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Glossary:
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BOOM

Build Own Operate and Maintain

C&I

Commercial and Industrial

CEA

Central Electricity Authority

DDUGJY

Deen Dayal Upadhyaya Gram Jyoti Yojana

DISCOM

Distribution Company

DRE

Distributed Renewable Energy

EBTC

European Business and Technology Centre

ESCO

Energy Service Company

EU

European Union

FICEP

Financing Investment in Clean Energy Platform

GW

Gigawatt

IREDA

Indian Renwable Energy Development Agency

kW

Kilowatt

Li-On

Lithium Ion

MNRE

Ministry of New and Renewable Energy

MW

Megawatt

NBFC

Non-Banking Financial Company

PSU

Public Sector Undertaking

RGGVY

Rajiv Gandhi Grameen Vidyutikaran Yojana

RO

Reverse Osmosis

SPI

Smart Power India

T&D

Transmission and Distribution

UP

Uttar Pradesh

UPERC

Uttar Pradesh Electricity Regulatory Commission

UPNEDA

Uttar Pradesh New and Renewable Energy Development Agency

UPPCL

Uttar Pradesh Power Corporation Limited

VGF

Viability Gap Funding

VRLA

Valve Regulated Lead Acid

Executive Summary
The DRE Market Brief Report for UP is an initiative by
the Business Support to EU-India Policy Dialogues
project to encourage investments in the Distributed
Renewable Energy (DRE) sector to spur
socio-economic development across rural India,
specifically in the State of UP. The report has been
authored by Smart Power India (SPI) based on their
invaluable experience of facilitating a portfolio of 492
mini-grids in India including 317 projects in UP. SPI is
the key agency in implementing the Rockefeller
Foundation’s Smart Power Initiative in India to spur
socio-economic development in rural communities
through access to reliable energy.

Development Agency (IREDA) supported by KfW and
grant supported DRE solutions, however, the sector
still needs a huge boost in encouraging further
investments to attain 24*7 electricity access across
the nation.

UP, the most populous state in India, has the third
largest state economy in the country. Despite this,
almost 30% of the population lives below the poverty
line. There is a huge electricity supply-demand deficit
in the state, with the peak demand reaching more
than two times the installed capacity of 26 GW.
Despite the state possessing high annual solar
insolation, renewable sources contribute only 3.3 GW
including 1.3 GW from solar energy. There is huge
potential for the DRE sector to thrive in the state and
boost the currently low per capita consumption of
348 kWh. The state seems to provide conducive
environment for DRE activities including policy and
regulation for mini-grids, large-size villages located in
clusters, presence of market-based loads, and the
visible need for sources of alternate energy that
provide them with better quality and more reliable
electricity than the grid.

The focus on DRE solutions across the globe makes it
abundantly clear that electricity is a crucial enabler to
help rural communities achieve economic growth
across all development sectors including health,
education, clean water, irrigation and others. For India
to succeed in a big way, the DRE sector needs to focus
on a 4P approach (Public-Private-People-Partnership),
that integrates people as well to spur socio-economic
development in rural communities.

The state of UP with the growing aspiration for 24*7
electricity across 107,106 rural communities has the
potential for deployment of at least 20,000 mini-grids.
Commercial and Industrial (C&I) solar rooftop
installations is another crucial DRE segment that
promises significant socio-economic development in
rural UP. Partnerships such as The Rockefeller
Foundation’s with Tata Power have set the tone for
commercially viable business models and
catalyzation of investment into the space.
India has witnessed significant progress in financing
of DRE projects including large-scale equity deals for
private mini-grid Energy Service Companies (ESCOs),
debt facility from the Indian Renewable Energy
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Though India has made strides in the DRE space, the
sector is still plagued with many challenges. The key
barriers include unclear policy and regulations on
various fronts, need for adequate financing
instruments for scale-up of DRE activities, and lack of
sufficient technological innovations hindering
efficiency of DRE solutions.

1. Introduction
With the objective to increase business involvement
in strategic areas of bilateral cooperation between the
EU and India and further catalyse socio-economic
development in rural India, the Business Support to
the EU-India Policy Dialogues Project in collaboration
with the EU-India Clean Energy and Climate
Partnership Project and the Delegation of the
European Union to India are working towards
mobilising relevant stakeholders from the Distributed
Renewablel Energy (DRE) sector via a series of
activities, to enhance socio-economic development
in rural India through DRE technologies.
Smart Power India (SPI) is mandated by the ‘Business
Support to EU-India Policy Dialogues’ project to
author this ‘DRE Market Brief Report for Uttar Pradesh’
based on the rich on-ground experience garnered by
the Rockefeller Foundation subsidiary in facilitating a
mini-grid portfolio across more than 300 rural villages
of Uttar Pradesh(UP). Smart Power India, over the last
6 years of its journey in bringing in socio-economic
development in these rural communities has
successfully demonstrated extensive footprint
through a variety of sustainable and scalable business
models across different parts of UP.
The activity encapsulates three key phases including a
webinar, a workshop and identification of mini-grid
pilot projects.

The second phase of the activity includes organising
“EU-India Distributed Renewable Energy Investment
Workshop” on 15th June 2021 with an aim to lay the
framework for DRE pilot projects in the state of UP.
The workshop is planned to cover the following:
Launch of “DRE Market Brief Report of Uttar
Pradesh State” to encourage technology support
and investment action;
High-level discussion on financing DRE in India
including the options available, presentation of EU
technologies with financiers and project
developers in improving their project designs,
descriptions and plans to improve their
bankability; and
Facilitation of contacts between project
developers and the financing community
The third phase of the activity has a focus on
identifying potential pilot projects (mini grid) and will
outline the framework for pilot projects by
conducting preliminary pre-feasibility exercises. This
phase will include dialogues with UP State and DRE
stakeholders. The outcome of all these project phases
will feed into the FICEP platform.

The first phase of the activity comprising an
interactive exchange webinar on “Building EU-India
Technology Partnerships to promote Distributed
Renewable Energy (DRE) as source of reliable energy
access to power rural India” was successfully
organized on 11th May 2021 with an aim to bring
together key stakeholders, including private sector
project developers and investors, state nodal
agencies and public officials for piloting and investing
into innovative and productive DRE projects in UP.
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2. Uttar Pradesh: Favourable for DRE
UP is India’s most populous state, with a population of
235 million. The state covers an area of 240,928 km2
and is divided into 75 districts (refer Figure 1). These
districts are divided into 315 blocks comprising
107,106 villages, with an average population of 1,450
people per village. Agriculture is the leading
occupation in the state with ~55% of the population
dependent on agriculture for their livelihood. Despite
being the third-largest state economy in India, 29% of
the state’s population lives below the poverty line.

of rural UP, commercial diesel generators are
abundant, despite the exorbitant cost of running
them. This highlights the affordability and willingness
of the rural community to pay a premium for a reliable
source of electricity.
UP provides a favourable backdrop to DRE activities
for many reasons. Firstly, the state has high annual
solar insolation2, to the range of 2,150 kWh/m2.
Secondly, the state has an extremely low per capita
energy consumption of 348 kWh, which is 45% lesser
than the national average3. Lastly, UP is the first state
in India to put in place a policy that provides financial
and regulatory support to mini-grids, an extremely
important step to build a conducive environment for
mini-grid ecosystem to thrive across the state.

Figure 1: District Map of Uttar Pradesh

UP has the largest proportion of outgoing migrants
contributing 31%1 share of all domestic emigrants.
The large number of migrants send sizable portions of
their relatively greater incomes back to their families
and hence bring affluence into the village. These
workers access technologically advanced appliances
in urban areas and bring back these appliances to the
village leading to an increase in power consumption.
However, the grid infrastructure in rural areas is often
ill-equipped to deal with an increase in aspirational
electricity consumption. Standalone solar systems
and other alternate sources of electricity are a
common sight in the villages of UP. Across most parts

1 “India Labour Migration Update 2018.” www.ilo.org, International Labour Organization,
https://www.ilo.org/wcmsp5/groups/public/---asia/---ro-bangkok/---sro-new_delhi/documents/publication/wcms_631532.pdf
2 Yadav, Prabhakar, et al. “Distributed Solar Photovoltaics Landscape in Uttar Pradesh, India: Lessons for Transition to Decentralised Rural Electrification.” Energy Strategy Reviews, Elsevier, 29
July 2019, www.sciencedirect.com/science/article/pii/S2211467X19300859#bib29.
3 Bhaskar, Utpal. “UP's Electricity Quest May Hold the Key to Indian Power Sector Revival.” Mint, 12 July 2017,
www.livemint.com/Industry/YZ2CGTtsmUnTM8PT4Y3y3M/UPs-electricity-quest-may-hold-the-key-to-Indian-power-sect.html.
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3. Present DRE Situation
UP like most states of India, witnesses huge demand
supply deficit especially across rural parts of the state.
Uttar Pradesh Power Corporation Limited (UPPCL) is
the Public Sector Undertaking (PSU) that is
responsible for managing the transmission and
distribution of electricity in the state. UP faces
extremely
high ‘Aggregate Transmission
&
4
Commercial’ (AT&C) losses of 45% . Additionally,
Energy Distribution Companies (DISCOMs) in UP also
have very poor financial health. In 2019, UP's state
DISCOMs suffered losses of USD 800 Million5.
The present peak demand for power in UP is 58.3 GW
though the installed capacity is only 26.3 GW6. Of the
26.3 GW of installed capacity in UP, 19.2 GW is thermal
energy. Furthermore, 0.3 GW is produced from
nuclear sources, 2.3 GW from large hydro sources and
3.4 GW from other renewable energy sources such as
small hydro projects, biomass projects, urban and
industrial waste power, wind projects and solar
projects (as shown in Figure 2). UP has an estimated
potential of solar power of 22.8 GW7.

electricity to be available 24x7. Rural UP has decently
large village sizes, clustered villages, and multiple
mini-anchors within villages such as agri-processing
units, irrigable land, carpentry and welding
enterprises, all characteristics of a market-ready
model that is geared up to be uplifted with the
provision of reliable and high-quality electricity.
Therefore, DRE solutions have a huge potential to play
a vital role in the state to bridge the gap in the power
requirement and complement the national grid in
achieving the 24*7 electricity access across rural
communities.

Renewable Energy Installed Capacity (in MW)

1,373 (38%)

2,195 (61%)
25 (1%)

Bio Energy

Small Hydro

Solar Energy

Figure 2: Renewable Energy mix in UP

Though every village has been electrified through the
Government of India’s Saubhagya scheme, the quality
of electricity supply in rural parts of UP is often poor
and unreliable. Electricity is only supplied for 14-18
hours a day, and there are prolonged periods of low
voltage in villages. There is a considerable deficit
between the electricity demanded and the electricity
supplied. At a village level, there is an aspiration for

4 “Detailed Poverty, Affordability, and Gender Assessment of the Uttar Pradesh Power Sector.” ww.adb.org, Asian Development Bank, Dec. 2019,
www.adb.org/sites/default/files/linked-documents/51395-002-sd-05.pdf.
5 Online, FE. “UP Discoms' Losses Mount as Saubhagya Consumers Don't Pay&nbsp;Bills.” The Financial Express, The Financial Express, 24 Sept. 2020,
www.financialexpress.com/industry/up-discoms-losses-mount-as-saubhagya-consumers-dont-pay-bills/2090379/
6 “Installed Capacity (In MW) Of Power Utilities In The States/UTs Located In Northern Region.” cea.nic.in, Central Electricity Authority of India.
7 National Statistical Office. Energy Statistics 2021. www.mospi.nic.in/sites/default/files/reports_and_publication/ES/Energy Statistics India 2021.pdf.
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4. Expansion Potential for DRE
The Government of India is committed to increasing
renewable energy generation across the country,
including in UP. India expects to have 55% of its total
installed capacity to come from renewable sources by
20308. The DRE sector in India is expected to grow
exponentially if commercially viable, institutionally
replicable and environmentally sustainable business
models are deployed. The overall market potential of
the DRE sector in India is estimated to be USD 103.3
Billion9. Harnessing DRE based solutions not only
provides rural customers with clean and high-quality
electricity, but also creates millions of employment
opportunities in the country. DRE solutions have a
greater potential for scalability as projects can be
executed quickly, and without the bottlenecks that
come with large-scale public projects. The State of UP
appears ready for DRE solutions including mini-grids
(refer Figure 3), which have potential for at least
20,000 projects across the State.

The Commercial & Industrial (C&I) segment consumes
more than half the power in India. An opportunity
that is yet to reach its full potential in India, and in UP,
is solar rooftop installations for rural customers. As
75% of installed solar rooftops belong to C&I
customers10, we see that there is a strong demand for
such DRE projects. However, close to none of this
installed capacity is in rural areas. C&I solar rooftops
will not only increase the mix of renewable energy in
UP’s energy mix, but also reduce the high losses faced
by DISCOMs in the state.
The mini-grid ecosystem is presently geared up to
drive holistic economic growth through village level
micro-enterprises and agriculture by using
customer-centred business models and promoting
affordable, energy-efficient appliances. Mini-grids
with electricity as an enabler are going to play an
instrumental role in the economic development of
these rural communities through the potential of
layering in key services spanning across water,
irrigation, health, education, livelihoods and many
more. The miles we have moved in bringing the Indian
mini-grid ecosystem to the present level will ensure
that we are not far from witnessing a new Rural India
with consistent access to 24*7 power leading to a
steep rise in per capita electricity consumption of
rural India.

Figure 3: District level mini-grid readiness in Uttar Pradesh
(Source: REEEP Scale & Sustainability Report)

The Rockefeller Foundation’s partnership with Tata
Power has paved the path forward for the Smart
Power program to electrify 10,000 villages including
comprising 2,000 villages in UP over the next 5 years
via smart solar mini-grids, in turn providing power to
over 25 million people in rural India. Partnerships like
these are catalytic and encourage further investment
in the DRE space.

8 “Indian Renewable Energy Industry Report.” IBEF, Apr. 2021, www.ibef.org/industry/renewable-energy.aspx.
9 “State of the Decentralised Renewable Energy Sector in India.” thecleannetwork.org, Clean Network, 2018,
www.thecleannetwork.org/pdf/State-of-the-Decentralised-Renewable-Energy-Sector-2018.pdf.
10 Garg, Vibhuti, and Tim Buckley. Vast Potential of Rooftop Solar in India. Institute for Energy Economics and Financial Analysis, May 2019,
ieefa.org/wp-content/uploads/2019/05/IEEFA-India_Vast-Potential-of-Rooftop-Solar-In-India.pdf.
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5. The Mini-grid Model
Solar PV powered mini-grid systems (as depicted in
Figure 4), are electricity distribution networks that can
work independently from the government grid
network. In remote areas, electricity from the
government grid is often erratic and unreliable.
Mini-grids powered by renewable energy work to
provide clean, reliable and high-quality electricity to
specific catchments in rural areas. The capacity of
mini-grids usually ranges from 10-100 kW, and they
may even be interconnected with the government
grid.

Figure 4: Typical set-up of a mini-grid in a village

The main components of a mini-grid system are:

Transmission & Distribution (T&D) Cables
T&D cables are a network of low voltage cables that
distribute electricity to mini-grid customers. Typically,
a mini-grid distribution network comprises 40-80
transmission poles covering a grid length of 2-4 kms
depending upon the village demographics and
scatter, market size etc. Cables for transmission and
distribution are usually locally procured.
Meters
Meters are used to measure the quantum of electricity
used by the consumer. Most of the mini-grid
developers use smart meters such as SparkMeter and
Steamaco to receive real time information related to
consumption and create customised packages for
their customers.
Over the last few years, technological innovations
across the mini-grid system have not only eased the
implementation process but also led to enhanced
system efficiency. Plug-and-play solutions such as
AmpereHour Energy’s containerized energy storage
system have reduced capital expenditures, optimised
operational costs, improved real-time monitoring and
control of the system. Annexure 1 details the break-up
of expenditures required to build and operate a
mini-grid.

PV Modules
PV modules are a collection of solar cells that convert
sunlight into electricity through the photovoltaic
effect. The key makers for PV modules are - Alpex
Solar, REC and Waaree.
Inverters
Inverters are used to convert the d.c. electricity
produced by PV modules into a.c. electricity that is
suited for most electrical appliances. Most mini-grids
use inverters made by Schneider and ABB.
Battery Storage
Battery storage is needed in mini-grid systems as the
PV modules are unable to generate electricity during
the night and when there is overcast weather. The two
kinds of batteries used are Valve Regulated Lead Acid
(VLRA) Batteries and Lithium-ion (Li-On) batteries and
mini-grids use batteries mainly made by Exide and
Amara Raja.
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6. Developers and Business Models
The state of UP has witnessed the highest number of private owned mini-grids operational across the nation.
Mini-grid developers with varied business models in terms of strategic approach, capital structure, operational
capability and impact objectives have built in projects across different parts of the state. Table 1 provides a snapshot
of SPI’s ESCO partners operating a majority of their mini-grid projects in UP.
Table 1: Mini-grid Developers and their Business Models

156 Mini-grids

125 Mini-grids

196 Mini-grids

20 Mini-grids

4.7 MW

3.1 MW

3.3 MW

0.6 MW

4,049 Customers

10,041 Customers

19,618 Customers

1,750 Customers

6,577 tonnes of
CO2 reduced
annually

5,410 tonnes of
CO2 reduced
annually

4,623 tonnes of
CO2 reduced
annually

• Tata Power in
partnership with The
Rockefeller
Foundation has
paved the path to
electrify 10,000
villages (2,000
villages in UP) over
the next 5 years via
smart solar
mini-grids

• Instrumental in
developing
biogas-solar hybrid
mini-grids

• Successfully
demonstrated a
sustainable
Anchor-Business
Community (ABC)
model for mini-grids
with telecom towers
as an anchor load

• Implemented more
than 150 mini-grids
in less than 15
months
• Incorporated
technological
innovations driving
down capital and
operational
expenditures

• Front-runner in
designing and
scaling a 100% RE
sustainable mini-grid
model
• Secured the largest
ever private equity
infusion of USD 20
Million to finance
portfolio expansion
across Asia & Africa
• Collaboration with
Mahindra has
provided the Indian
mini-grid sector with
an EPC partner that
can execute quality
mini-grids at a rapid
pace
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• First ESCO to secure
large-scale private
equity infusion (USD
9.1 Million) across
the global mini-grid
sector
• Credited with debt
infusion of USD 4.5
Million by The
Rockefeller
Foundation for
development of a
mini-grid portfolio in
India

871 tonnes of
CO2 reduced
annually
• First ESCO to garner
grant support from
The Rockefeller
Foundation to
demonstrate
sustainable mini-grid
models in rural UP
• Smart Power India’s
innovation hub for
developing new
technologies
resulting in a
real-time Data
Management System,
Utility-in-a-box
solution
• Stimulates local
income generation of
existing business
enterprises by
upgrading traditional
equipment
• Tara Urja acts as an
operating partner for
32 mini-grids set up
by HCL Foundation
and 2 mini-grids set
up by Dalmia
Foundation
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7. Impacting lives through DRE
DRE projects enable people from rural communities
to climb up the energy ladder and pull themselves out
of energy poverty. Projects such as mini-grids not only
provide reliable and high quality electricity to rural
consumers, but also allow for socio-economic
development by encouraging the development of
micro-enterprises. These micro-enterprises, in turn,
help make mini-grids commercially viable.

improves health outcomes in these communities.

SPI focuses on ensuring that electricity is used
productively
by
entrepreneurs
and
micro-enterprises, and that lives and livelihoods are
impacted by DRE projects. SPI’s new demand
generation framework based on ‘5S Model’ is
developed to help a practitioner to select a
micro-enterprise keeping sustainability of solar
mini-grid at the centre. This ‘5S Model’ checks the
viability of a micro-enterprise based on Site
identification and new demand potential, Scalability
potential, Support required for managing these
micro-enterprise loads, Sustainability and Selection
of micro-enterprise in alignment with mini-grid
developer objectives. SPI’s experience of demand
generation for these micro-enterprises is distilled in
the Demand Generation Manual. Below are some
examples of successful micro-enterprises that are
powered by electricity from mini-grids villages in the
state of UP.

Today, he sources unsold milk from 80 farmers in the
area, and stores it for later use by local dairy units.
With the uninterrupted supply of power from the
mini-grid, he sources and sells up to 1,200 litres per
day. He has also set up a ghee processing unit, and a
milk ATM at the local district centre. Ajay earns up to
USD 480 per month, and has increased the income of
80 small dairy farmers in the surrounding area by
buying up their surplus milk.

Water Treatment Unit
SPI supported Ghanshyam Jaiswal of UP’s Shivpura
village to set up a reverse-osmosis (RO) water
treatment plant with a 1,000 litre-per-hour capacity in
2018. SPI provided technical assistance, a
maintenance contract, and even helped him acquire
customers by conducting a safe drinking water
campaign. According to him, the water chiller facility,
particularly, has given him an edge over local
competitors because commercial centres and shops
prefer to be supplied with chilled water.

Bulk Milk Chiller
Ajay Yadav runs a small-scale bulk milk chilling and
distribution enterprise in UP’s Shivpura village.
Previously, Ajay relied on a diesel generator to power
his milk chiller. He was unable to collect and sell more
than 300 litres per day.

Irrigation Pump
Ram Bahore, who hails from UP’s Jamlapur village, is a
marginal farmer with a land holding of 1.5 acres. He
was able to buy a 2 HP electric irrigation pump that he
connected to the mini-grid. The electric pump was
easy to carry and the cost of running it was 25% of
that of a diesel pump. As the pump was only used for
a few days every month, SPI encouraged him to
provide irrigation water to farmers in the vicinity at
half the cost of diesel operated pumps.
During the two peak cropping seasons of the year
(from October to December, and from March to April),
he earns an extra income of USD 200 every year.
Today, he provides 10 farmers with water for irrigation
and is persuading them to plant water intensive cash
crops too. He receives constant requests to expand
the area of his services, and may invest in a more
powerful pump.

Today, he has 250 regular customers within a
19-kilometre radius, to whom he sells chilled water in
20-litre jars at a unit price of USD 0.27. Ghanshyam
now earns USD 824-962 per month during the
summer season, and has also created meaningful
employment for his team of four people comprising
of helpers and drivers. Additionally, he supplies safe
water to Shivpura and nearby villages and hence
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8. Enabling Environment
Recognising the value of DRE systems in rural energy
access and livelihoods, the Government of India has
taken measures to encourage mini-grid development.
This includes permitting mini-grid operators to
operate in rural areas without a license. This allows
mini-grid operators business flexibility such as
operating alongside DISCOMs, choosing their own
customers, choosing which services to provide, and
designing their own tariff structures. The government
has
also
provided
a
framework
for
interconnectedness with DISCOM electricity grids,
which allows mini-grid operators to sell surplus
electricity to DISCOMs and, in certain states, become
distribution franchisees to DISCOMs. These measures
allow mini-grid developers to serve rural areas
without prior licensing from government agencies or
DISCOMs. This guarantees sustained project
ownership in facilitating investment and growth in
the mini-grid sector.

Central Government Measures
Delicensing mini-grids – The Electricity Act
200311 removed requirements for licences to
generate and distribute electricity in rural areas of
all states. A corollary of this is to allow mini-grids to
operate alongside DISCOMs.
Interconnection with DISCOM – The Central
Electricity Authority (CEA), through Technical
Standards for Connectivity of Distributed
Generation Resources Regulations, 201312, allows
distributed energy sources to be connected to the
government grid in all states, and provides
guidelines for the interconnection.
Sale of electricity to DISCOM – The Ministry of
Power’s Tariff Policy 201613 allows DISCOMs to
purchase mini-grid electricity, and provides
relevant guidelines.
The Ministry of New and Renewable energy provided
capital subsidies for registered DRE based mini-grids
until March 2017. However, no such subsidy has been
available since April 2017.

stakeholders to enter the market by putting in place a
landmark mini-grid policy and a regulatory
framework. UP notified two major instruments:
Mini-grid Policy, 201615, and Mini-grid Renewable
Energy Generation and Supply Regulations, 201616.
These explicitly adopt all Central Government
measures, and in addition stipulate subsidies, terms of
electricity sale to DISCOMs, and permissions for
mini-grids to become distribution franchises.
Measures taken by these agencies include the
following (refer to Annexure 2 & 3):
Operating areas – Policy and Regulations allow
operations of mini-grids in all areas notified by the
Government as rural
Interconnection with DISCOM
• Policy and regulations allow mini-grids to be
connected with DISCOM
• The electricity tariff for sale to the DISCOM to
be determined by Uttar Pradesh Electricity
Regulatory Commission (UPERC)
Consumer tariff – Tariff charged by mini-grids to
consumers are mutually agreed upon by the
consumers and developers
Distribution Franchisee – DISCOMs are allowed
to appoint a mini-grid operator as a distribution
franchisee
Subsidy – Uttar Pradesh New & Renewable Energy
Development Agency (UPNEDA) provides capital
subsidy (up to 30% of project cost), with
guidelines including:
• Subsidised mini-grids can be installed only in
villages identified by state Government
• Mandatory service timings and requirements
stipulated
• Tariff charged to consumers stipulated
Uttar Pradesh Solar Policy 201717 further provides
incentives like exemption of electricity duty, and
waiver of stamp duty for solar generating units.

UP Government Measures
The UP government has focused on ensuring that
there is a conducive environment for the mini-grid
ecosystem to thrive. They have incentivised private
11 Mini Grid Policy 2016 is available on the website of UPNEDA http://upneda.org.in/policies.aspx.
12 Mini Grid Renewable Energy Generation and Supply Regulations 2016 are available on website of UPERC http://www.uperc.org/Notified_User.aspx.
13 Solar Policy 2017 is available on website of UPNEDA http://upneda.org.in/solar-energy-policy-2017.aspx
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9. Financing DRE Projects
To achieve the mission of 24*7 electricity supply to
rural communities, financing of DRE projects at scale
is critical as this may lead to accomplishment of
multiple development goals for the region. The
financing of DRE assets and operations plays a vital
role in the project risk and returns. As the DRE market
matures, traditional financiers are increasingly
recognising the opportunities offered by the sector.
SPI’s knowledge of financial considerations is
captured in Mini-grid Handbook - A Business Guide
for Developers and Investors.
For DRE solutions such as mini-grids to be successful,
there are four key parameters. Firstly, capital
expenditure needs to be driven down to ensure
achievable payback period for the projects. Secondly,
there must be adequate demand at the mini-grid site.
Demand could potentially be generated through
anchor loads such as telecom towers, mini-anchors
such as irrigation pumps, or even through
market-based loads. Thirdly, operational expenditures
incurred to run the mini-grid plant must be controlled
and kept low. This may be ensured through clustering
of mini-grid sites so that expenditure on manpower is
reduced. Lastly, ensuring that there is an appropriate
capital structure that has the potential to reward
investors with desired returns along with meeting the
intended objectives of economic development. The
various components of the capital mix and
opportunities for each component along with success
stories from Indian mini-grid segment is detailed
below.

Capital Subsidy
Central and State Governments have been using
capital subsidy to promote mini-grids as a mean to
provide universal access to electricity. By nature,
subsidies need not be returned to the granting
agency; however, they typically come with conditions
on technical standards, level of services, and
consumer tariffs. Governments have recently
focussed on expanding DISCOM infrastructure and
services, at the expense of mini-grids. This has been
demonstrated in the non-renewal of subsidy scheme
by the Ministry of New and Renewable Energy (MNRE)
and limiting of subsidy to selected villages and
models in UP. Subsidies are announced through the
Indian government’s policies, MNRE, and UPNEDA.
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Grant
Grants have played an important role in project
preparation and capital expenditure. Grants need not
be returned, but beneficiary projects and
organisations should comply with their monitoring
and other requirements. Grants may be segregated
basis the entities providing the capital as has been
witnessed by UP and many other parts of India.
Mini-grids funded by grant from Foundations or CSR
funds
The Rockefeller Foundation funded Tara Urja with
grant capital in 2014 to demonstrate 20
commercially sustainable mini-grids in UP & Bihar.
HCL Foundation invested USD 1.38 Million under
their Samuday initiative to develop 32 operational
solar mini-grids in UP.
Dalmia Foundation and Schneider Foundation
have partnered to develop 2 irrigation based
mini-grids in UP.
Mini-grids funded by grant from Government or aid
agencies
The Government of India earmarked Deen Dayal
Upadhyaya Gram Jyoti Yojana (DDUGJY), earlier
known as the Rajiv Gandhi Grameen Vidyutikaran
Yojana (RGGVY), to ensure the expansion of
electricity grid to reach every village in India. The
Yojana has been instrumental in setting up
multiple mini-grids in different parts of India
including UP but unfortunately, most of these
projects become non-operational with in the first
few years of commissioning. This government
initiative needs to build sustainable models for the
mini-grids to thrive under this Program.

Debt
Debt improves the return on equity for profitable
projects, but the need for servicing from the first year
of operations exerts pressure on the developers to
generate cash quickly. Mainstream funding
institutions like commercial and rural banks have
started recognising renewable energy projects as a
priority sector (commercial banks are mandated to
lend to priority sectors identified by the Reserve Bank
of India, and renewable energy projects are allowed
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to be funded under priority sector lending); as such,
debt funding is becoming increasingly available.
IREDA, a government owned Non-Banking Finance
Corporation (NBFC), as well as several venture
debt-funds have provided debt to mini-grids.
IREDA Loan Scheme for Mini-grids
IREDA has a loan scheme, funded by KfW, to promote
energy access with following terms:
All renewable energy options other than biomass
gasifiers, are eligible
The project must be implemented in places that
receive less than 2 hours of electricity from the
national grid during the evening (5PM to 11PM)

Equity Deals in the Mini-grid Sector
Husk Power Systems received an equity infusion of
USD 20 Million in 2018 from Shell Technology
Ventures LLC, Swedfund International and Engie
Rassembleurs d’Energies. This infusion was to
accelerate growth in the mini-grid market in Asia
and Africa.
OMC Power raised USD 9.1 Million in equity from
Mitsui & Co. to upgrade existing mini-grids and
build new ones in India.

Evolving Funding Strategies

Mlinda, one of SPI’s ESCO partners, received a 7 year
loan in 2019 to develop mini-grids in Jharkhand.

Successful mini-grid developers use these financing
tools in different combinations at different stages. At
the inception stage, developers typically fund their
mini-grids with a combination of capital subsidies,
grants, and their own equity. Equity allows the
developer to expedite the learning process and
develop a track record, while subsidies and grants
limit the developer’s risk. Once established,
developers can approach like venture equity funds,
venture debt funds, and NBFCs to expand their
operations. The debt sourced can potentially be used
to re-finance existing successful projects and fund
upcoming projects. Crowd-funding, or sourcing small
amounts from various individuals or corporations for
funding a business or individual project is now
opening up for mini-grids. Grants, equity or debt can
be sourced in this way.

Debt Funding from the Rockefeller Foundation

Crowdfunding

The Rockefeller Foundation provided OMC, an ESCO,
debt of USD 4.5 Million to build 100 mini-grids in
India.

Social projects and businesses use crowdfunding to
serve populations at the bottom of the energy
pyramid. Mlinda, an ESCO, successfully raised enough
funds through crowdfunding using the Milaap
platform to develop mini-grids in Jharkhand.

The minimum loan amount is about USD 70,000.
Debt from the loan can fund at most 70% of the
total project cost, and the rest must be put in by
the developer
The tenure of the loan is 7 years
Interest rates and tenures are described below:
• Up to 2 years - 9.75%
• 2-4 years - 10.75%
• Over 4 years - 11.50%

Equity
Equity from developers, impact investment funds,
development finance institutes or venture capital
funds are used most commonly in financing
mini-grids. Equity reduces short-term risks; however,
it increases pressure on developers and investors to
assume entire risk of mini-grids.
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10. Barriers & The Way Forward
Though the DRE sector has made huge strides in India, it still faces many challenges across the country. In the context
of UP, despite being the first state to have a mini-grid policy in place, there is much uncertainty about the regulation.
The pace at which DRE projects are being scaled in UP has been slow due to various barriers, despite the potential for
at least 20,000 mini-grids across the state. Table 2 outlines the key challenges along with a few suggestions to
overcome these challenges.
Table 2: Barriers in the DRE Market and the Way Forward

Barriers

The Way Forward

Unclear Standards & Regulations

Clarity in Government Policy

The policy lacks clarity on multiple issues such
as down-stream infrastructural subsidies and
clear financial frameworks for implementation.
The multiple options of actions for when the
grid arrives, such as selling power to the grid
or being bought by the DISCOM could prove
less efficient due to unreflective feed-in tariffs
and ambiguous terms of sale.
Delays in Governance Structures
During the pre-construction stages,
developers are faced with delays in acquiring
land, the right of way for distribution lines,
permits, and other approvals. This leads to a
delay in the construction of projects.
Lack of Access to Financing Instruments
As the DRE sector is at a nascent stage, access
to financing instruments is a major barrier to
scaling up.
Debt is hard to obtain due to low assumed
return, projects considered to be risky, and the
cost of traditional debt instruments being too
high.
Financial institutions are often not equipped
with the expertise to evaluate DRE project
investments and are hence wary of extending
credit.
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Terms of grid interconnectedness need to be
outlined in detail so that clear regulations are
in place in the event of grid arrival. Attention
needs to be given to making the terms of
interconnectedness attractive enough to
developers so that they are assured that they
will not be left with stranded assets.

Window Clearances
Governance structures should allow for a
single window clearance mechanism to ease
the administrative burden on developers.

Easy Access to Debt & Equity Instruments
All stakeholders should try to work out a
market mechanism that brings about easy
access to debt and equity instruments for
players in the DRE ecosystem.
There must be cooperation between the
public and private sectors so as to make DRE
projects commercially viable in the long-term
and bring about confidence in the bankability
of projects to attract investments.
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Lack of suitable Technology options
In India, mini-grids still do not have specifically
designed technological components. The
components used are not intended to be used
in mini-grids. For example, the inverters used
in Indian mini-grids are not designed for this
application. Moreover, imported components
such as smart meters are extremely expensive
due to import fees and customs duties.
Limited Capacity Utilisation
When the demand for electricity is low, the
plant is not efficiently utilised.
Low demand also leads to a higher tariff
burden on the consumers.

Insufficient Awareness

Embracing Technological Innovations
It is important to have technological
innovations specific to mini-grids, despite
their small global market. Investment must be
made in the space so that new, innovative
components increase efficiency and drive
down costs of DRE projects.

Data Aggregation
Projects need to be sized optimally and
demand assessment must capture current and
future demand to ensure sustainability.
It is important to have a robust marketing
strategy based on collected data to ensure
consumer uptake of mini-grid electricity is
high. There should be constant monitoring of
the local needs so as to adapt the marketing
strategy accordingly.
Educate Community on DRE Benefits

Mini-grid developers are faced with high
manpower costs due to the lack of adequate
skilled manpower in rural areas.

It is important to train and skill local
personnel, and also monitor operations to
understand the shortage of manpower.

Furthermore, the lack of awareness amongst
consumers on the benefits and use of
electricity is very low.

Effort should be made in educating rural
communities about the benefits of DRE
projects, through village level channels to
support the growth of the DRE sector.
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11. The Need for DREs
Electricity is a crucial enabler to help rural communities achieve all development objectives including health,
education or, economic growth. With the focus on DRE solutions across the globe, it’s become apparently clear that
electricity is really the glue that brings all the different development sectors together. Therefore, DRE solutions have
the potential to address this critical issue of people without access to electricity for all geographies including UP and
all parts of India because of the impact that electricity has on development.
DREs such as mini-grids, along with the services they deliver, have the potential to be significant drivers of rural
development. They unlock latent economic potential and livelihoods, and simultaneously enable aspirations for an
improved standard of living. The benefits of mini-grids have been manifold. The increased access to electrical
appliances for home and business use, promoted by ESCOs’ demand stimulation initiatives and by consumers’ own
responses, have increased reliability.

DRE systems have an important role to play in both the delivery and the use of electricity in rural areas. The
prominence of mini-grid technologies and business models continues to grow, while the service ecosystem and
policy landscape surrounding them is simultaneously maturing. India may well witness a shift in the narrative around
last-mile electricity access and delivery. Within the context of UP, the growth of the DRE sector rests on a cooperative
4P approach (Public-Private-People-Partnership), that is supported by dynamic policy and supportive finance.
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Annexure 1: Capital & Operational Expenditures
Figure 5 and 6 depict the break-up of the typical capital and operational costs for a viable 30 kWp solar mini-grid with
batteries and a diesel back-up are given below. The capital expenditure for a plant is USD 58-70k and the monthly
operational expenditures are USD 190-250.

Capital Expenditures

Operational Expenditures
Land Rent
2%

Planning and Design
5%
Diesel Genera�on
5%

Fuel
15%

Buildings and Fencing
10%
Solar Genera�on Unit
40%

Manpower
55%

Distribu�on
Infrastructure
20%

Maintenance
28%

Ba�ery Unit
20%

Figure 5: Capital Expenditure Break-up
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Figure 6: Operational Expenditure Break-up
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Annexure 2: Summary of UP Mini-grid Policy
Nodal Agency

Uttar Pradesh New & Renewable Energy Development Agency (UPNEDA)

Area of Operations

Un-electrified habitations/hamlets and in contiguous undeveloped and backward
rural/urban areas deprived of conventional grid or with relatively lesser supply of
electricity

Operative period

10 years from notification i.e., until 2026

Project Capacity

Not more than 500 kW

Subsidy and
guidelines for
availing

Guidelines for
non-subsidised
projects

Up to 30% of the project cost
Project shall be installed in villages/Majras identified by UPNEDA/State Govt
Projects shall operate under Build Own Operate and Maintain (BOOM) model
Developers shall be selected by UPNEDA through bidding process based on
viability gap funding (VGF)
Land to be arranged by the developers
Mandatory daily supply of 3 hours in the morning and 5 hours in the evening for
domestic loads
Daily 6 hours supply of electricity for other production and commercial needs
Tariff
• Rs. 60/- per month for load of 50 Watt
• Rs. 120/- per month for load up to 100 Watt
• Mutually agreed tariff for load beyond 100 Watt
Systems should comply with guidelines of CEA and Uttar Pradesh Power
Corporation Ltd
Guidelines for subsidised projects do not apply to projects not seeking subsidy, i.e.
developers are free to select the villages, determine their own tariffs and supply
hours are not mandatory
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Annexure 3: Summary of UPERC Mini-grid Regulations
Allowed project size

Up to 500 kW

Allowed areas

Rural areas
Areas having inadequate supply of electricity during peak hours and/or
compulsory supply hours
Mini-grids are allowed to be developed in areas with and without grid presence

Interconnection with
grid when expands

Mini-grids are allowed to interconnect with DISCOM when extended to the
mini-grid area of operations.
Interconnection shall comply with CEA guidelines
Any cost of interconnection shall be borne by the mini-grid operator
Mini-grids can choose to
• Operate independently and serve their consumers
• Connect to DISCOM and sell surplus electricity
• Sell entire electricity generated to DISCOM
• Sell assets to DISCOM

Interconnection
with existing grid

Mini-grids are allowed to operate in areas with existing DISCOM services
Interconnection shall comply with CEA guidelines
Any cost of interconnection shall be borne by the mini-grid operator
Mini-grids can choose to
• Operate independently and serve their consumers
• Connect to DISCOM and sell surplus electricity after six months of operations
• Sell entire electricity generated to DISCOM after three years of operations

Applicable Tariff
on electricity sold
to DISCOM

Tariff is determined by UPERC
Currently tariffs determined in UPERC Captive and Renewable Energy
Generating Plants) Regulations, 2014 are applicable

Applicable Tariff
on electricity sold
to consumers

Tariffs mutually agreed by consumers and mini-grid operators
For subsidised projects, tariff shall be as per the UP Mini-grid Policy 2016
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Smart Power India: Transforming lives in rural India
Established in 2015 by The Rockefeller Foundation,
Smart Power India (SPI) is the key agency
implementing the Rockefeller Foundation’s Smart
Power Initiative in India to spur socio-economic
development in the rural communities through
access to reliable electricity. SPI extends power to
those without sufficient access, intending to end
energy poverty and transform the livelihoods of the
underserved. To this end, SPI continuously strives to
build and nurture ecosystems that promote
sustainable and scalable models for delivering
electricity access.
Over the past six years, SPI has been working closely
with a wide range of stakeholders to develop the
ecosystem needed to conceptualize, catalyse,
develop, and scale up the DRE mini-grid sector in
India. SPI enables its ESCOs in successfully
implementing and operating DRE based mini-grids in
rural communities of India. This support to ESCO
partners is provided across the entire value-chain of
mini-grids including financing, technical know-how,
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community engagement, load development as well
as in building a conducive policy and regulatory
environment.
As of June 2021, Smart Power India facilitates the
largest mini-grid portfolio across the globe providing
electricity to 492 villages in India across the states of
Uttar Pradesh (UP), Bihar and Jharkhand. SPI under
this program presently supports 13 ESCOs to
transform the lives of over 380,447 people in rural
India. The Smart Power Initiative is serving 344
electricity-based
micro-enterprises,
directly
incubated by SPI across these 492 villages. SPI also
supports the mini-grid sector’s policy engagement in
India to align incentives between government,
investors, and ESCOs. SPI played a vital role in Uttar
Pradesh launching the mini-grid policy and
regulations, thereby becoming the first state in India
to achieve that feat.
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