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The nexus of grids, mini-grids and off-grid options for expanding electricity access

Abstract

The purpose of this knowledge paper is to present a review of literature on the nexus between grid-and off
grid electrification options and the enabling conditions to support each option. Through a thorough review
of available academic and practioeented literature, this paper provides a synthesis and interpretation of
the grid and offgrid electrification debate for electricity access. The paper finds that teelcooomic

studies do not consider the grid and -gffid alternatives directly and the sugd¢ed leastcost offgrid

technology combinations generally represent relatively expensive solutions. The recentdetst
electrification planning models have considered the technology choice using geospatial information, but
the model outcomes differ sigficantly due to, for example, granularity of the data used, the technology
options considered, input assumptions about demand, economic activities, technology costs, operating
costs, discount rates, and project life. More granular spatial data and magdabdity to capture low

voltage distribution infrastructure appear to suggest greater attractiveness of decentralised solutions,
whereas more aggregated analysis appears to support grid extension. Similarly, grid extension appears to
be the leastcost opion for higher demand or for concentrated population clusters, whereas decentralised
solutions are more economic in dispersed areas with low demand.

The experience of successful universal electrification suggests no single governance template, bgt a stron
leadership and an enabling environment is an essential requirement. Universal electrification requires a
systemwide approach involving planning, coordination, and regulation. An appropriate organisational set
up and a robust regulatory framework can gapt the process. A shift from a gribntric focus to a more
inclusive approach to promote alternative options is important. Mainstreaming decentralised solutions,
particularly minigrids, requiredavourable and reliable national regulations, adequateeintives and

subsidies, and reliable information on the letggm plans for national grid expansion. Successful projects
also require careful balancing of project economics and financial issues. The risks of grid arrival and the
possibility of stranded as$s loom large unless mitigation measures are considered.

Different pathways for power system transformation exist to develop a sustainable system while achieving
universal electrification, but our understanding is limited or lacking in several areasxibtiag planning

models have adopted a technocratic approach to planning and the desires of local stakeholders are poorly
captured by such tools. The quality of the data and the ability of the models to capture wider societal issues
as defined by the Suainable Development Goals (SDGs) remain major constraints. The capacity to
transform planning studies into implementable programmes and to deliver electrification programmes
remains limited. Similarly, further work is required to support sustainable dfieettion systems that do

not impose a higktost burden on future generations. Work is required to develop a programmatic

approach to delivery and a more affordable and fairer outcome for all.

Keywords:grid versus offyrid electrification; electrification planning; HOMER; Network Planner; OnSSET;
REM; risks; regulatory framework; project economics; least
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1 Introduction

1.1 Background

Energy access is the golden thread that joins three sustainakifitgrsions economic prosperity, social
development and living within the environmental limits. However, with around 990 million people without
access to electricity and around 2.7 billion lacking access to clean cooking energies in 2017 (The
International Bergy Agency (IEA), 2028ack of energy access acts as a major hindrance to global efforts
towards sustainable development. The population without access to energy is mainly concentrated in sub
Saharan Africa and South Asia, and the rural populatigemeral and those with low income in particular
suffer the most. For example, only 36% of rural habitants inSaiftaran Africa have access to electricity as
against 85% in developing Asia. The night light map of 2016 shows the level of electrificalab gigure

1).

Figure 1: Night light map of the world in 2016

Source: NASA Earthttps://ecimages.gsfc.nasa.gov/images/imagerecords/90000/90008/earth_vir_2016_Iyg.jpg

Further, despite rapid urbanisation, close to 3.4 billion (or 45% of the global population) were living in rural
areas in2018, but the incidence of poverty is three times higher in rural areas than in urban areas, and
agricultural workers are four times more likely to be poor than those engaged in other activities (World

Bank, 2016). Out of 766 million people globally (atdi# of the population) who were living with an

income of less than US $1.9 per day in 2015, 80% were living in rural areas. Clearly, access to clean energy is
a prerequisite for sustainable development, and realising universal energy access remaira a glob

challenge.

Despite a recent focus on energy access with the launch of Sustainable Energy for All in 2012 and the
inclusion of energy access as a global sustainable development target in the form of Goal 7.1 of the SDGs to
be achieved by 2030, the prazps of energy access delivery has been shosomparison tgopulation

growth. For example, although more than a billion people have gained access to electricity since 2000 (IEA,
2017), the benefit has not reached s@aharan Africa, where the size of the relactrified population has
increased over the past 1@&grs (from 518 million in 2000 to 588 million in 2016) due to population

1The SDG 7 progress report put the figure at 840 million in 2017. This difference in numbers arises due to methodological
differences used in IEA reports and the tracking of SDG7 progress (IEA, the International Renewable Energy AgencyitdiENA), Un
Nations Sustainable Development (UNSD), the World Bank, and the World Health Organization (WHO), (2019)).
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growth. The spatial distribution of the incremental access gain reveals that, out of about 87 million people
gaining electricity access between 2012 and 2014, 81 million were in arkas and only 6 million of the

rural population gained access, which was overshadowed by rural population growth (IEA and the World
Bank, 2017). Clearly, progress with rural electrification remains unsatisfactory, particularlySalsaian
Africa, andreaching the bottom billion requires special attention (Bhattacharyya, 2018).

Rapid progress is required to meet tB®G 7 target of universal energy acdagbe future, particularly in
low-income countries, highly indebted countries, and fragile staifarts have to be stepped up to meet

the targets by 203QWorld Bank, 2017)and a modal shift is requirgd scale up fromhe current pilot and
demonstration projects to accelerated programme deploymemtse accelerated diwery of energy access

to reach billions of population within a limited time and subject to resource constraints remains a
challengeThere is also an opportunity for energy access interventions to catalyse sustainable rural
development through better likages with productive and transformative changes which could reduce rural
poverty, improve rural living, and ease pressure on urban areas. In additiarcarborconstrained world,

a systemic, strategic approach will be required to achieve universatjgrecesdt is in this context that

the debate over grid extension and ajfid electrification options gains importance.

This knowledge paper presents a review of literature to highlight the nexus between grid agritloff
electrification and issues l&ted to electrification. The methodology is indicated in Section 2, while Section
3 presents a review of literature egrid versus offyrid options. Section 4 presents a review of the enabling
environment in terms of policy and governance issues, whitdéi@e5 discusses project economics,

finance, and risks. Finally, Section 6 discusses the next steps and possible areas for further research.

1.2  Aims and objectives

The primary aim of the State of Knowledge (SoK) paper is to highlight emerging trends aibgdnesearch
guestions covering the nexus of grid, mimid, and offgrid options for expanding and sustaining electricity
access. Specifically, the objectives are to:

1 develop a stateof-the-art review of literature to understand the nexus of grids, rgrd, and offgrid
systems to help decidine remit of the DFIBunded Applied Research Programme on Energy and
Economic Growth (EE®)cover smaller systems; and

1 identify potential research questions that could be considered for the next phase of e EE
programme.

The main research questions the knowledge paper aims to answer are as follows:

1 what does the literature tell about the role of grid and-gfid options for electrification of the nen
electrified population?

1 what is the enabling environmeméquired for supporting different options? and
1 what affects the economics of an electrification project, and what are the risks involved?

2 Methodology

This work involves:

1 contextualising the challenge of electricity access and the planning foraledtification in the
developing world, considering current national and international initiatives and relevant policies;

1 reviewing the economic and financial imperatives and traffs, the policy and business environment,
and the barriers, uncertaintiegnd risks to electricity access for both basic and productive use and
rural electrification through alternative approaches;
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1 understanding the possible role and effectiveness of fgiids in the above process; and
1 identifying and investigating areas flurther work.

A critical review of available literature was considered for this work. A rapid review of the available
literature (academic and neacademic) was undertaken, and a selection of background reading materials
was gathered using keyword searclesthe internet and a search of document records in various
databaseg.Specifically, recent work on migiids and rural electrification undertaken by various

international organisations (such as the Rocky Mountain Institute, IRENA, REN 21, the \WoEah&gy

Sector Management Assistance Program (ESMAP), MIT, the Alliance for Rural Electrification (ARE)) were
also extensively reviewed. Team members also collected information through personal contacts with other
organisations.

The literature thus gattred was reviewed to identify contextual information, barriers, risks and options,
private sector involvement, financing, and political economy. A synthesis of the reviewed documents forms
the basis of information for the study. The review process is prteskin Figure2. The authors relied on

critical thinking and analysis of the available knowledge to develop the main arguments of this paper.

Figure 2: Schematic of the literature review process
Reports by academic :
an(? practi)ée Electrification Context, p"}””'rg ,
organisations, planning studies, technology mix
academic and grey documents
literature, project
information

Barriers, uncertainties, risks
and options

|

Rapid Private sector
Document search Review involvement
(archive and internet)
Financing
Input from other Synthesis Political economy

contacts

Source: Authors

3 Literature review on-grid versus off-grid options, trade-offs,
and progress

The history of the electrification of the developing world started in the colonial period in the lateahflth
early 20th centuries. Haséhrl (2018) argues that the modern infrastructure development in the colonial
era was a disjointed effort that benefited only a certain section of the population, often based on ethnic
and class lines and thereby excluding the vast majority from the benefits of these services. At the time of

2The databases queried to search for appropriate studies include JSTOR, Google Scholar, Science Direct, Springer lndk, UNDP, a
the World Bank. Each tiie databases was queried with search strings comprising of individual phrases and various combinations

2F (GSN¥asz &adzOK a4 WNHzNI f St SOGNAOAGeEe QS wmamﬁpmsvg@@gqgsy’ﬁm-ﬁxa

s$aliSYQY WRAAGNAOMzEISR IASYSNI A2y Q3 WRS ANARNIZE A-SyGRyWBNEYE@H™ROf S S
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gaining independence between the 1940s and 136 electricity access in most British colonies was
limited to few urban dwellers and a small proportion of rural inhabitants (Halsen2018).

The academic and practicgiented literature on rural electrification is well developed. Bhattacharyya
(2012) categorises the literature according to three strands: the literature on technical systems and their
cost effectiveness, using mainly a case study approach; the literature on tools and their applications; and
the practiceoriented literature. Panost a. (2016) identify four strands in the literature: casgented

studies that describe the present situation in a country or region and evaluate policies and programmes;
technological solutiororiented studies that focus on solar photovoltaic (PV) and othaewable energies

and decentralised systems such as solar home systems or micraridej national/regional studies

linking energy poverty with economic development, either qualitatively or quantitatively; and niedeld
studies that try to combine@nomic, technical, and policy dimensions to analyse their complex
interactions. Mandellet al. (2016) on the other hand reviewed more than 350 papers on the subject and
classify them into five research areas: technology; models and methods; tedumoric feasibility; case
studies; and policy analysis. Yet another study carried out an extensive review of the literature to analyse
the role of grid and offjrid options in facilitating rural electrification by undertaking a comparative
assessment of theirosts and impacts on the South Asian countries (Palit and Bandyopadhyay, 2016).

RojasZerpa and Yusta (2014) find that the studies on rural electrification with decentralised energy sources
startedin the 1980s, but that most of the studies appeared in tlewv millennium. They also find that

earlier studies used linear programming as the solution technique, but recent studies have used a wide
range of techniques, with muttriteria decision making playing an important role. They also observe that
most of the studies deal with a sherto mediumterm planning horizon and that loAgrm planning has
received limited attention. The vast majority of the literature has taken a pré@al analysis of techro
economic feasibility for a given location. These caiadies have generally followed a common appraach
assessment of technological appropriateness in a given context, evaluation of economic viability, and
determination of financial or other incentives required to make the project viable at a given location
(Kaundinyeet al., 2009). Most of these studies consider the-gifid option explicitly and the possibility of

grid extension is considered through cost comparison, witlowmetrtly considering the grid extension
possibility. Optimisation has played an inmf@nt role in electricity planning studies, and the leasst

option for rural electrification has often relied on such an optimisation process. Although some studies
have relied on their own formulation of the optimisation problem (e.g. Sinha and Karidi#l; Kanase

Patilet al., 2009), the proliferation of case studies can be attributed to the availability of standard software
packages such as HOMERIrid Optimisation of Multiple Energy Resouijcd$ese packages allow users

to identify the optimal gstem configuration that would meet the demand at the least cost. These
simulation tools offer a range of technology options, allow different performance characteristics, and
capture local resource information. The recent version of HOMER Pro allowss$igipty of specifying the
reliability of grid supply in the modelling exercise.

Although energy access was identified as a major issue in 2002, it took almost 10 years to mobilise global
attention. In 2011, the IEA came up with estimates for achievinigeusal electricity access by 2030
suggesting that grid extension is the cost effective option for urban areas and 30% of the rural areas which
electricity has not reached. However, decentralised solutions are better choices for 70% of the rural
population, where minigrids and standalone solutions are likely to have a 65:35 market share (IEA, 2011).
This figure (70% of new electricity access via decentralised solutions) has dominated the discussion for a
decade now. The recent outlook has revised the slidrdecentralised solutions to 50% (IEA, 2019), but
based on progress so far and the intensity of the efforts required to scale up and replicate decentralised
solutions widely, this estimate has to be used with caution.
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3.1 Review of HOMER studies

HOMER ighe global standard for modelling electricity access that allows selection, sizing, and comparison
of generation technologies and storage to meet demand in a given location, either using a standalone
system or a mingrid. The leastost solution to meet th demand is obtained by running a large number of
simulations of alternative combinations of options considering the local resources, system constraints and
project specific conditions (life, prices, etc.). Hundreds of studies have been reported iretawitie to

suggest the leastost technical solution for local electricity supply. Considering its popularity, relevant
information from a selected set of recent HOMER applications from different countries is presented in
Table Al.

A few observations calpe made here.

1 The analysis reported in these studies represents the teewamomic feasibility of project ideas and is
not about real projects existing on the ground. There is a dearth of studies revisiting the optimal
technical choice of real projects using HOMEReiians include Chmiel and Bhattacharyya (2015),
who investigated the offrid system on the Isle of Eigg, Scotland; and Singh and Balachandra (2019),
who reported a study of a PBiomass gasifier project being implemented in a remote Indian village.

1 Thehybrid offgrid systems simulated through HOMER have considered a combination of technologies,
but most do not consider the grid extension option explicitly. The cost comparison of the optimised
solution with grid supply is used to demonstrate the effestigss of the offyrid solution.

1 There is significant variation in terms of electricity load considered: some have focused on household
load only, whereas others have considered commercial and institutional and even agricultural demand.
The simulations doat limit themselves to basic levels of services (i.e. basic lighting and mobile
charging) in most cases (see Table Al for some examples), and include various combinationsef end
appliances considered relevant in the case study area.

1 Most of the studiedave reported results in US dollars, but a few cases have reported the results in
local currencies. The technology cost is often sourced from international references and either local
market conditions are not well reflected or data from actual projectsernot used.

1 There is significant variation in terms of discount rate choice. This becomes even more important when
the investment is considered in US dollars, but the discount rate may not have truly reflected the cost
of capital.

1 The cost of electricit supply reported in most cases remains generally high, varying between US
$0.207/kWh to US $0.5/kWh (see Table Al). Although the chosen option is thedsastiption among
other alternatives, the results confirm the relatively high cost ofguitl eledricity supply.

1 The net present cost also remains significant, ranging from US $68,500 to US $17.5 million. The studies
report simulation results but do not consider how the investment could be funded.

1 There is hardly any direct comparison with grid exien. Where this option is considered, the grid is
found to be expensive in two cases but cheaper in one case. Comparison using the same indicators or
normative basis is also absent. In many cases, the best figure fgridit compared with poor figures
for grid andvice versdo show that one is better than the other.

Caderet al. (2016) highlight the main limitation of HOMER as a tool: the model does not include any
geospatial planning element, and accordingly it does not suggest how the consumershrst connected

to the grid or the alternative technological solutions. Consequently, HOMER is not suitable as a planning
tool.
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3.2  Review of studies using planning models

New modelling tools have emerged in recent times that use spatial data at therlatialhal, and regional

levels. Cilleet al. (2019) and Korkovelazt al. (2019) review the relevant literature. Lodalel studies

include QuinoneX/arelaet al., (2007) who explore grid integration of renewable energies in Scotland; and
Sahai (2013), o presents an example of planning for Indonesia highlighting the case of an island. Sahai
(2013) suggests grid extension for 66% of the population of the island, followed bgndmifor 33% and
standalone solutions for 1%. NatioHalel studies incluel Castalia Strategic Advisors (2009) and Deloitte
(2018). Castalia Strategic Advisors (2013) use a spreadsheet model linked with a Geographical Information
System (GlS)ased database to analyse the technology choice for electricity access in Rwandadyhe s
found that grid extension is the leasbst option for 95% of the population, effid micrehydro systems

are suitable for 4.5% of population, and the remaining population can be provided with standalone
systems. Deloitte (2018) analyses the eleittifion plan for Zambia using open source software developed
08 !'{1L5Qa {2dziKSN}Yy ! TNAOI 9ySNHe& tNRINIYD ¢KS ai
2022, thensolar home systems (SH&)uld account for 75% of the population and 25% wowddobovided

by grid extension. In the 2030 horizon, the technology mix changes somewhat: grid extension will support
34% of the population; SHS will reach 58% to 68% of the population andmaisiwill reach 1% to 8% of

the population.

Moner-Gironaet al. (2016) and Monefironaet al. (2017) report the case of the universal electrification of
Burkina Faso. It suggests that, out of 10.8 million people inehectrified areas, grid extension is the least
cost option for 4.4 million, whereas decentralisgalutions are cost effective for the remaining population.

In already electrified settlements, grid extension is a cheaper option to provide electricity to those lacking
access (3.9 million) but PV systems will be the cheaper option for 0.8 million pemsty in rural areas.
Moner-Gironaet al. (2019) analyse the case of Kenya and compare model outcomes with the electrification
master plan prepared by the national electricity company. While the master plan aims at extension of
diesel generation for nogrid areas, the model simulations suggests that@sed minigrids could be cost
effective in most ofigrid areas. One of the differences in the outcomes is due to the cost assumption used
Ay G2 ai0dzRASaY (GKS YI &SN LinerGirohadtaldzy SiRnmapop dzd §) &
A report on the cost of solar PV in Africa, howaviBRENA (2016b)indicates much higher solar PV costs

for mini-grids: systems without batteries vary between US $2.5 and US $2.9/W, and costs rise significantly
for battery-inclusive systems (US $2.5 to US $10.9/W).

At the regional level, Szalen al. (2011) presented an analysis of electrification options forSabaran

Africa. The analysis considers standalone solar PV, diesajjmdigi and grid extension options. & ktudy

finds that grid extension becomes a viable option for locations with a high number of consumers and that it
is not cost effective for sparsely population areas. PV becomes the most attractive technology for levelised
O2ada o0SigSSy pddkWhdHowevekthg Rudylsosdygests that, over large regions. neither
diesel generators nor PV offers affordable electrification solutions (prices lower than US $0.3/kWh are
considered as affordable). In a subsequent study, Seahb (2013) introdice minihydro as an additional
technology (along with of§rid PV and diesel generators) and compare its cost effectiveness with grid
extension. They suggest that removing diesel subsidy will reduce the importance of diesel generation in the
continent. Gid extension is not the only option for enhancing electricity access; a combination of different
portfolios of local renewable energy solutions will ensure a {fmmm sustainable outcome. Hukt al.

(2017) present a tool for analysing the performancesagr PV mingrids over large geographical areas

(Africa and Southeast Asia). The study combines geospatial analysis witlrichjérformance

optimisation at the continent level. The study suggests that, in desert areasgridsiare unlikely to

expetience energy shortage to meet the demand, whereas in other areas the interruption can be
significant. For example, in India, mgrids can face energy shortage for 2%% of the days, whereas in

parts of China the interruptions can affect more than 80%he days. This highlights the importance of

local conditions for mingrid system design.
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Box 1 provides a brief review of the development in spatial electrification planning models. We focus on
the application of three tools the Network Planner, the Gm Source Spatial Electrification Toolkit
(ONnSSET), and the Reference Electrification Model (RE&puse of their influence on the gradf-grid
electrification debate. It should be mentioned that this choice excludes any commercially available tool, as
well as several other tools such as those developed at the Joint Research Centre (JRC) or by individual
researcher groups, such as Reiner Lemoine Institut, but some applications of these tools (e.gt &zabo
2011, 2013; MonefGironaet al., 2019; MonetGironaet al.,, 2016; Cedeet al., 2016; etc.) have been

captured in the paper at relevant places.

Box 1: Evolution of GIS-based electrification planning models

Eforts towards developing decision support systems for the integration and analysisefable energies using
GIS started in the 1990s. The SOLARGIS project was the main effort in the area of electrification of disperse
using renewable energies. Monteied al. (1998) reported an application of the methodology in Cape Verde. Ot
appications of this tool were reported in Amador and Dominguez (2005), Dominguez and Amador (2007)gePi
al. (2007), Dominguegt al. (2008), and others. Subsequent efforts led to the development of the IntiGis mode
the interface of this tool wasiSpanish. ThEconomic Community of West African Sta@ntre for Renewable
Energy and Energy Efficiency redeveloped the model as IntiGIS2 for adoption in West Africa with a more usi
friendly interface. This has more recently evolved into the ECOWRE.mo

IMPROVERE was one of the earlier efforts in geospatial analysis used to support electrification efforts of Bt
Faso. GEOSIM, a proprietary model used commercially by IED (Innovation Energie Développement), was di
from IMPROVERE. GEOSINas been used for the electrification planning of Tanzania (reported by Korkatelo
al., 2019). Cadest al. (2016), however, suggest that, although it is an advanced tool, GEOSIM lacks one capi
it cannot model solar PWased hybrid mingrids. IAPER[(2 3 A OA &f | RtQf AWRETFA OF (A 2y)isk
a model developed by Electricity de France and ADEME (Fronius and Gratton, 2001) for grigjedcaloffices
using GIS data. The model appears to have capabilities similar to morg necdels but it has not been used
widely. Soleet al. (2003) reported an application of this model in Morocco.

The open source framework of electrification planning was initiated through the Network Planner model deve
by the Modi Research Group. TBRC of the European Union developed a tool (RE2nAF) to explore-traloff

electrification options in Africa and Asia. The tool has been developed linking PVGIS with a number of mode
analyse different renewable energy options and compare the outcowith grid extension. OnSSET represents
next generation in the GiBased analysis and has received wider support from international organisations. An
tool, REM, has also been reported in the literature which combines planning as well as negésiyk capabilities.
However, both OnSETT and REM models are nothasbd yet and are not easily accessible to-e®pert users.

Source: Korkovelost al. (2019); MoneiGironaet al. (2018)

The Network Planner, a wdtmsed tool developed by the MoRiesearch Group at Columbia University, has

been widely used to explore the grid versusgfid choice. The model compares grid extension with diesel
mini-grids and standalone PV systems. The model allows different demand categories, and most of the
studies have considered residential demand, productive load, and institutional/community loads. In some
cases, demand by income categories has also been considered (see Table A2). Its ease of use has facilitated
a number of applications in developing countriegls as Nigeria, Ghana, and Kenya (see Table A2 for

additional details).

One of the main observations from Table A2 is the predominance of grid extension as the outcome. In most
cases, grid extension has been suggested as thedeasoption. The other adervation is the relatively

high cost of electricity supply in most cases, although grid supply comes out cheaper. It needs to be
mentioned that, for grid supply, the model considers only the cost of network infrastructure development
and does not considehe cost of incremental generation. It is assumed that the energy is available from

the grid and no additional generation capacity is required to meet electrification needs. This assumption
may not hold in many cases. The network maintenance cost islysalén as a fixed value of the

investment cost and this may underestimate the cost of grid supply.
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The Network Planner model can deal with large volumes of spatial data, but the technology choice is
limited and the solar miAgrid option is not consided. The mingrid option considers diesel migrids

only and this limited technology choice option has influenced the results. As the running cost of diesel
generators is high, the migirid option proves less favourable to grid extension. The fallimggof solar

panels and the modular design of solar PV rgiiils were not considered in these studies, which limits

their usefulness. In addition, the data availability may also have affected the results to a certain extent. and
most of the reported studis have used aggregated data. For example, Ohiare (2015) uses data at the local
government level, not at the village level. As the demand is aggregated over a larger area, the electricity
demand at the local government level is much higher than that awitiege level. High demand at each

node makes grid extension a viable option compared to other alternatives. More granular data are likely to
lead to a different outcome. In addition, the studies could not take advantage of cost reduction in solar PV
basal minigrids, which has limited the possibility of lowering the cost of supply. Salam and Phimister
(2016) argue further that the effectiveness of the heuristic algorithm used in Network Planner deteriorates
as the dispersion increases and the remotenddhe settlements increases from the grid network. This
creates a systematic bias towards grid extension in the model.

The OnSSET model has been applied to a number of developing countries (see Table A3). The energy access
outlook of the IEA has relied dhis modelling. Unlike the Network Planner, OnSSET offers a larger set of
technology choice and uses a much bigger dataset in general. Although it follows closely the underlying
analytical logic of the Network Planner, the data and technology options peodifferent outcomes. Table

A3 reports a sample of applications of the modelling tool using the similar set of information provided for
HOMER and the Network Planner.

A few observations can be drawn from Table A3.

9 Earlier studies (20X2016) reported adrge potential for grid extension, while more recent studies
offer a nuanced outcome. The scenarios used in recent studies suggest that as demand grows from the
lower tier to the higher tiers, the viability of grid extension improves, and only in thedsgtand
cases, the grid extension option dominates. At lower levels of demand, a characteristic of remote
habitations, offgrid solutions play an important role. The Malawi study (Korkoveti@d, 2019) for
example assumes a basic level of rural demardch makes standalone systems more suitable for
these locations.

1 The role of mingrids does not appear to be significant in any of the cases shown in Table A3. Instead,
the standalone PV technology appears to receive preference for low demand sceiargosutcome is
quite different from other studies, which report low penetration of standalone PVs. This outcome may
be influenced by the existing and planned infrastructure investment in the electricity sector, which is
captured by the OnSSET model.

1 Couwntry context plays a significant role in the choice of technatolgyger, densely populated areas
support grid extension, whereas standalone solutions are more cost effective for low demand, sparsely
populated areas.

REM is a more recent development. EIm(2015) presents the initial model through a local application in

India (planning for a district in Bihar). Amastaal. (2018) explain that the model performs leasist

electrification design by identifying the optimal technology option at a highl lefvepatial granularity.

Ellman (2015) describes the logic used in the model, data requirement, and calculation principles. Like the
Network Planner and OnSSET, REM identifiesoffrigrid choices, but it also designs the migndd system

and the locahetwork. Drouin (2018) argues that, in terms of uf@endliness, the Network Planner is

better than ONSSET or REM, but REM and OnSSET have better technology choice capabilities. REM has a
higher level of granularity in the sense that it can consider Bbakllevel demand and can design the

network down to the individual consumer level.
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The model has been applied to different casdscal, regional, and country levels. Table A4 provides some
examples. The Vaishali district electrification example givéilinan (2015) appears to have been the first
application of the model at a local level. Similar local examples are provided in Mwal@hdR2016) and
GonzalegGarciaet al. (2016). REG (2019) is an example of codetrgl application of the model. @n
difference between this and the other models is that most of the publications are not peer reviewed and a
majority of them are student research activities and consulting works. Although the model appears very
comprehensive, it has not yet been very paguh terms of application.

Yet, REM applications appear to be suggesting different outcomes compared to other models. For example,
Ellman (2015) finds that 85% of the population might be electrified viagnits, whereas isolated systems
are more effetive for the remaining 15% of the population. No grid extension is recommended in the base
case scenario. Amatys al (2018) present a representative example with around 52,000 users in a locality
of 65 km x 45 km area. Data from different sources are used for the case study to demonstrate the model
with a largescale example. The results show that 51% of the consuooeis be provided with electricity
through grid extension, 17% through a mdmid, and 32% using standalone grids. As indicated in Table A4,
most applications indicate a very high share of rgimdls. Grid extension does not emerge as the most
appropriatesolution in these applications. These results are very different from other studies. The demand
characterisation, among other factors, is likely to have played an important role here. Most of the REM
studies have considered many different types of loduls,the residential load considered in these studies

is much lower than other studies.

Results obtained from the Network Planner, OnSSET, and REM for a given country can provide some
insights. For Kenya, using Network Planner Parshall (2009) suggedhat, in the realistic grid

penetration scenario, 41% of the households will be connected to the grid by 2030, but in the full
penetration scenario this increases to 96% over the same period. Grid extension is thepkagption in
densely populatedr@as where the grid infrastructure is already available. In the sparsely populated areas,
on the other hand, offyrid solutions are most cost effective. The grethted investment required for the
realistic scenario is close to US $5.9 bhillion, whereasrthestment requirement increases to US $13.4
billion in the full grid penetration case. Using the OnSSET model, in contrast, Meksh€2017) suggest
that, in the low demand scenario, only 53% of the population will begpithected by 2030 and 4766

the population will be electrified by standalone solutions. The investment requirement is estimated at US
$21.4 billion. Mwalengagt al. (2016) (using REM) suggests that 96% of households in Kilifi in Kenya could
be connected via mirgrids. There iso nationallevel study using REM but, going by this case study, the
emphasis on mirgrids can be easily identified.

Differences in the model results can arise due to a range of factors. A few areas are highlighted below.

9 The studies considered in thegsious paragraphs were undertaken at different times using different
datasets. Parshadit al. (2009) relied on data available around 2007. Moksatesd. (2017) relied on
data from 2013 onwards. Mwalengeai al. (2016) used data from 2012. Different vigés of the
studies make comparison difficult.

1 As indicated earlier, the granularity of data plays a major role. More granular data appears to suggest
greater cost effectiveness of alternative solutions. REM appears to use low voltage distribution network
data into consideration whereas other models have limited the scope to medium voltage lines (11 kV).
The bias for grid extension may be related to this lack of capability to use lower level system data.

1 Load data is another critical variable. Most of 8tadies indicate that, as the demand increases from
the lower tier to the higher tiers, grid extensions become a more preferred solution. The spatial
distribution of demand, the assumptions related to population growth, demand growth, and
inclusion/exclugin of northousehold demands affect the model results. Studies that have considered
higher levels of residential load appear to suggest higher levels of grid extension whereas those using
basic level of demand for residential users appear to recommendnehgiare of alternative
solutions.
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9 Further, there is uncertainty in predicting consumer electricity consumption. The general reliability and
accuracy of the surveys has not been demonstrated: based on a comparison ofgrasiEyed
electrical energy wswith the actual measured consumption of consumers of eight-gridis in rural
Kenya, Blodgetet al. (2017) question the reliability of surveys.

1 Similarly, the assumptions used in the models vary: there is no consensus value for the investment cost
of technologies, the running costs (fuel price, efficiency, transportation costs, labour cost, etc.), the cost
of capital, or project life. No study has tried to use alternative models using uniform assumptions.
Accordingly, the effect of model idiosyncrasigsthe result is difficult to identify.

The studies reported in Tables@ are mostly academic in nature and only a limited number of them

have informed actual rural electrification planning of countries concerned. Watchetuaig(2010) report a
signifcant gap between the statef-the-art in the planning tools and the practice being followed by

members of Club of African Agencies and Structures in Charge of Rural Electrification. Based on a detailed
review of literature, Trotteet al. (2017) also finthat most subSaharan African countries have received

little attention regarding electricity planning and only a few countries receive most of the attention.

In addition to the above, we did not find any literature comparing model predictions againstlact
electrification in specific countries. Such a comparison could show whether the models are aligned with the
real developments, and the reasons for any divergence between the two could offer insights into models
and help improve our understanding. Thisuld be an area of further research.

3.3  Review of electrification plans

A review of national electrification plans of 20 countries with the largest number ottentrified

households by Ma and Urpelainen (2018) shows that 14 countries have nationalqriansaf

electrification and 12 countries have demonstrated a commitment to distributed power generation, but
only 10 countries have made investment budget allocations and 12 have established a policy instrument to
deal with decentralised electrificatiofurther, in most countries, decentralised electrification has been
considered to supplement the areas where expansion of grid is daunting. This shows that distributed
electrification is not considered a universal approach in the planning of electrificsttiategy (see Table

1).
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Table 1: Emphasis on decentralised electrification option in national plans of selected
countries

Count Population lacking National Commitment Investment Policy
v access (M) plan budget instrument

269.51
74.73
70.88
63.77
59.94
4414
30.91
29.46
24.92
21.44
20.79
19.62
18.31
16.99
16.41
15.04
14.21
12.48
12.33
11.01

Source: Based on Mand Urpelainen (2018)

The United Nations Conference on Trade and DevelopiftéddCTAD) (2017) remarks that some countries
adzOK la [F2 tS2L)XSQa 5SY2O0ONr A0 wSLlzoftAO o6ts5w0 |y
access without a centralisecational plan, but other countries may not be able to follow such a path.

Realising this gap between practice and the s@t¢he-art knowledge, Sustainable Energy for All has

launched a call for a fullystems approach to electrification adopting a fitege processKigure3). While

such a systemic approach is desirable, implementation remains a challenge, and it remains to be seen to
what extent such a processpsactically adopted by the concerned countries.

Our review leads to the following takeaways.

1 Technacentric focus the existing research has predominantly focused on technical dimensions of the
problem, with a significant emphasis on electricity accesddgic servicedttention is often limited to
specific technologies or combinations of technologies for energy production, their cost effectiveness,
and optimal technology mix of choices. In many cases, the studies have relied on assumed information
or characteristics of user needs without any serious stakeholder engagement otdonglata from
real field projects. The proliferation of hypothetical simulation cases is surpriimther, while
optimal technology choices by HOMER may consist of hybtidnspwith multiple technologies, in
reality most projects are implemented either using single technologies and/or combination of only two
technologies by the implementing agencies (government or private). So there appears to have a gap
between actual img@mentation and modelling exercises. Why multiple technology based hybrids are
not implemented in practice needs to be found oDespite the proliferation of such studies, their
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contribution to knowledge remains marginal as the practical usefulness ott®arch outcomes to
solve local issues remains limited.

Inadequate attention to planning for accelerated growthvhile it is now recognised that progress so

far has been slow and that a faster growth in energy access provision is required to meet tiefarg
SDG 7.1 by 2030, hardly any attention has been given in the literature to the planning of such a large
scale programme. The planning studies reviewed here have limited their attention to identifying the
technology mix and total investment needs. Hawee hardly any studies translate them into an
implementable programme, although Shrestha and Acharya (2015) and Sustainable Energy for All
(2019) provide relevant planning frameworks. Efforts need to move from local plans and pilot projects
to countrylevel plans and mass rollout of programmes, for which prograremel synergies,
standardisation, and appropriate planning processes need to be investigated. In addition, prioritisation
of investment considering funding constraints, human resource scarcityadministrative and other
considerations has not been given attention so far. The lack of planned efforts may be due to funding
constraints on implementing nationdédvel programmes or to a lack of vision and adequate information
in specific countries. Were a lack of vision/information constrains the planned progress, programmes
such as Electricity and Economic Growth could support countries to develop holistic electrification
programmes based on which the counties could solicit funds from donors ariiatensl funding

agencies.

Role of decentralised optionslthough claims are often made that decentralised options are least
solutions for majority of the population lacking electricity access (e.g. the recent policy brief for the

High Level Polital Forum claims that decentralised solutions are least options for 60% of

population lacking electricity access (UN, 2018)), our review did not find any clear evidence to support
such a claim. Apparently, simulations using HOMER offer the largdenheeibase supporting the cost
effectiveness of decentralised solutions; but, as indicated previously, these studies have not considered
grid extension explicitly and most are assumed (and not real) case examples. The results of the planning
studies are inonclusive, and most appear to suggest a mikad approach where grid and affid

solutions will play a role. Earlier studies using the Network Planner have suggested a higher role for grid
extension, whereas more recent studies using OnSSET suggestoderive decentralised solutions.
Moreover, decentralised solutions are usually considered beyond a threshold distance from the grid;
but, as the grid expands, previously identified-giffid habitations cease to be the leagtst option due

to shrinking dstance. Planning models do not appear to capture this continuous revision to the plan.

Expost performance evaluationwhile interventions in energy access have sharply increased recently,
there is limited empirical research to monitor their loteym performance and effectiveness of
decentralised options. In most cases, hardly any information is available after the investment is made,
and no systematic framework for evaluating the sustainability of such interventions yet exists. Project
performance evalations can provide important lessons for improving the effectiveness of
interventions. There is an absence of a clear performance measurement metrics fagridini
performance evaluation and monitoring. This remains an area for further research.
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The previous section has shown that universal electricity access will rely on a combination of grid and off
grid solutions. A review of success stories of countries that have achievedimigarsal electrification

shows that there is nogi3 t S

GSYLX FGS F2N) 4dz00Saax -HNRGYIRI V2 REf

Nevertheless, these cases suggest four fundamental principles for successful electrification programme
design and implementation (ADB, 2016; World Bank, 2011):

1) visible and conmitted government leadership;

2) an enabling institutional environment;

3) sufficient and sustained financing; and

4) broad stakeholder engagement and coordination.

This section reviews the enabling environment, while Section 5 presents finance and other issues

As a first step, a strong government commitment and leadership is essential for setting the electrification
target and developing an electrification programme. Successful countries have pursued the electrification

© Applied Research Programme on Energy and Economic Growth
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policies over decades and such a laegn government commitment was a prime feature of success in
China, Thailand, India, and Vietham (World Bank, 2011). A clear vision about the future of the electricity
system and an identified leadership to implement the vision is essential. The visiomefioate

deliverable targets and appropriate benchmarks on the levels of access and quality of service (UNCTAD,
2017).

Next, an enabling governance structure is critical to define the ownership structures, duties, and
responsibilities of different actorand the operation of the electricity sector (UNCTAD, 2017). The
organisational structure, the rules of the game (policies, regulations, legal frameworks), and arrangements
for coordination of the activities of different entities will vary depending onelestricity market structure.

In addition, depending on the level of access and future electrification targets, the pathways for electricity
system transformation will be different; but a systemide approach involving planning, coordination, and
regulation is required in each case to avoid a suboptimal transformation of the electricity system (UNCTAD,
2017). Chattopadhyast al. (2014) argue that planning failure is a factor affecting the progress with

WSt SOGNROAGE TF2NJ I f f Qdin@tioryokdheledisé flanhing Rrocésk tovering 6 S G G S N.
generation, network planning, and distribution with the help better data is a prerequisite for success in
energy access delivery. Strategic thinking about generation system expansion planning to scafgyup sup
and diversify the generation mix, develop and upgrade the network for supply, and integrate with other
regional markets where feasible is essential for the transformation of the electricity system of developing
countries. Systerawide planning holds thi&ey here (UNCTAD, 2017).

From an organisational perspective, a national entity for overseeing the electrification programme and
harmonising the efforts of different stakeholders is required. It is important for such an entity to have a
clear responsibily, a transparent electrification process with minimal political interference, and a mandate
to liaise with other governmental agencies and departments to ensure linkage of electrification with local
development initiatives (World Bank, 2011).

The governace arrangement needs to provide a robust regulatory system that is clear, transparent, and
independent of government interference. An effective regulatory arrangement will encourage participation
of different actors in the sector, delimit the graff-grid jurisdiction, provide a tariff system that is fit for

the given condition, and promote innovation in the system. It will also protect the consumers and make the
suppliers accountable (World Bank, 2011). However, the regulatory capacity is a challerggt in

developing countries.

4.2  Mainstreaming off-grid solutions

Mainstreaming offgrid and minigrid solutions within the national electricity access plans is an important
first step to provide a strong base for development of the sector. This also incentdifferent

stakeholders to work out tailored solutions to enhance energy access. Many countrieadwed a

range of approacheand introduced targets to cover unserved and underserved communities ushagiaff
and minigrid solutions to complementenitral grid connections. By 2016, out of the one billion individuals
who had gained electricity access since 2000, about 133 million people were servedjbg ofhewables,

of whom about 2.1 million people were connected to solar nginds. While the werall share may be low,
recently the growth has been enormous. Between 2008 and 2016, the number of people connected to
mini-grids tripled to nearly 9 million across Asia and grewddto 1.3 million across Africa (IRENA, 2018).
Several successful exples of minigrid-based supply have been reported in the literature from around the
world: Schnitzeet al. (2014) provide several examples of successful rRgdas from India, Malaysia, and
Haiti covering private, government, and nprofit sector interventions. Wiemanet al. (2015) provide
examples of mingrid projects from around the world: one is Surdabwhich has successfully developed a
hybrid mintgrid in Lao PDR combining midrgdro, solar PV, and a diesel generatotJiited Nations
Industrial Development Organizatietudy (Draeck and Cottasz, 2017) provides examples of successful
mini-grids insix African countries (Chad, the Gambia, GuBesau, CoMR QL @2 ANB X ¢ y T F YAl =
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and two Asian countries (India and Sri Lanka). Ulstiad (2018) provide a detailed analysis of solar mini
grid projects in Senegaspeciallyagainst the corgxt of the broader dynamics of nationand
internationaklevel factors, including emerging system innovation and stegibnical transitions to green
technologies. Box 2 provides a brief overview of agiiil operator models and interconnection issues.

One cardinal requirement for success, irrespective of the operating models, is an enabling policy and
regulatory regime. However, as highlighted in the last section, not many countries have policy instruments
or allocated budget for decentralised electricgystems (Ma and Urpelainen, 2018). Some of the policy and
regulatory challenges highlighted in the literature are summarised in Table 2.

Box 2: Mini-grid models and interconnection issues

Four main minigrid operator models were primarily deployed: ittiloperator models; private operator models;
communitybased models; and hybrid operator models (IRENA, 2018; Etaiz2014; ARE, 2014). These mode|
differ in terms of who owns the power generation and distribution assets, who operates and maithtaiekectric
system, and in the relationships between operator and the consumers. Each model also has its own pros an
While tariffs can be crossubsidised with ease in the case of utility models, they are prone to political interfere
especial in case of state owned utilities. The private operator models have a high potential fougcal#racting
investments, and mobilising the best technology, but they are dependent on a supportive enabling environm
especially related to policy certay. Communitybased models, on the other hand, are best to ensure local
ownership and inclusiveness but are exposed to management risks and usually require grant for capital
infrastructure. Hybrid operator models combine different aspects of the aboveimeed models and present a
good compromise and starting point for scaling up.

The coexistence of migjrids and grids could take two forms: interconnection of the distributed generators of 1
grids with each other (wherever possibt@)with the centralsed distribution grid system. This can improve the
reliability of supply by balancing the power surplus and deficiency in the networks through power exchange.
becomes very important for mirgrids in the context of aggressive grid expansion in Irediayell as in some sub
Saharan countries. This is also relevant for countries with lower electrification rates but with high interest froi
private sector developers to expand electrificatiosing minigrids (e.g. Myanmar and stfkaharan African
countries) Although grid compatibility of the distributed generation infrastructure is stipulated in many countri
to avoid the issue of stranded migrid assets once a village is connected to the grid, small plants and poor rul
infrastructure cast serious dotdon such compatibility in reality. It may be noted that power export to the
distribution network from a large number of smadliistributed generators or mirgrids, with varying capacity and
fuel mix, may alter the flow of electricity and affect the stipiof the network. Interconnecting multiple networks
can lead to undesirable dynamic behaviours and instabilities due to interactions between interconnected wei
networks and/or the connecting converters. The resilience of the network stipulates thatdhedual units and
the overall interconnected system deal with intrinsic and extrinsic events such as short circuits, connecting a
disconnecting of networks, load application and shedding, and the loss of communication links (Palit, 2019).
cardind principle of grid interconnection of migjrid system is that quality of supply to consumers should be
maintained at all times and should not unacceptably affect the distribution network. Conversely, the grid syst
should not damage the distributed geration equipment, and the generator should be able to operate and
evacuate power to/from the grid as intended. The central regulatory issue here is development of appropriat
standards that will allow for a cost effective interconnection solution witheopardising the safety and reliability
of the electric power systems.

A regulatory framework along with exit mechanism for the decentralised electricity system developers is alsc
crucially required to ensure the integration of decentralised generatiotinéocentral grid, when the latter does
arrive (wherever applicable), so that the incurred investments do not sink because of the potential risk of unc
recovery or norrecovery. Policies and regulations are required to allow the -gniiai project developes to sell
power to the grid when local demand does not suffice or consumers have shifted to grid electricity- A cost
reflective feedin tariff is essential in such a case. In addition, policies should support a scenario where any p
company or entrepeneur desires to set up a distributed generation plant and also take the electricity from the
at bulk at a price lower than the rural retail tariff and serve the rural areas. Both the above will not only reduc
investment risk for mingrid developes, but will also contribute to grid stability. The exit strategy wiltk even
better if bigger electric utilities take over successful smaller utilities to reduce transaction cost considerably. ¢
to the information technology sector, the smallertégies may be good at taking risk and experiment with
innovative technical and delivery models, whereas bigger entities can bring down the cost of delivery due to
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economies of scale, scope, and spread. However, unless there is policy clarity in thetsggeorutilities will not
make substantial investments. The electricity regulators, which are the authorities to provide the licence to
distribute electricity, should play a more proactive role in ensuring a closer coordination of the distribution uti
and minigrid service providers, setting up interconnection standards and (most importantly) in legally
acknowledging the delivery provisions through distributed generation.

Table 2: Policy and regulatory challenges facing mini-grids

Csves ————peseription

Mini-grid development is substantially easier in the context of clear national rura
electrification plans. Among other benefits, such plans lay out a clear approach-
conducting rural electrification efforts; specify the role that mgrids are expected
to play; provide crucial data regarding netectrified populations; provide
transparent information on where and when extensions of the national grid are t
be expectedand may even designate areas where ngrid development is
favoured. A clear rural electrification plan and strategy is a crucial part of creatin
favourable environment for mirgrid developers and operators.

Mini-grid developers and operators often function under an uncertain legal
framework regarding their ability to establish projects and offer electrical service
consumers. In the absence of wikmed legal and regulatory rules and structures
mini-grid developers and operators face significant risks, including political,
investment, construction completion, and operational risk. A clear policy and leg
framework provides the rules under which a mgrid developer and operator must
function. With greger clarity on the rules of the game, these entities can make
informed project development and operational decisions.

An unclear, lengthy, or costly approval process can end up imposing new or
addiional financial risks on already fragile mgrid projects and may limit
RSOSEt2LISNEQ AyiSNBaid Ay SyiSNaAy3a |
develop a straightforward and efficient approval process for fgiid projects that
can reduce project development costs and risks.

Mini-grid developer and operator decisions often depend on the level of paymen
expected from consumers. Without regulated tariffs, developers face significant
uncertainty regarding theconomic viability of their business model. Additionally,
without clear retail regulations, mirgrid consumers may be more vulnerable to
price gouging. Setting retail regulations can provide greater certainty and securi
mini-grid developers, operatar and consumers.

Without technical standards, decisions are left to rgnid developers and
operators. Even with good intentions, the decisions of developers and operators
lead toelectrical safety issues, suboptimal quality of service, technical standards
do not align with national grid extension goals, or connection and service costs 1
are prohibitively high for many potential consumers. Technical failures, often du
inadequate maintenance and a lack of quality of components, are common for n
mini-grids in subSaharan Africa. Flawed technical and safety standards and the
resulting technology failures decrease trust on the side of the consumers. Layin
transparentregulations on technical standards and quality assurance can impro\
the quality, consistency, and reliability of mpid projects for developers,
operators, and consumers.

Source: NARUC (2017); Manetsgruber et al. (2015)
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An enabling policy and regutatly framework, together with other aspects (such as social, technical, and
economic factors), is required to promote sustainable rAgimils. Examples of policies that have assisted
growth of renewable electricity sector are fe@uttariffs, differential taiffs, net metering, and tax
credits/incentives. The key factors in the-gfid/mini-grid sector to consider include legal and licensing
provisions, tariff regulations, financial support, quality standards, and eventual grid interconnection on
arrival ofthe main grid. Furthermore, the lack of a clear policy environment increases the uncertainty and
deters private investments (IRENA, 2018). The-teng viability of minigrid concerns is also highly
dependent on the arrival of national grid in a givenaar8ince consumers tend to prefer to be serviced by
the central electricity grid due to the lower regulated price of electricity and the higher availability of load
(Graberet al.,, 2017), the possibility of mhgirids becoming stranded assets on arrivathaf central grid is
high.

The current state of mingrid regulation varies significantly across countries. While-gridis are a

relatively new concept for many countries, as mentioned above, some have effectively deployed hundreds
of mini-grids at thenational level (e.g. Bangladesh, India, Tanzania, Cambodia, and Nepal, among others). In
general, however, regulatory authorities have struggled to address the-stakeholder needs of an
expanding mingrid sector. Underdeveloped policy and regulatdrystures are a high priority challenge
facing minigrid developers, consumers, utilities, and other stakeholders. In many instances, governments
have not taken clear steps to define regulatory authority over miids (e.g. India) or to set clear

regulaions for minigrid deployment. Regulations developed for large national (and often government
owned) or private utilities are often inappropriate or not suited for small rginil developers. The

structure of the regulatory authority overseeing the sedbas often led to lax regulation, resulting in
inconsistency and confusion regarding how rgind projects could be regulatetRENA, 2018)

¢CKS 22NIR .ly1Qa wS3dz FG2NE LYRAOFG2NRA F2NJ {daAadGl A
in sustanable energy policies globally, and the number of countries with advanced policy frameworks for
sustainable energy has more than tripled over the past eight years (ESMAP, 2018). In countries with an
access deficit, policymakers are increasingly turnimgy thttention tooff-grid/mini-grid solutiongo close

the energy access gap. This is illustrated by the share ehdoess countries adopting measures to support
mini-grids and solar home systems increasing from around 15% in 2010 to 70% in 201 7tihgigreke

same report indicates that, over the same timeframe, the enabling environment for grid electrification has
remained relatively stagnant and now scores lower than foigafi solutions. Despite the improvement in

the policy sphere, the RISE oepalso highlights that the world is only about half viayards the adoption

of advanced policy frameworks for sustainable energy and this puts at risk the achievement of SDG7 by
2030. Further, policy enforcement appears to be a key challenge. Whilgggbalicy frameworks are

critical, they must be backed by effective institutions and enforcement. Among all the regiorSabkaban
Africa has the weakest regulatory environment, with half of the countries deemed to have an
underdeveloped policy framewo(ESMAP, 2018). However, some countries within the region, such as
Ethiopia, Rwada, Tanzania, and Uganda, show a greeimgaior their policy environment.

To capture the developments and inform policymaking, IRENA launcHedlitges and Regulatiofisr

Private Sector MirGridsreport in 2016 with the objective of analysing the design elements of dedicated
mini-grid policies being introduced by countries in developing AsiaSaltaran Africa, and Latin America
(IRENA, 2018). The study was revise2018 by examining four key conditions for the development of
private sector mingridst licensing and legal provision, tariff regulation and cost recovery, arrival of the
main grid, and access to finarccéhrough an analysis of several country case stutiggather insights on
design elements of policy and regulatory measudoesmini-grids and their application to thgector. The
IRENA study classified the measures under primary (related to national energy framework), secondary
(related to tax, land riglst, environment, etc.), and tertiary (broader areas such as data, fossil fuel pricing,
etc.) .
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The IRENA analysis found that, in all the studied cases, a variety of measures have been taken to support
mini-grids. While all studied countries have introdu@deast some form of primary measures, the tally

reduces for secondary and tertiary measures. Countries such as Rwanda, Nigeria, Peru, and Tanzania have
all incorporated mingrid solutions into their energy plans and strategies to provide the basikdor

SELI yarzy 2F St SOGNROAGE aSNIBA O&202), fordnstghéel cearly b | (A 2
demarcates areas for on and ajfid expansion and aims to mitigate the risk of uncertainty around grid
expansion with the implementation of #ir electrification plan (Ministry of Infrastructure, Rwanda, 2018).

t SNHzQ& NHzNF £ St SOGNAFAOFGA2Y YIFadSNI LX Iy A& dzZJRI G
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the benefits from the lessons learned by other countries in the region, and was developed with extensive
stakeholder engagement. It includes key provisions for tariff determination/regulation and compensation
mechanismsinégS 2F YIAYy 3INAR O2yySOGA2yX FY2y3 20KSNJ | &
Producers framework, which has evolved since 2008, aims to attract private sector participation in the
development of both isolated and gritbnnected mingrids (Tenenbauret al.,, 2014). The first generation

of the plan has taken lessons from the Thailand Small Power Producer Programme. The third generation of
the framework is currently in force and provides tailored licensing requirements and tariff regulations
dependingorOl LI OAGéad ¢yl FyAl Qad SELISNASYOS Kla |faz2 ak
tertiary measures to improve conditions for migiiid development. It facilitates investment by simplifying

the environmental regulatory requirements for migiid development, and provides a singigndow

clearance facility and a dedicated portal for all information pertaining to-griili policies and regulations.

The same study also observes that, while in a number of cases (including India and Cambaodi@smini

have been deployed iasubstantial number of different capacities in a largely deregulated environment,

there are countries where they have been implemented in line with the policies formulated. For example,
policies in Nigeria, Rwanda, Sierra Leonel, danzania have defined capacity thresholds for ‘miius (e.g.

smaller than 100 kWp) that are either exempt from licences or follow a simplified processes (e.g.

registration only). These countries also have the facility to secure a provisional licen€e’dpR A y 3 Wi SY L
SEOftdzaAoArAleQ (2 RSOSt 2 LISNA -grid pdject (Taneibadmthl Z2014).JS NA 2 R
The licensing processes have also been standardised by several countries, such as Nigeria and Tanzania,
which provide templatesdr documents (e.g. applications for permits or licences; exclusivity agreements;
tripartite contracts).

In terms of standards and technical regulations seeking to ensure the safe and reliable operation of a

system, an IRENA studgdicates that quality infrastructure for migjrids technologies is still at an early

stage and is missing for the overall mgnid system. Some countries, however, have attempted to develop
standards for mingrids. For instance, in Nigeria, to be ilig for a permit, mingrids have to comply with

0KS bAISNALY 9ySNHE wS3Idz FGA2y [/ 2YYAAdaA2yQa 5AadN
System. The commission also offers recommendations for allgrichoperators, whether they have a

licence or not. Similarly, the Tanzania Bureau of Standards worked together with their regulatory body and
international partners to establish a quality standard for magrids. In the case of Indonesia, the

components do not only have to meet national/intational standards; they also have to be locally
manufactured. The International Finance Corporation established the Lighting Global Quality Assurance
framework about a decade ago to evolve the standard and promote the adoption-gfidféolar products
toSYylrotS Ayy20FdA2y |yR &dzZJlR NI GKS YINySGiQa RS@OSt

Apart from the above, adequate eraf-life management of mingrids still poses a significant challenge to
the environmental sustainability of mhgirids. Minigrids powered by renewable energy arensidered a
climate-neutral technology. However, the production and disposal of the relevant equipmfeoin cables

to switchboards to solar panalshas ecological footprints. Migrid equipment may fail (for example due
to a lack of proper maintenance) aiis often improperly disposed of, posing adverse health risks and the

Shttps://iorec.irena.orgH/media/Files/IRENA/IOREC/2018/Presentatiside-events/IOREC2018 SE6_Develojoglity-
infrastructurefor-renewablemini-grids Salgado.pdf?la=en&hash=142BAB60021B34157506ECCE43213EBC127C2A9D
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emission of environmentally harmful substances (Manlearl., 2018). Proper endf-life management is
critical for the sustainability of miagrid solutions but is not well researched

In summaryto achieve universal access to electricity by 2030, reports suggest 40% to 50% of all installed
capacity will have to come from migrids (IEA, 2019; World Bank, 2019). The World Bank (2019) suggests
that the cost per kWh of mingrid electicity is expected to decrease by tvtloirds by 2030 and that 490

million people could be connected through magrids by 2030, for which 210,000 mugrids need to be
developed at an investment of almost US $220 billifmachieve this, a favourable gowance

arrangement and regulatory environment is required to provide a level playing field to alternative technical
options, attract investors into the sector, and facilitate implementation of programmes-gdyiité need
favourable and reliable national refations, adequate incentives and subsidies, and reliable information on
the longterm plans for national grid expansion. Further enablers for the successful implementation of
mini-grid projects are the thorough consideration of the specific needs andadigis of the affected
communities and reliable information about their actual and future electricity demand. Finallygndsi

also need agreed technical standards and certification mechanisms to ensure safety and quality.

43  Towards the grid and mini-grid convergence

Theliterature reviewin Section 3 clearly brings out the fact that a mix of approaches will be needed to
achieve universal electricity access. In similar vein, Palit (2019) opines that, instead of a binary perspective
of centralised technalgy and centralised services or decentralised technology and decentralised services,
what might be more prudent is a combination or a complementary convergence of centralised and
decentralised energy technologies and delivery models, learning fromeaéhdila & i NSy 3G K& o0 2
technically and institutionally. For instance, while a central grid is usually found to provide adequate
electricity supply for meeting different types of loads (such as domestic, productive, and agriculture), and
also have standardperational practices for delivery of infrastructure, electricity supply, and maintenance
(such as protocols for transformer and distribution network maintenance), mostgriots do provide

efficient delivery of services but are constrained by their cdapdcimeet all types of load. The central grid
could thus adopt a decentralised distributed model to improve their quality of customer service delivery,
while minigrid capacity could be designed to meet all type of loads either on standalone basis or in
interconnected mode. Further, migirids should also develop standard operating practices for delivery of
infrastructure and maintenance to reduce transaction cost. However, further cospetific research will

be required to address the socioeconomioguéatory, and technical challenges of interconnection of mini
grids and/or with the central grid and running a resilient and reliable local power network across different
geographies.

Capacity building and local socioeconomic contexts may also drivedhiledctors and institutions

responsible for operating the network. An enabling policy framework would therefore be equally
important, asthese actors and institutionsave a stronger influence on the performance of the-sub

national actors and institutionspecially in terms of decision making and effective monitoring) for

effective infrastructure and adequate service delivery (Palit, 2019). An independent regulatory mechanism
would enable the sharing of best service delivery practices, more objectiVestiting, and monitoring of

the performance of the grid and migrid-based service providers, according to objective indicators.
Furthermore, the involvement of consumers must be ensured in the regulatory process and should extend
beyond wellinformedand large consumers to include the relativelyriformed small groups. Developing

and embedding locally relevant frameworks and practices would require further work.
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5 Project economics, finance, and risks affecting
electrification

An enabling environmerdlone is not sufficient to ensure universal electrification. Issues related to project
economics, finance, and risk management play an important role. This section deals with these issues. The
focus here is on decentralised solutions.

5.1 Project economics

Anoff-grid electricity supply can take two forms$ndividual productbased solutions and community or

collective networkbased solutions (Bhattacharyya, 2013; Palit and Bandyopadhyay, 2015). The individual
solutions usually involve sale of a product, sintilea consumer durable item, which enables individual
households to produce electrical energy to meet basic household needs such as lighting or providing energy
for charging a mobile phone or running simple electrical appliances such as a televisietg.fahge

community or collective solutions serve a cluster of households or an entire village, and provide electricity
generally by generating from a diverse range of small local generators (such as solar PV, micro/mini
hydropower, biomas$ased technologis, etc.), with or without its own storage, and distributing it among

the consumers. They are commonly called rgindls or micregrids. Minigrids or grid operations, like any

other business, must be economically attractive and their viability often depen welldesigned tariff
regulations. In principle, revenues from the grid or rgnd need to cover investment as well as operation,
management, and maintenance costs. In addition to affordability of connections, stable revenues require
both accurate NBRA QOliA2ya 2F St SOGNROAGE RSYFYR YR YI GOKA
electricity supply as well as the tariffs for households, businesses, and public institutions. While subsidies
may influence the average tariff, the affordability, and gwalability of mingrids, they should be as high

as necessary while being as low as possible. Different tariff systems can be deployed, ranging-feden flat
tariffs to pure energy prices or from energy powerbased to servichased tariffs, as wells from

progressive tariffs to regressive tariffs. Project economics plays a critical role in the viability of the grid or
mini-grid operations.

A study from India indicates that the typical cost of generation from distributed generation is arouhd INR
23¢33/kWh based on the type of generation used in the migrial (Princeton University, 2014) against the
average rural household spending of around INR 11/kWh to meet its lighting and other energy needs
(World Bank, 2010). Another study on Bangladesh atdicthat the levelised cost of generation for SHS

and solardiesel hybrid minrgrid ranges between US $0.344/kWh and US $0.715/kWh at the user end
(Bhattacharyya, 2014). On the other hand, the typical regulated grid tariffs are much lower than the typical
tariffs for minigrids, as there is a crossibsidy element in most cases. For example, the grid tariff is
approximately 120 XOlper kwWh for central grid in case of Senegal versus more than 500 XOF per kWh
charged by private mirgrids (Ulsruckt al., 2019). Similarly, in the case of India, private rgnds charge

INR 25 to INR 45 per kWh against the average grid tariff of INR 3.95 to INR 5.81 per kWh depending on the
states (Gill, 2017). On the other hand, there are also cases where grid angrititariffs are competitive.

C2NJ SEFYLX ST /I Yo2RAlI Q& St SOGUNROAGE GFINAFTFI 6KAOK
consumers payingS $0.4QUS $0.80 per kWHwas only little lower than the migrid tariff, which ranged

from US$0.40;US $1.25 per KWEUSAID, 2018). For consumers, whether electricity comes from grid or
mini-grid makes o difference, so tariff parity is one of the essential elementse ¢he consumers tend to

think minigrid electricity is a temporary provision in the absence of grid and wait for the grid connection.

One way to address the issue is to attempt larger capacity-gnids where cost of generation appears to
be competitive. A recent study from Zambia shows that centralised solar generation when optimally
located might produce generation/cost ratios as low as US $0.042/kWh, comparable with existing hydro

41 US dollar = INR 70.
51 US dollar = XOF 590.
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generation cost ratios of US $0.02 to US $0.03/kWh. The same stodydilsates that a fully decentralised
generation approach (whether offr on-grid) is not economically feasible, as electricity is six to 12 times as
costly as the existing rate. However, a hybrid option of centralised (70%) and decentralised (30%) was
found to provide affordable power, as well as to enable quicker implementation (Istredi] 2019).

Another recently published study based on the ngrid regulations in the state of Uttar Pradesh, India
observes that low capacity migrids are not a able proposition if the tariff prescribed in the state is used
and that other cost minimising support (such as capital subsidy or low interest debt or an -baiped
subsidy) would be required to attract private investments. Lasgale solar projects anini-grids, on the
other hand, are more viable and can be an attractive proposition for rural electrification in the Indian
context (Bhattacharyyat al., 2019). Thus, to be commercially viable, a rgiid model has to be based on
an optimum (often largegonsumer base. However, this raises a key question for the private sector: are
there sufficient minigrid sites in their target region or country for them to reach the optimum consumer
base needed to operate a commercially viable rgiid business?

Collecting sufficient revenue in rural areas is also more challenging than in urban areas because electricity
demand and the ability to pay are lower. In some cases, rural populations themselves are unable to pay a
tariff that reflects the full cost of electidation (Hunt, 2017). Regulators are, therefore, tasked with

ensuring affordability and quality of service for (primarily rural) consumers on the one hand and, on the
other, sustainable operation and cost recovery for private rgiid operators. With theost of generating
electricity from minigrids generally higher than from the national grid, in contexts where national uniform
tariffs are applicable, viability gap funding often becomes necessary. Thus, a uniform tariff structure should
be accompanied bwell-defined plans for subsidising the miiid tariff (like government
budgets,performancebased subsidies, crossibsidies, ocapital subsidies) to ensure economic viability.
¢CLyTFyAlFQa yFaA2y It dzi A tgAdic@énsuine at buaifor® hadiddal taf@A G & {2
keep the consumer tariff low (USAID, 2018). In Bangladesh, the government provides half the cost of
developing solar mirgrids as a grant with 30% of the balance given as atknng loan. The remaining

20% has to be saoced by the project developers themselves. In some cases, regulators allow isolated mini
grid operators to set tariffs in consultation with local community members such that the tariffs are high
Sy2dzakK (2 O2@0SN) O02aida o dzi wilihghelsfdpRy. lachedsiiglyOrégylatadzy S NA Q
are taking a tailored approach to tariff regulation for mgmids. Nigeria, Rwanda, and Tanzania, for

instance, allow deregulated tariffs for migrids under certain capacity thresholds (e.g. under 100 kW in
Tanzania). In India, the Electricity Act of 2003 allows-grididevelopers to enter into negotiated tariff

with their consumers without the interference of the regulators (Palit and Bandyopadhyay, 2015). Larger
mini-grids are also required to use standeed tariff calculation tools (such as the muyigiar tariff order

model in Nigeria) and tariffs need to be approved by the regulator. Indonesia and Peru have introduced a
methodology for standardising tariffs to encourage private sector participatiadeN/AR 2018).

5.2  Financing and ownership issues

Funding for mingrids comes from both public and private sources, but it appears that funding has not
been adequate to support their scalg (Agenbroad, 2018; IRENA, 2018). Mimd companies have
struggled tosecure equity, or either concessional or commercial debt. In addition, any financing that is
available is expensive, with rates of commercial debt available to developers typically 15% or more in sub
Saharan Africa (Agenbroad, 2018). Another associdtaesrihat local banks may often not be familiar with
smaltscalerenewable energy, and they lack the knowledge to assess the risks associated with these
projects. This is complicated by the fact that rgnid projects generally require customisation;
populations,loads,andrenewable energy resourcesry from village to village. Further, migid assets in
rural areas offer little collateral because they are difficultépossess and have limited value when moved
from their installation location (USAID, 2018b). Bhattacharyya (2013) observes that the estimates for
energy access financing vary from US $11 billion per year to US $120 billion per year wilaagaidalue
of US $5Q60 billion for the next two decades. He further opines that both upstream and downstream
financing options would play an important role for-gffid electricity supply. Rapid expansion ofgfid
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electricity supply in remote rural areas would tegp expansion of financial services and financing options.
While upstream finance receives greater attention, sustainability of the electrification efforts would also
require a greater attention to downstream activities. Some agencies also observe ¢handnmity of the
challenge is such that public financing will need to be complemented by private funding (NREL, 2015; ARE,
2018), while at the same time ensuring equitable services for the most vulnerable and marginalised
communities. Thus, several goverants have sought to attract private sector involvement in the rgiil
sector with a view to access additional financing, utilise capacity to deploy and maintain infrastructure
assets over the long term, and encourage cost and technology optimisatieNAR2016). Finding the right
way of financing mingrids, managing public investment, attracting privatefioancing for the long term,
providing public support via subsidy or reshbitsed aid, and the efficient operation of the systems are
complex and dmanding tasks: a right balance must be worked out to ensure their viability and
sustainability.

5.3  Risks, uncertainties, and mitigation

Reducing uncertainty around the arrival of the national grid is critical to thetlenmg viability of miri

grids. If déined ahead of time, interconnection and/or compensation mechanisms can allay associated
risks. Countries such as Cambodia, Indonesia, Nigeria, Rwanda, and Tanzania (as well as some states in
India) have introduced regulations that allow a nagnid operadbr to relocate assets, sell parts of its assets

to the utility, or become a small power producer selling electricity to the main grid at a fixed renewable
feed-in tariff and/or become a distributor of electricity purchased from the main grid (IRENA, ZG18).
important determinant of the success of such provisions is the tariff determinationiptestonnection. If

a compensation mechanism is mandatory, it provides a definitive exit option forgméhoperators. In this

case, the methodology for estimati the compensation (e.g. asset depreciation) becomes a key
consideration. Access to a compensation option may also facilitate the negotiation of a fair power purchase
agreement that allows the operator to cover both purchases from and salestothe mdaiR gr ¢ | y' T I y A | |
compensation provision, for example, is limited to five years and covers only distribution assets, leaving
significant elements of risk with the private sector. A point worth highlighting here is thatseis of

renewable energabased sysms often compare the cost of electricity from a mignad to that of the main

grid and are therefore prone to believe that expensive power is being sold to them. At present, also, the
renewable energy systems operators do not get the benefit of tarifégsubsidisation, which is available

to most grid operator. The mirgrid sector will be ready to scale up rapidly once improved services can be
offered at or below the monthly expenditure incurred on paraffin fuel or similar to the price of regulated
tariffs.

6 Way forward

Our review of relevant literature has highlighted that, despite the proliferation of academic and practice
based studies focusing arid and offgrid technologies, there is no firm evidence to support the
commonly held claim that offrid options, particularly mingrids, represent the leagtost option that will
account for a major share of electricity access of hitherto-atactrified population. The planning studies,
however, suggest that a combination of different technologieshvaille to be relied on for universal
electrification, and the technology mix will to a large extent depend on the local context. While the
planning studies have improved our understanding of the electrification challenge by using disaggregated
data and deviping spatially relevant leasiost solutions, there are several knowledge gaps in this area.
These studies remain expedtiven and datadependent. Data quality remains an issue and most of the
studies have relied on a combination of sources of varyiraity, as well as proxies where data is not
available. Improved data are essential for better and more objective decision making. The technocratic
approach to planning fails to capture the aspirations of local stakeholders and may not lead to the future
they want. Moreover, some of the existing models do not have the capacity to capture productive loads
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and integrate with other livelihood opportunities. The possibility of linking with other SDGs is also absent in
these modelling frameworks. Further extemsiwork in this area is possible.

To achieve universal electrification, a systemic approach covering planning, plan delivery, and governance
arrangement is essential, but there is a significant gap in terms of adopting such an integrated approach in
the developing world. The progress in academic knowledge does not appear to have influenited on

ground activities to a great extent. This suggests the need for capacity building efforts in developing the
required skills and expertise at the national levearnBiating a leastost plan to an implementable

programme involves several steps (such as prioritisation and identification of investment projects, detailed
design of projects, project implementation, and project monitoring and evaluation), and an a@iepri
organisational arrangement is essential for access programme implementation.

The literature on governance arrangements for universal electricity access suggests there is no single
template for successful implementation of such a programme, but a gtleadership and a supportive
environment is essential. While countries have made progress in terms of developing the regulatory and
governance arrangements, there are still gaps regarding thetiemg vision about the electricity sector,

the transition @thways for transforming energy access, and the possible interactions between different
local and national systems. To what extent will different solutions coexist, and how will the interaction
between grid and decentralised options (as well as the inteyas between decentralised solutions)

evolve in the long term, particularly in view of decarbonisation of the electricity sector? How can such a
diversified and locally adapted solution be supported to promote sustainable development? In this context,
the UK Department for International Development (DFi)ded projects, such as Transforming Energy
Access and Modern Energy Cooking Systems, are exploring eexg/ppment linkages through the
productive use of electricity and promoting clean cooking amdbitity using renewable energyased

electricity services. Are miugirid/grid infrastructures ready for such applications, and what will the effects

of largescale adoption of electricity for cooking and electricity for mobility beggd/mini-grid systens?
Similarly, technological developments, particularly in artificial intelligence and telecommunication, have
opened smarter ways of doing businesstha future, electric utilities in many countries will work towards
developing urban micrgrids and peeto-peer trading using block chainalill the evolution of

decentralised solutions lead to disruptive business models and signal an end to the central grid, or will the
central grid consolidate its position by absorbing the decentralised solutions?

A suppative governance arrangement for electrification has received global attention, but the issue of
large-scale implementation of such solutions to reach the electrification targets in a timely manner has not
received adequate attention. A programmatic appchdowards delivery of decentralised solutions is

perhaps required to reach a wider section of the population quickly, but such an approach has not yet been
effectively implemented. More importantly, achieving universal electrification by 2030 will reguinge

scale implementation of electrification programmes at the national level that will include grid extension

and accelerated delivery of decentralised solutions. How can national electrification plans be effectively
implemented through programme degi, development, and implementation and monitoring? There is

need for further work in this area to investigate the design, feasibility, and organisational arrangement
required to support a programmatic delivery option.

A sustainable electrification solution has to be affordable to the users, but the available evidence points to
the relatively high cost of decentralised solutions compared to grid supply. This raises the issue of fairness,
equity, and justice: why will soenhave to pay more for electricity than others living in a similar
socioeconomic context? Is parity a desirable national objective for electricity supply? How could this be
achieved? Further research is required on how costs for grid and decentralisédrs®kould be
equalised/harmonised for consumers through internal arrangements to ensure that the technically better
options do not lose out in terms of cost to serve. Moreover, the introduction of costly options into the
electricity system has lortgrm implications for the sector, particularly in countries where the electric

utilities are not financially strong. As the high cost of decentralised solutions derives from their inability to
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exploit economies of scale and infirmness (especially for solawamt), an alternative option has been
suggested where relatively largeeale renewable energy capacity could be embedded at the distribution
network level (Bhattacharyyet al., 2019). The advantage here is the ability to capture scale economy that
reducescost as the capacity can be procured in bulk. Can {acgée renewable energy generation projects
be embedded at the distribution network level in access deficit countries? How will this affect the utility
technically and financially? The technical fedgy of such an option and whether this can address the
issue of electricity access requires further investigation. An alternative approach could be to rely on
bundling of projects over a larger geographical area (or spatial bundling). Studies oléstaind
electrification and the Remote Area Power Supply System in Bangladesh have adopted such a spatial
approach. How can spatial bundling of decentralised solutions be effectively delivered? At what level of
spatial bundling? What is the optimal spatiaverage for such a bundling? What are the implications of
such a bundling approach for the utilities and national planning process? Further work on sustainable
electrification and power system transformation is required.

The nexus between grid and decealised solutions assumes importance for fragile and disasteme

areas. Spyroet al. (2019) argue that half the countries in sBaharan Africa appear in the top 50 fragile
countries, and conventional electricity planning in such cases may not legitoab investment decisions.
Although some recent studies have considered this issue (Patahkby 2019; Spyroet al., 2019; Bazilian

and Chattopadhyay, 2016), the issues here are not well understood. How does the risk affect the
technology choice? Ehprobability of targeting a central station or prominent network infrastructure may

be high, but the decentralised solutions may also be equally affected due to high import dependency, lack
of local supply chains, and damage to the local infrastructure.prfivate and public ownership of assets
could adversely affect repair and replacement activities. Decentralised solutions may place the burden on
individuals who may not be prioritising energy investment in the face of high uncertainty and risk of
damageto the assets. The cost of capital for private investment may also be exorbitantly high. How can
appropriate investment decisions be made in fragile states for enhancing electrification?

Similarly, the issue of resilient systems is gaining importanatcpkarly in vievof the risk of climate

related disastersA report by IRENA suggests that interconnected renewablegrids can enhance

emergency response in disasterone areas (IRENA, 2016c¢). It has been suggested that standalone systems
have proveckffective in various disaster situations in the United States and Japan. Considering the disaster
prone nature of many developing countries, it is important to understand how a resilient electricity system
can be developed. How could migriids and standane solutions be used to offer effective response

during the times of disaster emergencies? Are the local grids and infrastructure of decentralised systems
(e.g. minigrids) resilient enough in case of disaster?

Finally, there have been discussions dD€r and AC systems. Opiyo (2019) opines, based on a comparison
of DGbased versus Alased minigrids, that DC systems with decentralised power storage are more cost
effective for rural electrification in suBaharan Africa. In this context, the Internatdixlectrotechnical
Commission has also started working to develop system standards for DC. With growing access to
computers, mobile phones, and DC lights, there is a potential to expand DC systems that can be supported
directly by solar PV. Is it technilyafeasible and cost effective to switch to DC systems at the household

level, in offices, and more broadly? Can a road map be developed for such a transition, and how will such a
transition shape the future of the grid?
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