
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PAYAL DEY 

 
 

 

 

 

 

 

 

  
 

DEPARTMENT OF MANAGEMENT STUDIES 

INDIAN INSTITUTE OF TECHNOLOGY DELHI  

NOVEMBER 2023 

VIABILITY OF BUSINESS MODELS FOR 

RURAL ELECTRIFICATION IN INDIA: A 

MULTI-METHOD STUDY  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Indian Institute of Technology Delhi (IITD), New Delhi, 2023 

 



i 
 

 

 

 

by 

 

 

 

 

 

 

 

 

 

PAYAL DEY

 

DEPARTMENT OF MANAGEMENT STUDIES 

 

submitted  

 

in fulfilment of the requirement of the degree of Doctor of Philosophy 
 

 

 

 

to the  
 

 

 

  
 

      
INDIAN INSTITUTE OF TECHNOLOGY DELHI  

NOVEMBER 2023 

VIABILITY OF BUSINESS MODELS FOR 

RURAL ELECTRIFICATION IN INDIA: A 

MULTI-METHOD STUDY  

 



 

 

 
 

 

Dedicated to my parents. 



i 
 

Certificate 

This is to certify that the thesis entitled “Viability of Business Models for Rural 

Electrification in India: A Multi-method Study” submitted by Ms. Payal Dey to the Indian 

Institute of Technology Delhi, for the award of the degree of “Doctor of Philosophy” in the 

Department of Management Studies, is a record of bonafide research work carried out by her. 

She has worked under our guidance and supervision, and has fulfilled the requirements for the 

submission of this thesis, which to our knowledge has reached the requisite standard. The 

models and research findings presented in this thesis have not been submitted elsewhere for 

the award of any degree. 

 

Prof. M. P. Gupta                      Prof. Sushil 

 Department of Management Studies            Department of Management Studies 

Indian Institute of Technology Delhi          Indian Institute of Technology Delhi 

            New Delhi – 110016               New Delhi - 110016 

 

 

 

 

 

 

 



   
 

ii 
 

Acknowledgements 

This thesis is a merger of philosophies of many institutions and collaborative work of multiple 

research groups. With India’s rising global presence and international influence, it’s a matter 

of pride to be a researcher at the prestigious Indian Institute of Technology (IIT) Delhi, that 

has remained a fulcrum of teaching, quality research and enormous vision; hence I am indebted 

to my supervisors and guides, Prof. M. P. Gupta and Prof. Sushil for taking me on board to 

be part of this impactful academic ecosystem. My gratitude for research support and motivation 

extends to Prof. Jaijit Bhattacharya, and SRC Members, Prof. Amlendu Kumar Dubey, Prof. 

Nomesh Bolia and Prof. P. Vigneswara Ilavarasan. The research advise given by all the faculty 

members of the Department of Management Studies (DMS) from time to time, in particular 

that of Prof. Seema Sharma, Dr. Smita Kashiramka, and Dr. Shuchi Sinha along with timely 

resource support from Dr. Shankar Chavan at the Central Library is highly appreciated and 

acknowledged. I’m deeply obligated to both IIT Delhi and DMS for providing a secure, 

spacious and comfortable research infrastructure that allowed uninterrupted work and 

conducive environment. The unspoken support extended by the DMS staff gave a homely 

feeling; and has been instrumental in uplifting the spirits of Ph.D. scholars especially at the 

times of crisis, my heartfelt thanks to all other members of the DMS family, including the 

guards and cheerful canteen staff for serving high quality and delicious menu!  

As a Fulbright-Nehru Doctoral Research (FNDR) awardee for 2018-19, I am deeply grateful 

to Prof. Ignacio J. Perez-Arriaga and Prof. Robert Stoner for inviting me to pursue part of my 

research thesis at the Massachusetts Institute of Technology (MIT) Energy Initiative, and acting 

as my supervising faculties. As a scholar at MIT, I received excellent office space, access to IT 

facilities, libraries and other resources; attended two courses taught by Prof. Ignacio and Prof. 

Stoner during Sprint and Fall terms; interacted with many distinguished faculty members and 



   
 

iii 
 

students, and participated in conferences and events across MIT, Harvard, Tufts, and other 

universities. The extension of these facilities is duly acknowledged. I am grateful to Prof. 

Chintan Vaishnav for inviting me to participate in the Tata Seminars and giving me the 

opportunity to share policy insights on the research projects of Tata Fellows. I was fortunate to 

attend the course ‘Management, Finance, and Regulation of Public Infrastructure in 

Developing Countries’ at the Harvard Kennedy School, for which I’m thankful to Prof. Henry 

Lee. I would like to extend my gratitude to team-members at the MIT-Tata Center for 

Technology and Design, in particular Stephen Lee, Gregoire Jacquot, Dr. Reja Amatya and 

Rakesh Sridhar for formal and informal exchanges on my research topic and their areas of 

expertise. For the seamless execution of the FNDR fellowship, I’m appreciative of the efforts 

and encouragement by the United States-India Education Foundation members, Diya Dutt, 

Adam J. Grotsky, Pratibha Nair, Dr. Sudarsan Dash, and Mr. Conrad Turner. The support 

system of the Massachusetts Fulbright Association led by Joe McDonough helped in cultural 

integration with the activities of New England.   

I wish to place my deep appreciation for Prof. Subhes Bhattacharyya, Editor ‘Energy for 

Sustainable Development’ for sharing detailed comments of anonymous referees. I am also 

grateful to the feedback by Dr. Elias Hartvigsson on systems dynamics modelling for rural 

electrification, Prof. Debajit Palit for initial review of the research area, and Dr. Praveer Sinha, 

CEO and MD, Tata Power for sharing insights on the business models as a course instructor at 

MIT. I am further thankful to Mr. Samarjit Mohanty, CEO, Feedback Energy Distribution 

Company for the valuable research inputs. I extend my sincere gratitude to Mr. Anand Kumar, 

the then Secretary to the Ministry of New and Renewable Energy, Government of India for an 

initial conversation on the research topic; and Col. Vijay Bhaskar and Ms. Sudeshna Mukherjee 

from Mlinda for facilitating my fieldwork in four villages of Gumla district in Jharkhand, 

sharing data, and in-depth resources through interviews and documents.  



   
 

iv 
 

I am further grateful to the members of the System Dynamics Society and the American Society 

for Public Administration for useful academic resources and scholarships for presenting papers 

in the respective annual conferences. I would like to acknowledge the feedback from Prof. 

Alasdair Roberts and Prof. Meghna Sabharwal on my conference paper, and the South Asian 

Section on Public Administration for amplifying achievements of young researchers. I further 

thank the National Bureau of Asian Research, especially Micah Sindelar, Tom Lutken and 

Chihiro Aita for the Clean EDGE Asia Fellowship 2022-23. I am thankful to my colleagues 

and students at UPES Dehradun, especially Dr. Githa Heggde, former Dean, School of 

Business for the encouragement, teaching and research exposure.   

I am grateful for the endless support of DMS researchers Drs. K. Dinesh and Akanksha Mishra. 

I have gained immensely from the Knowledge Sharing Sessions and the Doctoral Colloquium 

organised by the department. In my Ph.D. journey spanning across cities, I thank my landlords, 

Mr. and Mrs. Singh in New Delhi, Mr. and Mrs. Sabharwal in Dehradun; Elizabeth Kenney 

and roommate Charles Gale in Boston for a research-friendly and safe accommodation. I 

further thank my gynaecologist, Dr. Neerja Bhatla at AIIMS, New Delhi, and her team for a 

successful myomectomy; and Sateria Venable, CEO, The Fibroid Foundation for guidance on 

management of uterine fibroids.  

Lastly but not the least, I am indebted to the confidence, love and support system provided by 

my family, especially under exceptional circumstances of going through COVID-19 times, my 

father’s cancer and grief of losing him. My mother Dr. Bindu Dey and, younger brother, Kartik 

Dey stood by me as we all faced many emotional upheavals. Finally I am deeply thankful to 

the support given by Dr. Angela Bader, Andrew Bader, Prof. Manu Sharma, and Dr. Amey 

Sapre in fulfilling the mission of completing my Ph.D. 

Payal Dey 



   
 

v 
 

Abstract 

The thesis investigates the persistent challenges of access, reliability, and affordability of 

electricity in rural India despite near-complete electrification, and identifies possible solutions 

to the problem through a systems thinking approach. The purpose of undertaking this research 

was to address the nearly 70-year-old challenges pertaining to rural electrification in India, 

which are presently linked to the attainment of Sustainable Development Goal – 7 by 2030, 

renewable energy commitments of 500 GW of the Government of India by 2030, as well as 

achieving Net Zero Emissions by 2070 promised at the Conference of Parties – 26 Summit 

held in Glasgow, United Kingdom in 2022. After an initial introduction including the 

motivation, research questions and objectives, scope, overview of the methodology, and 

chapter plan, a review of the literature is presented. The gaps found in the literature are 

addressed with four key studies, and their findings are augmented with policy analysis for 

future action by policymakers. 

The literature review that focuses on types of public-private partnership models for rural 

electrification in developing countries, political perspectives, international experience, and 

successful business models in India concludes with bibliometric analysis. The findings reveal 

growth in the publications related to business models in rural electrification over the years with 

a cumulative number of 49 studies from over 74 countries, with a maximum of 71 publications 

from India on mini-grids as a business model for rural electrification. Other findings were 

energy planning and simulation being the leading methodologies for studies, with a shifting 

trend from development-oriented studies to renewable-based technology-related research – 

these set a context for the thesis.  

The first study conceptualises the challenges and issues of rural electrification in India as a 

‘wicked problem’ – a systems-based approach that has been applied to the field of energy 
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policy since 2013. After an initial understanding of the problems from field visits, the responses 

from stakeholders were organised in the order of influence through a power-interest matrix, 

and their responses were captured in a Causal Loop Diagram with both balancing and 

reinforcing loops. The solutions were further developed into two studies, the first one builds a 

case for a grid-connected solar mini-grid business model for the electrification of rural areas in 

India. The second study proposes an Integrated Distribution Framework for addressing the last-

mile inefficiencies in the power distribution sector in India, exacerbated in rural areas. Both 

studies perform an in-depth analysis of existing business models implemented and planned at 

national, sub-national, and international scales. An operational, financial, regulatory, and 

implementation roadmap has also been discussed. 

The final study is the extension of the systems approach from the conceptualisation stage to 

model validity through system dynamics. With the help of quantitive data on parameters that 

define the demand and supply of a grid-interconnect solar mini-grid, a stock and flow diagram 

has been prepared. The parameters are tested through sensitive analysis, followed by 

developing scenarios on impact variables including mini, and main grid supply, mini-grid 

expenses, levelised cost of electricity, average revenue per user and the overall energy deficit. 

The main results were computing the viability of the business model by breaking even in 4-5 

years, and a need for urgent scaling up for meeting the electrification targets.   

The future steps of the research could be assessing the viability with historical data and the 

application of statistical tools for quantitative analysis in system dynamics modelling. The 

proposed business models could also be studied for similar context-specific environments in 

rural and remote settings.      

 

 



सार 
थीसिि लगभग पूर्ण विद्युतीकरर् के बािजूद ग्रामीर् भारत में बबजली की पहुुंच, विश्ििनीयता 
और िामर्थयण की लगातार चुनौततयों की जाुंच करती है, और सिस्टम थथुंककुं ग दृष्टटकोर् के 
माध्यम िे िमस्या के िुंभावित िमाधान की पहचान करती है। इि शोध को करने का उद्देश्य 
भारत में ग्रामीर् विद्यतुीकरर् िे िुंबुंथधत लगभग 70 िाल पुरानी चुनौततयों का िमाधान 
करना था, जो ितणमान में 2030 तक ितत विकाि लक्ष्य - 7 की प्राष्तत, िरकार की 500 
गीगािॉट की निीकरर्ीय ऊजाण प्रततबद्धताओुं िे जुडी हुई हैं। 2030 तक भारत, िाथ ही 2070 
तक शुद्ध शून्य उत्िजणन हासिल करने का िादा 2022 में ग्लािगो, यूनाइटेड ककुं गडम में 
आयोष्जत पार्टणयों के िम्मेलन - 26 सशखर िम्मेलन में ककया गया था। प्ररेर्ा, शोध प्रश्न और 
उद्देश्यों, दायरे, कायणप्रर्ाली के अिलोकन िर्हत प्रारुंसभक पररचय के बाद , और अध्याय योजना, 
िार्हत्य की िमीक्षा प्रस्तुत की गई है। िार्हत्य में पाई गई कसमयों को चार प्रमुख अध्ययनों 
िे िुंबोथधत ककया गया है, और उनके तनटकर्षों को नीतत तनमाणताओुं द्िारा भविटय की कारणिाई 
के सलए नीतत विश्लेर्षर् के िाथ बढाया गया है। 

विकािशील देशों में ग्रामीर् विद्युतीकरर् के सलए िािणजतनक-तनजी भागीदारी मॉडल के प्रकार, 

राजनीततक दृष्टटकोर्, अुंतराणटरीय अनुभि और भारत में िफल व्यििाय मॉडल पर कें र्ित 
िार्हत्य िमीक्षा ग्रुंथिूची विश्लेर्षर् के िाथ िमातत होती है। तनटकर्षों िे पता चलता है कक 
वपछले कुछ िर्षों में 74 िे अथधक देशों के 49 अध्ययनों की िुंचयी िुंख्या के िाथ ग्रामीर् 
विद्युतीकरर् में व्याििातयक मॉडल िे िुंबुंथधत प्रकाशनों में िदृ्थध हुई है, ष्जिमें ग्रामीर् 
विद्युतीकरर् के सलए एक व्यििाय मॉडल के रूप में समनी-थग्रड पर भारत िे अथधकतम 71 
प्रकाशन शासमल हैं। अन्य तनटकर्षों में ऊजाण तनयोजन और सिमुलेशन अध्ययन के सलए अग्रर्ी 
पद्धततयाुं थीुं, विकाि-उन्मुख अध्ययनों िे निीकरर्ीय-आधाररत प्रौद्योथगकी-िुंबुंथधत अनुिुंधान 
में बदलाि के िाथ - ये थीसिि के सलए एक िुंदभण तनधाणररत करते थे। 

 

पहला अध्ययन भारत में ग्रामीर् विद्युतीकरर् की चुनौततयों और मुद्दों को एक 'दटुट िमस्या' 
के रूप में दशाणता है - एक सिस्टम-आधाररत दृष्टटकोर् ष्जिे 2013 िे ऊजाण नीतत के क्षेत्र में 
लागू ककया गया है। क्षेत्र के दौरे िे िमस्याओुं की प्रारुंसभक िमझ के बाद, र्हतधारकों की 
प्रततकियाओुं को एक शष्तत-र्हत मैर्रति के माध्यम िे प्रभाि के िम में व्यिष्स्थत ककया 
गया था, और उनकी प्रततकियाओुं को िुंतुलन और िुदृढीकरर् लूप दोनों के िाथ एक कारर् 
लूप आरेख में कैतचर ककया गया था। िमाधानों को आगे दो अध्ययनों में विकसित ककया गया, 



पहला भारत में ग्रामीर् क्षेत्रों के विद्युतीकरर् के सलए थग्रड िे जुडे िौर समनी-थग्रड व्यििाय 
मॉडल के सलए एक मामला बनाता है। दिूरे अध्ययन में भारत में बबजली वितरर् क्षेत्र में 
अुंततम छोर तक की अक्षमताओुं, जो कक ग्रामीर् क्षेत्रों में विकराल हो गई हैं, को दरू करने के 
सलए एक एकीकृत वितरर् ढाुंचे का प्रस्ताि ककया गया है। दोनों अध्ययन राटरीय, उप-राटरीय 
और अुंतराणटरीय स्तर पर कायाणष्न्ित और तनयोष्जत मौजूदा व्याििातयक मॉडल का गहन 
विश्लेर्षर् करते हैं। एक पररचालन, वित्तीय, तनयामक और कायाणन्ियन रोडमैप पर भी चचाण की 
गई है। 

 

अुंततम अध्ययन सिस्टम गततशीलता के माध्यम िे अिधारर्ा चरर् िे मॉडल िैधता तक 
सिस्टम दृष्टटकोर् का विस्तार है। थग्रड-इुंटरकनेतट िौर समनी-थग्रड की माुंग और आपूतत ण को 
पररभावर्षत करने िाले मापदुंडों पर मात्रात्मक डेटा की मदद िे, एक स्टॉक और प्रिाह आरेख 
तैयार ककया गया है। िुंिदेनशील विश्लेर्षर् के माध्यम िे मापदुंडों का परीक्षर् ककया जाता है, 

इिके बाद समनी और मखु्य थग्रड आपूतत ण, समनी-थग्रड व्यय, बबजली की स्तरीकृत लागत, प्रतत 
उपयोगकताण औित राजस्ि और िमग्र ऊजाण घाटे िर्हत प्रभाि चर पर पररदृश्य विकसित ककए 
जाते हैं। मुख्य पररर्ाम 4-5 िर्षों में व्यापार मॉडल की व्यिहायणता की गर्ना करना और 
विद्युतीकरर् लक्ष्यों को पूरा करने के सलए तत्काल स्केसलुंग की आिश्यकता थी। 

 

अनुिुंधान के भविटय के कदम ऐततहासिक डेटा के िाथ व्यिहायणता का आकलन करना और 
सिस्टम डायनेसमति मॉडसलुंग में मात्रात्मक विश्लेर्षर् के सलए िाुंष्ख्यकीय उपकरर्ों का 
अनुप्रयोग हो िकते हैं। प्रस्तावित व्यििाय मॉडल का अध्ययन ग्रामीर् और दरूस्थ िेर्टुंग्ि में 
िमान िुंदभण-विसशटट िातािरर् के सलए भी ककया जा िकता है। 
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