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Abstract 
 

The current paradigm of renewable energy based off-grid energy systems in India is ridiculed to have 

paid relatively greater attention to techno-economic dimension of project development without 

adequately appraising the importance of other crucial determinants like socio-political, governance and 

institutional, environmental etc. As a consequences of which, large number of projects are producing 

sub-optimal outcomes and are unable to reach at the level of required critical mass to become 

operationally and financially sustainable. Evidences suggest that uniform approach to policy and 

context-neutral interventions have led to a large number of project failures. In the above context, the 

paper makes a case for an integrated approach to mainstream renewable energy based off-grid energy 

systems in the rural areas of India. The approach draws its strength from literature highlighting the need 

for integration in the current realities of the sector. The paper finally proposes an integrated framework 

designed to capture the key dimensions of project development in a holistic fashion.  
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I. Introduction 

 

Recent transformations in the energy policy landscape have ushered a new era of energy sector 

management with specific thrust on decentralized and/or off-grid energy1 supply systems. This focus on 

off-grid renewable energy systems has grown out of simmering discontent with the highly subsidized 

centralised fossil fuel energy supply regimes conjugated with the urgent need to address energy security 

threats and increasing perils of climate change. Centralised supply systems have also been ridiculed for 

being unable to address the ever growing problem of energy access (Hiremath, 2009).   To establish the 

argument, Census 2011 statistics demonstrate that about 300 million Indians are facing acute energy 

access problems reiterating the need to shift to alternative energy supply regimes.  

 

The urgency to address this grave problem of access to energy has even been reiterated at the global 

level.  Global consensus to this has been echoed in United Nation’s (UN) declaration of the year 2012 as 

‘International Year of Sustainable Energy for All’.   The thrust has also been articulated in changing policy 

directions in many countries of the world with targeted focus on decentralized renewable energy 

generation facilities as viable mode of energy supply. For instance, UK Department for Trade and 

Industry (UKDTI) envisages meeting 40-50 percent of energy needs from micro-generation energy 

technologies. India also looks forward to this form of energy supply not only as an additional source of 

energy, but also as an important instrument to improve the socio-economic conditions of rural people.   

 

However, it is contended that the development of renewable energy based off-grid sector in India has 

been largely limited to techno-economic dimension of project development without paying adequate 

attention to other critical determinants such as socio-political, governance, regulatory and institutional, 

environmental, and cultural aspects (Chaurey et al 2004; Radulovic (2005); Cust et al, 2007; Kumar et al 

2009; Balachandra, 2011a; Mishra & Sarangi; 2011). A crucial issue related to the operation and 

management of the sector is to build consensus in designing an integrated framework for the sector for 

                                                           
1 There seem to be confusion about ‘what is meant by decentralized energy?’ (Wood and Baker, 2008).  For the 

present purpose, the terms decentralized energy,  off-grid energy, and distributed energy are used interchangeably.  
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large-scale up scaling and deployment of projects. Though attempts have been made by several scholars 

(Balachandra, 2011; Mishra & Sarangi; 2011), to provide conceptual integrated frameworks for the 

sector, this paper proposes a different construct aiming at resolving the problem of rural energy access 

in a holistic fashion. However, a part of the proposed framework draws from earlier work done by 

Mishra & Sarangi (2011). 

 

The paper is divided into several sections. After appraising the policy and regulatory landscape 

governing the sector in Section II, the paper discusses some stylized facts about the issue of energy 

access in rural India in Section III. Section IV draws evidences from the literature and builds rationales 

for an integrated framework for the sector. A coalesced thinking in terms of integrated framework is 

attempted in the section V. Final section concludes the paper.  

 

II. A critical appraisal of policy and regulatory landscape governing the sector 

 

Recognising the need and importance of electrifying rural areas, Government of India has announced 

several proactive policy initiatives and programmes from time to time to mainstream the rural 

electrification process in the country. It merits mapping the national level policy and regulatory 

landscape governing the renewable energy based off-grid sector as they offer boundary conditions 

within which the project objectives are to be embedded. 

 

Development of renewable energy based off-grid energy systems could be traced back to the year 1992 

when a separate Ministry (Originally named as Ministry of Non-conventional Energy Sources (MNES) and 

re-designated as Ministry of New and Renewable Energy (MNRE) in 2006) was created at the federal 

level to deal with the development and promotion of non-conventional sources of energy in the 

country. However, the irony is that the renewable energy based off-grid sector, for quite a long period 

of time, at least up to the enactment of the Electricity Act 2003, was considered as fringe item and at 

best received a peripheral focus. In fact, many of the rural electrification programmes were part of the 

broader rural development agenda (Bhattacharyya, 2006). Nevertheless, it cannot be out rightly 

deduced from the above that policies and programmes have not created any visible impact on the 
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development of the sector. In fact, two pieces of policy initiatives require specific mention. One is the 

Rural Electricity Supply Technology (REST) Mission launched by Ministry of Power (MoP) in 2001 with an 

objective of ‘Power for All by 2012’. The thrust was to approach the rural electrification through grid 

extension as well as decentralized/off-grid systems. It specifically encouraged rural co-operatives and 

non-governmental organizations to take up the rural electrification activity. Next important initiative 

was the Gokak Committee Report on Distributed Generation 2003. The Committee asserts that 

decentralised renewable energy systems should be used even in areas where grid connectivity exists for 

the effective management of rural power distribution. 

However, with enactment of the Electricity Act, 2003, a new paradigm emerged in the policy arena by 

rearticulating the need for a fresh look into the matter of off-grid energy development in the country. 

The Act has laid down several innovative provisions specifically targeted to develop and promote off-

grid energy systems in the country and created a series of supportive legislations as offshoots of the Act. 

Most relevant section which has important bearing on the sector reads as follows; 

“Provided also that where a person intends to generate and distribute electricity in a rural area to be 

notified by the state government, such person shall not require any license for such generation and 

distribution of electricity” (Section 14) 

 

Besides, there are several other policy and legislative pronouncements made by Government of India 

with the changing needs and priorities. Most relevant among them are Rural Electrification Policy (REP) 

2006, Integrated Energy Policy (IEP) 2006, National Electricity Policy (NEP) 2006. However, it must be 

noted here that all these policy documents cover mostly aspects of centralized power supply system in 

the country with some specific provisions for the off-grid energy system development. In addition to the 

above mentioned policies, there are specific programmes and schemes with targeted focus to develop 

renewable energy based off-grid energy systems in the country. Table 1 offers the detailed mapping of 

all these programmes and schemes and their key elements.  

 

Despite efforts made by planners and policy makers to drive the renewable energy based off-grid energy 

sector in the country in the desired direction, several aspects of these policies and programmes have 

been derided by scholars on various counts.  Criticisms have been leveled against the type of financial 

assistance provided through various programmes and schemes. For instance, Ghosh et al (2006) opined 
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that restricting the financial assistance only for capital component of the projects is ill-conceived and 

may lead to unsustainable outcomes. Some others have questioned the existing piecemeal approach to 

regulate the sector. It is argued that the existing regulatory schemes are inadequate and ill-prepared to 

deal with the emerging challenges of the sector (Sarangi et al, 2012). Existing differences across 

programmes and schemes to deal with the same matter have also been pointed out to be detrimental 

for the development of the sector. For instance, recognition of carbon benefits differs across 

programmes and schemes (Mishra and Sarangi, 2011). Some other scholars (e.g. Hiremath et al 2009) 

have even gone unto suggesting a separate national level policy on distributed generation with 

provisions to deal with the diversity of rural context in India. 
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Programme Starting 

Year 

Targets Subsidy vehicle Financial support Achievements 

Remote Village 

Electrification 

Programme 

(RVEP) 

2001 Electrify census 

villages and 

hamlets that are 

not likely to 

receive grid 

connectivity  

Capital Subsidy 

subject to upper 

limits 

90% of total costs of electricity generation systems 

Maximum Subsidy:  

SHP systems10-1000 KW: 68400 to 98100 per kW 

Biomass Gasifier: 43726 to 68040 per kW 

Maximum CFA per household is Rs.18, 000 

9160 villages and 

hamlets electrified 

Village Energy 

Security 

Programme 

(VESP) 

2004 1000 villages to 

be electrified 

within the current 

5-year plan 

Capital subsidy  

 

Operational 

subsidy for first 2 

years  

90% of the total project cost 

Maximum CFA per household is Rs.20, 000 

10% of the total project cost 

61 projects 

commissioned 

Decentralised 

Distributed 

Generation 

(DDG) under 

RGGVY 

2009 NA Capital subsidy  

Operational 

subsidy for 5 years 

90% of the total project cost 

10% of the total project cost 

NA 

Jawaharlal 

Nehru 

2009-10 20 million 

decentralized 

solar PV systems 

Capital and 

Interest subsidy   

Rs.90 / Wp(With battery storage) 

Rs.70 / Wp (Without battery storage) 

32826 SLs, 26264 

SHL, 18583 STLs, 

76 water pumping 
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Programme Starting 

Year 

Targets Subsidy vehicle Financial support Achievements 

National Solar 

Mission 

(JNNSM) (Off- 

grid 

component) 

to be installed Soft loan @5% p.a. systems and 

standalone SPV 

power plants 

installed 

NA: Not Available 

Table 1. Major renewable energy based off-grid energy programmes and schemes and their key elements
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III. Access to energy in rural India: some stylized facts 

 

Despite several noble initiatives undertaken by international agencies and national governments, the 

problem of energy access continues to persist in many parts of the globe, particularly in two 

important regions of the world i.e. Sub-Saharan Africa and South Asia. International Energy Agency’s 

(IEAs) recent statistics reveal that about 40 % of the world’s population lack any form of modern 

energy and there is a threat that without any additional policy support and action, more people are 

likely to slip into the energy poverty trap in 2030 than now.  

 

India is no exception to the above realities. The problem of energy access in India continues to 

prevail making the mockery of policy efforts taken at federal as well as sub-national levels. The goal 

of providing access to electricity to all households by 2009 and the provision of minimum lifeline 

consumption of 1 unit per HHs per day seems now to be a distant dream. Census 2011 unfolds some 

hard facts about rural electrification status in the country. It reveals that the use of electricity for 

lighting in rural areas has been limited to only 55% rural households, leaving rest to use other forms 

of energy like kerosene and other sources (please refer to Fig. 1). In addition, one also can observe 

that within a decade between 2001 and 2011, there has not been any visible progress made in terms 

of use of electricity for lighting by rural households in India. 
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Fig. 1.  Source of lighting (in %) in rural households in India  

Interestingly, there also exist significant variations in the use of electricity for lighting across states in 

India (Fig. 2). While in Punjab about 95 % of households use electricity, in states like Bihar, a meagre 

10 % of households have access to electricity.  

 

Fig. 2. Rural households with electricity as a source of lighting (%) in 2011 

 

Another interesting dimension to the problem of rural energy access in India is to look at the share 

of consumer expenditure on fuel and light out of total consumer expenditure for a period of time. A 

comparative picture of consumer expenditure between urban and rural households in India presents 

interesting insights. It can be discerned from the figure below that for all the periods considered (i.e. 

1993-94, 1999-00, 2004-05, and 2009-10) rural households spend relatively higher percentage of 
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their total expenditure on light and fuel compared to their urban counterparts, barring the year 

1999-00.  

 

 

Fig. 3. Share of consumer expenditure on fuel and light in total consumer expenditure (MPCE) 

 

IV. Building a rationale for integration – evidence from literature 

 

Analytical review of studies on renewable energy based off-grid rural electrification in India unfolds 

several key insights about the state of the sector and challenges intricately associated with the 

development of the sector. This section highlights some key findings of major studies and lists out 

major challenges that have been identified by scholars.  

 

Investigating the rural electrification process in Rajasthan, Chaurey et al (2004) argue that three ‘R”s 

i.e. rural electrification (the process), power sector reform (the catalyst) and renewable energy 

technologies (the means) could potentially be converged to meet the energy need for the rural 

people in India and conclude that the problem of providing energy to rural areas gets compounded 

due to the lack of access to supportive infrastructure services, and lack of potential markets etc. 

They further argue that even if off-grid solutions exist in some areas with no grid supply, lack of 

follow up and maintenance services cause hardships for sustainable supply of electricity through off-

grid modes. Drawing evidences from developing countries, a study by ECN (2005) identifies three 
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critical factors i.e. sense of ownership, affordability, and post-commissioning support contributing to 

the successful implementation of rural electrification models. Focusing on the role of state in 

promotion of off-grid PV markets, Radulovic (2005) argues that since off-grid PV based systems are 

different from the traditional grid supplied systems, they require a different institutional set up and 

strategies in order to replicate it in a larger scale. Studying the impact of small hydro schemes on 

four varieties of capital structure i.e. financial capital, natural capital, human capital, social capital 

and physical capital and gender equity, Reddy et al (2006) posit that three factors contribute for 

such a poor state of the off-grid energy sector i.e. (i) the potential sites are located in far off places, 

(ii) most of them are not commercially viable due to their size and remoteness and (iii) there has 

been a lack of needed policy attention in this direction in the past. Studying the biomass technology 

based off-grid energy systems Ghosh et al (2006) contend that there is a clear absence of required 

institutional mechanism for stakeholder interactions, information dissemination and awareness 

building. Whatever efforts have been undertaken by state level agencies, NGOs and research 

institutions, they are limited and insufficient for large scale deployment of these technologies. 

Others like Cust et al (2007) in an interesting piece of research demonstrate that while economically 

viable technologies can contribute to the success of the project, appropriate organisational 

leadership and institutional structure are also considered key for the sustainability of these projects. 

Similar arguments have also been offered by Kumar et al (2009).  Kumar et al (2009) argue that most 

of the installations of the off-grid systems in India focus on technical considerations without paying 

adequate attention to the long term sustainability of the project. In the similar vein Balachandra 

(2011a) emphasizes that interventions should not be limited by technologies, resources and energy, 

rather the focus should also be on policies, institutions and capital. Mishra and Sarangi (2011) in an 

interesting piece of research argue that the operational viability of off-grid projects in India are 

largely determined by policy support, social acceptance in the form of community participation, 

linkages with income generating opportunities, and technological appropriateness.  

 

It can be concluded from the review above that off-grid renewable energy rural electrification in 

India has been limited to analyzing techno-economic assessment of the processes and development 

of these systems without paying adequate attention to other critical determinants  such socio-

political, governance and institutional, environmental and cultural aspects. This sets grounds for a 

case for an integrated framework. The need for integration becomes imperative given the current 

sorry state of energy access accentuated by multiple infirmities inherent in the sector’s functioning 

such as lack of effective policies and programmes, weak institutional endowments, ineffective and 
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inefficient governance regimes, ineffective delivery mechanisms, and lack of private benefits ( 

Balachandra, 2011a). 

 

V. Conceptual building blocks of an integrated framework  

 

While the need for an integrated framework has been reiterated by various scholars, the moot 

question is to frame an appropriate construct keeping in mind the realities of the sector and socio-

economic setting of rural India. Importantly, understanding the context and characterizing it 

becomes crucial when we think of a specific type of intervention. We propose to characterize the 

context on the basis of four critical factors i.e.  community characteristics, strength of economic 

linkages, level of policy support at the sub-national level and maturity levels of various technologies.  

Importantly, while two important factors i.e. community characteristics, strength of economic 

linkages shape the context at the bottom level, relatively closer to the life cycle of the project 

operation and management, other two factors i.e. level of policy support at the sub-national level 

and maturity levels of various technologies impact at  a relatively higher scale. Juxtaposing the 

prevailing context at the bottom with the situation at the top gives the needed direction for the kind 

of intervention needed. Interventions could range between two extremes. At one extreme, 

electricity could be considered as a merit good, where public support is essential at least for the few 

initial years of the project installation and maintenance, on the other extreme,  electricity could be 

considered as fully marketable product, where private enterprise led business models could be 

envisaged (Mishra and Sarangi, 2011).  The specific decision about the type of intervention largely 

depends on the context characterized by four key determinants mentioned above.  Once a decision 

is made regarding the type of intervention, the next step is to follow a sequential path in key 

decision making aspects of project operation and management. Fig. 4 identifies those sequential 

paths to be followed while deciding on key decision variables. 
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Fig. 4. Mapping decision stages and sequential pathways 

 

The process mapping should ideally follow several steps in a sequential manner. To initiate the 

project, the starting point is to carry out a needs assessment survey to elicit the energy or load 

requirements for the village(s). The needs survey must accommodate the socio-economic conditions 

of people expected to benefit from the intervention. It should also try to accommodate foreseeable 

future energy requirements. The next question is to assess the available resources through 

appropriate techniques like multi-criteria decision making (MCDM) tool or spreadsheet model etc. 

Once the decision regarding specific technology or combination of technologies is made, the need 

for required finances should be estimated and various financial options could be weighed. 

Depending on the feasible options for appropriate technology combined with available financial 

options, techno-economic analysis of various options could be carried out through HOMER or 

RETSCREEN tools. The final and key element is to bring in place the policy element. In fact, the 

financial needs and level of policy support decide the type of intervention required.  
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VI. Concluding thoughts 

 

Despite several noble attempts made at the policy level to mainstream renewable energy based off-

grid energy sector in India, the problem of energy access continues to persist for quite a long period 

of time. It is argued by scholars that policy inadequacies and inconsistencies could be attributed as 

one of the culprits for such a dismal state of energy access in the country. However, it is increasingly 

realized that the most important missing dimension for large-scale up scaling and deployment of 

these systems is the lack of an implementable integrated framework for the sector. Factors 

instrumental for the long-term sustainability of renewable energy based off-grid energy projects are 

either sidelined in the process of project operation and management or are given a peripheral 

attention. The present paper proposes an integrated framework for the sector to fill the void by 

prioritizing key contextual elements such as community characteristics, strength of economic 

linkages, level of policy support at the sub-national level and maturity levels of various technologies. 
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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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