the off-grid sector. Most of these 

would be required in remote areas in countries with limited regulatory capacity in general. The issue 

of a centralized regulatory agency versus decentralized regulatory arrangements will also need some 

                                                           
11 Lighting Africa, 2012, Policy Report Note: Senegal (see www.lightingafrica.org).  

http://www.lightingafrica.org/
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consideration. Given the potential for a large number of regulated entities, the nature of regulation 

and the most appropriate organizational arrangement to manage this would have to be carefully 

considered. This assumes greater importance given the limited size and coverage of most of the 

entities, and the potential for an overwhelming amount of regulatory intervention in this newly 

developing activity. The challenge in this respect has not yet been fully recognized.     

The regulatory tariff-making exercise is a relatively new experience for many developing countries 

and extending this at a village unit level is not an easy task. Even the regulatory bodies with 

experienced staff and the possibility of hiring consultants find it difficult to manage the tariff 

exercise within a limited time, given the information and time constraints. In addition, the 

performance monitoring and benchmarking of off-grid service provision, given the technological 

diversities and geographical coverage, will add to the challenge.  

As the service providers may rely on paper-based systems and the data retrieval/ communication 

systems may not be modern, the regulatory management can be challenging. In addition, there can 

be large numbers of such off-grid systems, which may make timely regulation and decision-making a 

problem if extensive regulation is used. There would be a significant need for capacity building in 

this area. 

Clearly, the simplified regulatory arrangements have some advantages in this respect. A generic 

tariff system for the regulated licensees and a standard template for performance reporting can 

reduce the regulatory burden significantly. However, so far most of the countries have not yet 

started to think about these issues. 

5.5 Information gaps and progress in electricity access  

The basic purpose of off-grid electrification is to enhance electricity access in rural areas. The 

progress in this respect can only be measured through systematic information collection and 

verification of claims. This in turn requires a system of timely information gathering, analysis and 
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reporting, which can be better ensured through electronic data transmission systems. However, 

weak information and communication infrastructure in rural areas can prevent such information 

flow, and create information gaps, that can hinder proper appraisal of off-grid electrification 

influences. As the focus is on household connectivity rather than just availability of networks, a 

system of verification is also required for subsidy allocation and assessment of progress. In addition, 

accurate information is essential for any regulatory decision making process and hence, the 

regulators would need to develop standardized regulatory information requests from off-grid service 

providers to monitor and govern the developments.     

In the case of a licence or a concession system it is easy to include a reporting requirement as part of 

the approval process. This is not true however for those cases where a generic exemption is given 

without specifying the conditions of service. Thus there is need for developing model regulatory 

arrangements for small, off-grid systems as was proposed by the Indian Forum of Regulators.  

6 Conclusions and policy recommendations 

As off-grid electrification assumes a more prominent role in meeting the future targets for 

sustainable energy for all, the issue of developing a proper regulatory environment will require 

careful consideration. This paper suggests that the product delivery mode of operations does not 

require a formal regulatory supervision in the sense of traditional utility regulation but the collective 

service delivery using local networks requires some form of regulation. The possible expansion of 

mini-grid based local systems in the future calls for careful development of the regulatory 

framework to ensure a coordinated development of the off-grid electricity supply business. 

Experience from other countries where local grid has played an important role in ensuring electricity 

access shows that lack of technical standardization and lack of attention to reliability considerations 

can impose significant investment burdens in the long-term12.  

                                                           
12 See Bhattacharyya and Ohiare (2012) for a review of the Chinese electrification case. 
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Mini-grid based local electricity supply activity remains unregulated in many developing countries at 

the moment but this creates confusion and exposes the consumers to price and service 

discrimination/ exploitation. This is also detrimental to the development of the business. However, a 

heavy-handed regulation is likely to defeat the purpose of attracting investors and improving 

electricity access. In addition, the electricity regulators are unlikely to be in a position to manage 

such regulatory interventions due to capacity constraints. A middle path is likely to be the most 

appropriate approach and a country-specific approach is likely to be more useful. In this context, the 

model off-grid regulation suggested by the Indian Forum of Regulators may prove to be a useful 

guidance. 

Off-grid electrification however faces significant regulatory challenges due to the newness of its 

development and poor regulatory capacity of many developing countries. Capacity building will be 

essential to manage the regulatory activities for this emerging business. While a number of 

experiments are going on around the world, the gap in knowledge remains high but there is 

significant cross-learning potential from others through experience sharing and networking events.   
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OASYS South Asia project      

 

The Off-grid Access Systems for South Asia (or OASYS South Asia) is a research project funded by the 

Engineering and Physical Sciences Research Council of UK and the Department for International 

Development, UK. This research is investigating off-grid electrification in South Asia from a multi-

dimensional perspective, considering techno-economic, governance, socio-political and 

environmental dimensions. A consortium of universities and research institutes led by De Montfort 

University (originally by University of Dundee until end of August 2012) is carrying out this research. 

The partner teams include Edinburgh Napier University, University of Manchester, the Energy and 

Resources Institute (TERI) and TERI University (India).  

The project has carried out a detailed review of status of off-grid electrification in the region and 

around the world. It has also considered the financial challenges, participatory models and 

governance issues. Based on these, an edited book titled “Rural Electrification through Decentralised 

Off-grid Systems in Developing Countries” was published in 2013 (Springer-Verlag, UK). As opposed 

to individual systems for off-grid electrification, such as solar home systems, the research under this 

project is focusing on enabling income generating activities through electrification and accordingly, 

investing decentralised mini-grids as a solution. Various local level solutions for the region have been 

looked into, including husk-based power, micro-hydro, solar PV-based mini-grids and hybrid 

systems. The project is also carrying out demonstration projects using alternative business models 

(community-based, private led and local government led) and technologies to develop a better 

understanding of the challenges. It is also looking at replication and scale-up challenges and options 

and will provide policy recommendations based on the research. 

More details about the project and its outputs can be obtained from www.oasyssouthasia.dmu.ac.uk 

or by contacting the principal investigator Prof. Subhes Bhattacharyya (subhesb@dmu.ac.uk).  
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