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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



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.

Vi
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NAF orarster qoT fegclieor & rasie AHA0T 3R & srell T ug=, fagawsiaar
3N FHE & AR FeAfadr Hr S wE g, 3R Rwen Rifdar gffewor &
HIETH & AT & GHITAT FATYTA I Igaled Il ¢| ST 2N &I FeT T 3662T
AR & AT [aegdIenor @ HefRId Sser 70 AT GReil YAfadl Sl FHATETT
HLAT AT, S IAAT A 2030 dF Had FRE &g - 7 FHr 9T, TWHR H 500
dMemrate &1 aAdieoiia Fel gideeyd3t & 3T s &1 2030 o Rd, a1 & 2070
e Y Yed 3cHold BT el & dlar 2022 H TCEIM, FAses fharsH A
3T TIfeat & FFAcle - 26 FRAIWY FFAT H T a1 AT| 9RO, efer 92T 3R
3ccedl, G, YU & Addlehed Afed IRIAS IRTT & d1¢ , AR AT Iiste T,
qIfgcT T FHET T HT 7 &1 AiecT # IS 7S HIAGT 1 IR TG AT
O gafed forar aar §, 3R 3% et & A FETanEt garr afasy & wRas
& forw =fifa faeevor & @y sgrr =T gl

CEIREIG é%ﬁﬁuwﬂwﬁagﬁw%ﬁ—mm—mmﬁs« & YK,
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qiiged FAHIET FUET [aANoT & @y FATCT gl g1 fosehst & oar woer & 6
o $o avl & 74 @ @S Ul & 49 HEITAT HT T FE&IT & Y AT
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o fRar = 1 &1 & aR @ A i R "Her & a6, fauner #i
gl & e aFa-Ra AT & Acaw ¥ yHE F FA HF cgafeug
IT AT, IR 3Tl FFAFHATIHT T TJeleT 3R FEelROT o0 aledl & [T Teh HROT
U 3RW H HoR RAT a1 AT| FATUTSAT T 30T &Y eI H ARfad fRar =,



UEeT HRA H AT & & faegcdientor & fav fOis @ g3 @k B[S cgaam
Alsel & AU Ueh AHST FoTal gl GEY 3eTTA H HRA A fostel faawor & #
37 BR aF T eTAdTs, S fF AT e F e @ S R ¥ R H
fIT Teh Tehlehel TAeROT @ o G&d1a T 911 g1 el Hegael TS, 3U-User
AR AT TR W FRMead AR AASd Alser caraaR@s Az &1 918
fIAvoT A &1 Te IREre, [T, AarEes 3R FReadd JsdT @ Y =t &y
TS F
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