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Abstract

S olar micro-grids are emerging as an alternative
source of power to agricultural consumers,
supplying affordable, reliable, and clean electricity.
Micro-grid installations situated in close proximity

to the consumption point offer additional benefits to
distribution companies (discoms) such as lowering

of transmission and distribution losses, deferral of
investments in evacuation infrastructure, and fulfilment
of the renewable energy purchase (RPO) targets.
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The Ministry of New and Renewable Energy (MNRE)
launched the Pradhan Mantri Kisan Urja Suraksha Evam
Utthan (PM-KUSUM) scheme in 2019, with the aim of
reducing the grid dependence of agriculture pumps.
This in turn would bring down the subsidy burden of
agricultural power consumption on discoms and provide
additional source of income for the farmers (Ministry

of New and Renewable Energy 2019). Many states have
also launched similar schemes/policies for solarisation
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of their agriculture loads, with notable examples of the
Agriculture cum Solar Farm Scheme in Delhi and the
Mukhyamantri Saur Krishi Vahini Yojana in Maharashtra.

Tata Power Delhi Distribution Company Ltd (TP-DDL)
shared data with us to conduct a techno-economic
feasibility of solar micro-grids in its licensee area for
different ownership structures: (i) farmer-owned, (ii)
discom-owned and (iii) third-party-owned systems.

The analysis also covers the business model proposed
under the Delhi Agriculture cum Solar Farm Scheme, in
which a third-party generator sells electricity through
virtual net metering only to government entities such as
Delhi Jal Board (Department of Power, Government of
National Capital Territory Delhi 2018). The solar plant is
set up at an elevated structure on a farmer’s land and the
generated electricity is fed into the distribution feeder.
Our analysis compares levelised tariffs (INR per kWh) for
solar generation and farmers’ income under all the four
ownership structures (the term business model is used
invariably). The study also demonstrates impact of time
of agriculture supply on discom benefits and concludes
that the agriculture load coinciding with solar generation
yields maximum benefits compared to the round-the-
clock supply through a reduction in power purchase
expenses (which are higher during daytime compared to
that for round-the-clock supply) of the discom.

We observe that the farmers earn six times higher revenue
through land lease in third-party owned and discom-
owned systems compared to the income from farmer-
owned systems. The discoms realise marginally higher
solar tariffs (INR 0.30—0.80 per kWh) in case of third-party
or discom-owned systems compared to farmer-owned
systems due to the additional land lease component in
these arrangements. The farmer-owned systems face
several market challenges for scaling up: access to low-
cost capital, higher upfront cost, and lack of know-how

of the solar systems to the farmer community (Agarwal
and Jain 2018). We recommend that the Government

of Delhi and the discom promote third-party-owned/
discom-owned systems installed on the farmer’s land. The
marginal difference in tariffs can be compensated by policy
measures such as generation-based incentive and capital
subsidy. Considering the demand of 10 MW for solarised
feeder under Component A for Delhi, the financial support
would amount to INR 1.26 crore per year.!

Considering 18 per cent capacity utilisation factor (CUF).

g wN =

75 HP.
Assuming 5 HP power of a diesel pump.
7 CEEW analysis based on Central Electricity Authority reports.

(o)}

Indian agriculture sector poses challenges for three
other sectors in India: energy, environment, and
economy. The sector consumes 17 per cent of the total
electricity in India (Ministry of Statistics and Programme
Implementation 2021) and continues to be a heavily
subsidised segment for the distribution companies
(discoms), receiving 75 per cent of the total electricity
subsidies (Aggarwal, et al. 2020). Indian discoms are
already burdened with retail tariffs being much below
the average cost of supply? (ACoS),3 delays in subsidy
disbursements, and poor collection and billing. Further,
they realise very poor revenue from agricultural
consumers, which adds up to their financial crunch.
There are over 30 million agriculture pumps installed
in India, deployed primarily for irrigation purposes.
Around 10 million pumps (Ministry of New and
Renewable Energy 2019) in India run on diesel and emit
around 60 million tons of CO,.* Solarising the diesel-
based irrigation, for instance under (PM-KUSUM-B),5
translates to a latent demand of 8.25 GW (Standing
Committee on Energy, 17th Loksabha 2021).° The
remaining pumps mainly use grid electricity, which

is dominated by thermal generation (75 per cent of

total generation),” adding to air pollution and global
warming. Notably, the sector employs around 59

per cent of India’s working population (Food and
Agriculture Organisation 2017), with an abysmal per
capita income of around INR 6,427 a month, leaving no
room for savings (National Sample Survey Office 2013).

Solarising agricultural power consumption can address
the challenges posed to three other sectors highlighted
earlier. Solar tariffs lower the cost of electricity supply

to agricultural consumers, reducing the gap between
ACoS and the retail tariffs. This gives some relief to

state governments that operate in a limited fiscal space.
Commercial and industrial (C&I) consumers also benefit
from a potential reduction in cross-subsidy quantum. Also,
solarising pump usage will reduce the carbon emissions
from the sector significantly. Although water consumption

The agri sector employs around 59% of
the working population with per capita
income of around INR 6,427 a month.

Itis the cost incurred to the discom to provide 1 unit of electricity to the consumers.

Power purchase typically makes up 70-80 per cent of the average cost of supply.

Assuming 600 hours of 5 HP pump operation a year. CO, emissions are taken as 2.68 kg per kwh of energy.

The component B of PM-KUSUM scheme aims to install 17.50 lakhs of standalone solar photovoltaic (PV) pumps of individual capacity up to
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Figure 1 Retail tariffs for agriculture consumers in Delhi are much lower than the average cost of supply
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Source: Authors’ adaption from DERC tariff orders

at the farm level may not be altered,® solar feeders
contribute to the conservation of scarce national resources
by eliminating the need for water required in thermal
generation: a typical thermal plant consumes 3.7 litres

of water to generate 1 kWh of electricity post-adjustment
of transmission and distribution (T&D) losses. Farmers
can also enhance their income by leasing out land to the
project developers or selling solar power to the discoms.

Given the multitude of benefits of solarising
agriculture, the Government of India launched the
Pradhan Mantri Kisan Urja Suraksha Evam Utthaan
Mahabhiyan (PM-KUSUM) scheme in 2019, intending

to reduce the subsidy burden on agriculture
consumption, contribute to India’s nationally
determined contributions (NDC), and increase farmer’s
income. The scheme has three components—A, B, and
C. Under component A, renewable energy projects with
a combined capacity of 10,000 MW, with each project
between 500 kW and 2 MW capacity, will be set up by
groups of farmers and project developers. The power
will be bought by discoms at a feed-in tariff. Discoms
have also been given the option to own and operate
these solar plants in case farmers cannot raise equity.
Discoms are given INR 0.40 per kWh or INR 6.6 lakh per
MW of installed capacity for the first five years from the
commissioning date of the projects as a performance-
based incentive (PBI). Discoms also realise system-level
benefits such as avoided power purchase cost, RPO
compliance, and avoided T&D losses. Additionally,
there are a few state-level schemes for the solarisation
of agriculture such as Mukhyamantri Saur Krushi Vahini
Yojana in Maharashtra and Agriculture cum Solar Farm
Scheme in Delhi. In this brief, we analyse different

—e— Agriculture tariff (INR per kwWh)

Retail tariff and cost of supply
(INR/kWh)

2019 2020 2021
—o— Average cost of supply (INR per kWh)

ownership structures and their impact on the discom
revenue and farmers’ income through a case study
approach. This issue brief covers the component A of
the PM-KUSUM scheme and the Agriculture cum Solar
Farm Scheme by the Government of Delhi.

We used data from the Tata Power Delhi Distribution
Limited (TP-DDL) to assess the techno-commercial
viability of solar agriculture micro-grids using cost-
benefit analysis. The TP-DDL shared the relevant data in
FY19-20 for the study.

1.1 Case study of agriculture
consumers in north Delhi

We studied the impact of solar micro-grids for different
business models in TP-DDL licensee area, which
supplies power in north and north-east Delhi. The share
of agriculture in total sales is abysmal (DERC Tariff
Orders FY15-FY21) (i.e., 0.17-0.20 per cent)?, which
leads to revenue loss for the discom. The quantum

of agriculture sales has remained almost stagnant
between 12 and 14 MU over last few years and so has the
sanctioned load, which is about 28 MW. The tariff design
in Delhi is similar to many other states. Agricultural
consumption is heavily subsidised, as electricity tariffs
are much below the ACoS. In fact, the retail tariff for

the agriculture category fell by almost 80 per cent in
2019 and has remained unchanged. Insights from the
case study could help other states to adopt strategies
and business models for the uptake of solar in the
agriculture sector. The power is supplied primarily for
tube-well irrigation, threshing,* and kutti cutting.»
Figure 1 shows the trends in agriculture sales, retail
tariffs, and the ACoS.

8 Impact on water consumption would be a complex issue since solar power can also lead to reduced ground water extraction because of improved
and predictable supply, while consuming ground water for its operations. This requires a more focused study on the subject and is beyond the

scope of this case study.
9 CEEW analysis based on DERC tariff orders for TP-DDL.

10 Separating grains of rice or wheat from the rest of the plant with the help of a machine.

11 Chopping up hay and straw to convert it into chaff for feeding to cattle.
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2. Business models for
agriculture solar micro-
grids

Market challenges such as higher capital investment,
fragmented nature of the business, and lack of
awareness about the processes can restrict the uptake
of solar for the agriculture sector. Solarisation of
feeders can be done under different business models

to address some of these market challenges. The PM-
KUSUM scheme has also proposed variations in the
ownership structures: farmer-owned, third-party-
owned, and discom-owned systems. Some states have
also notified schemes for solarising agriculture feeders.
For instance, Agriculture cum Farmer Scheme in Delhi
allows developers to set up solar plants on the farmer’s
land and sell the generated power to government
departments. The plant could either be set up on a
barren/uncultivable land or in farmer’s field. However,
the analysis assumes the plant is set up on the farmer’s
land with an elevated structure so as to not affect the
farming activity. The generation from the plant is fed
into the distribution network. If the feeder load demand
exceeds generation, shortfall in supply is met through
grid electricity. At times, when the generation is more
than the feeder load demand, surplus electricity is fed
into the distribution network. The business models vary
primarily on ownership of the system, and depending on
the ownership, the net benefits to different stakeholders
and financing requirements vary significantly.

In this section, we review different business
models, their benefits and challenges, and provide
recommendations to scale up each of these models.

Retail tariff fell by 80% in 2019 to
INR 1.50 per kWh, and has remained
unchanged.

2.1 Farmer-owned systems

In this model, an individual farmer or a group of
farmers (such as Farmer Producer Organisations)
build, own, and operate the solar plant situated closer
to their serving feeder. The project is partially funded
by farmers’ equity (30 per cent) and the rest of the
investment is financed by lenders such as the bank.
Farmers enter into power purchase agreement (PPA)
with the discom and earn additional revenue by selling
the power at a pre-determined tariff (Figure 2).

Benefits of the model

e Farmer-owned models can fetch the lowest levelised
solar tariffs as there is no in-built land lease
component. This in effect would reduce the power
purchase expenses of the discom. Revenue from
selling solar power provides an additional source of
income for the farmers.

Challenges in scaling up

o Farmers have to pay a high upfront capital for
setting up the solar power plant.

e Asthere is information asymmetry about the
creditworthiness of the farmers and lack of
collateral, accessing cheaper financing options is
difficult for the farmers.

e Lack of skilled manpower required for installing the
plant.

o Lack of awareness among farmers and farmer
associations regarding the benefits and financial
support they could avail.

Figure 2 Farmers sell all the electricity generated by the solar plant at the PPA tariff to the discom

Farmer

Project Developer

Source: Authors’ analysis

>< nunmn

1. Project developer installs solar plant under CAPEX
model & transfers the asset to the farmer/s.

2. Farmer/s sells electricity to the discom at PPA tariff.
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Figure 3 Project developer pays land rent to the farmer and sells generation from the plant to the discom at the

PPA tariff

Project Developer

)
nunn

Farmer

Source: Authors’ analysis

2.2 Third-party-owned systems

In this model, a private project developer is selected
through competitive bidding to build, own, and
operate the plant for 25 years. The project is partially
funded by the developer’s equity (30 per cent) and
leverages the remaining capital cost from the banks.
The developer signs a power purchase agreement
(PPA) with the discom and sells the entire generated
power at a tariff discovered during the bidding
process. Farmers earn additional revenue by leasing
the land to the developer through an agreement
(Figure 3).

Benefits of the model:

o Higher potential to scale up as third-party
generators are likely to have better creditworthiness
and access to financing compared to individual
farmers.

o Lease revenue provides an additional revenue-
generating opportunity for the farmers without any
upfront investment.

Discom

1. Project developer pays monthly rent to the farmer/s for using
their land for solar plant.

2. Project developer sells electricity to the discom at PPA tariff.

e Third-party developers are able to mobilise skilled
manpower for the project construction, operation,
and maintenance, which is a challenge in farmer-
owned systems.

Challenge in scaling up

Land lease at a rate that is fair relative to the monthly
income of the farmers would increase the solar tariff
significantly.

2.3 Discom-owned systems

In this model, the discom builds, owns, and operates the
plant for 25 years. The project is partially funded by the
discom’s equity (30 per cent) and the remaining capital
is borrowed from the banks. There is no power purchase
agreement as the discom itself is the power generator.
Savings realised through low-cost solar power reduces
the cost of supply to the discoms and benefits can be
passed on to the consumers, thereby lowering the cost
of supply to the agricultural consumers. Farmers earn
additional revenue by renting the land to the discom
through an agreement (Figure 4).

Figure 4 The discom-owned asset feeds generation in the grid

L=

Distribution
network

Farmer

1. Project developer installs solar plant under CAPEX model & transfers the asset to the discom.

2. Discom pays monthly rent to the farmer/s for using their land for solar plant.

: 3. Discom-owned solar plant generates and injects electricity in its network.
Project Developer

Source: Authors’ analysis
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Benefits of the model

e Asthe discom raises the required capital, challenges
associated with farmer ownership such as higher
transactional costs and lack of know-how of the
project and the technology are eliminated. Farmers
could use their available capital for productive use in
farming activity, and the discom can easily find the
capital and skilled manpower to operate the plant.

e Transactional costs in terms of tendering and signing
PPA contracts would be eliminated. In fact, discom
could leverage resources such as available manpower
and existing vendor base to execute the project.

Challenges in scaling up

o Land lease at a rate that is fair to the land owners
would increase the solar tariff significantly.

o The financial health of discoms would be a concern
for raising low-cost capital.

2.4 Third-party owned systems under
virtual net metering

In this model, a third-party project developer builds,
owns, and operates the plant on the farmer’s land. The
developer also contributes an equity and gets the rest of
the funding from the financial institutions such as the
banks. Unlike the previous third-party owned model,
the power generated is sold to consumers other than
the discom (e.g. government departments, railways, or
metro at a discovered tariff under virtual net metering).
The discom levies applicable surcharges or parallel
operation charges on the power transaction. Farmers are
paid a lease amount per month for using the farm land
for solar generation (Figure 5).

This arrangement might incur revenue
loss to the discoms, as the power will
be sold to the government who pay
premium tariffs.

The Agriculture cum Solar Farm Scheme by the Delhi
government proposes this business model and
recommends lease payment and the free electricity

to be provided to the landowner. Farmers are paid

a monthly lease of INR 8,333 per month by the
developers for the land use. The scheme also entitles
farmers free electricity of 6,000 kWh per MW from the
solar power plant annually. The developer puts up the
plant on the farmer’s land at a minimum elevation

of 3.5 metres so as to not hinder the farming activity.
The model proposed under the scheme is essentially
a renewable energy service company (RESCO)-based
ownership, where the solar developer sells the
electricity at a pre-determined rate to the government
entities such as Delhi Jal Board, Health Department,
and Public Works Department.

Benefits of the model

o Lease revenue provides an additional revenue-
generating opportunity for the farmers without any
upfront investment.

o Higher potential to scale up as third-party
generators will have higher financing backing and
credit worthiness compared to individual farmers.

o Third-party developers are able to mobilise skilled
manpower for the project construction, operation,
and maintenance easily, which is a challenge in
farmer-owned systems.

Figure 5 Project developer pays the land rent for the plant and sells electricity to government entities under virtual

net metering

Project Developer

Gov't entities such as
Delhi Jal Board

Farmer

Source: Authors’ analysis

1. Project developer pays monthly rent to farmer/s for using their land for solar plant.
2. Project developer supplies electricity to gov't entities at a pre-determined tariff.

3. Gov't entities pays applicable charges to the discom.
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Farmer-owned models are likely to
fetch the lowest levelised tariff.

Challenges in scaling up

e The PPA with a non-agriculture consumer will
not be beneficial from the discom’s perspective
as that would fail the key objective of solarising
agricultural feeders to reduce cross-subsidy burden.
In fact, this arrangement might incur revenue loss
to the discoms, as the power will be sold to the
government entities under virtual net metering who
pay premium tariffs.

3. Methodology

The case study assesses the techno-economic impact

of solar micro-grid on the farmer’s revenue, the discom
business, and on feeder load profile in Narela district
(zone 514) in North Delhi.” We compute the levelised
cost of solar generation (LCoE) using the discounted
cash flow method under four ownership models
described in section 2. The assumptions for LCoE
calculations are shown in Annexure A. We also quantify
broader system-level benefits of solar plants injecting
power into the selected feeders of the discom (in INR per
kWh and in INR lakh). These benefits are computed over
the lifetime of the solar plant (25 years) and brought to
present value terms. The benefits are indicated in

Figure 6. Since the analysis is done for FY 19—20, when
the floor price of renewable energy certificate (REC)

was set to INR 1 per kWh and when the market was
functional, we have used INR 1.12 per kWh as the REC
cost incurred on TP-DDL based on our analysis of the

Figure 6 Costs and benefits to the discom of a solar
plant connected to the agriculture feeder

Cost Benefits

Avo;

Source: Authors’ analysis

tariff order. We then compare the system-level benefits
with the cost of solar generation, to arrive at net benefits
and reduction in the cost of supply (INR per kWh and
INR lakh) spread over 25 years. The monetary benefits to
farmers are also estimated under all ownership cases.

The solar micro-grid of size 1 MW has been considered
for our techno-economic analysis. The plant is connected
directly to the feeder substation of the licensee and injects
power into the grid. The analysis has been carried for
two demand scenarios: (i) when the agriculture load is
supplied power only during daytime (6 a.m. to 6 p.m.)
and (ii) when the load is supplied power round the clock.
Figure 7 shows the schematics of solar micro-grid. As

in many states, the agricultural load is fed on roaster
basis—daytime supply on some days/week and night
time supply on the other days. We have considered the
impact of time of pump usage on the net benefits to the
discom and reduction in cost of supply to the farmers by

Figure 7 Schematic representation of a typical solar feeder micro-grid

Solar PV, 2-10 MW plant

AN

Line remains energised during
daytime (8 am - 6 pm), feeder
disconnected in other hours

NS
]

Agriculture feeder

g Distribution sub-station

Incoming
transmission line

Residential Feeder Line

Source: Prayas Energy Group (Solar Feeder)

T2

]

s

12 The analysis is based on the data collected for FY 19-20. With reduction in capital costs and interest rates, the levelised cost of electricity would

reduce correspondingly.

7



Feasibility Assessment of Agriculture Solar Micro-Grids: A Case Study of TP-DDL Discom in North Delhi

Figure 8 Agriculture load on a selected DT in TP-DDL licensee area
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the discom. Figure 8 shows the load profile of a sample
distribution transformer (DT) in the TP-DDL region.

3.1 Learnings from economic viability
assessment

In this section, we present the economic viability of four
business models: farmer-owned system, third-party
owned-owned system selling power to the discom, third-
party owned systems selling power only to government
entities, and the discom-owned system. We also test the
impact of time and duration of the agricultural load and
system size on the economics of the solar plant. The

Figure 9 Farmer-owned system is the cheapest way to
generate power
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impact on farmers’ income under four business model is
also analysed in the section.

Figure 9 compares the LCoE for different business
models. For farmer- and discom-owned systems,

the cost of procuring components such as modules,
inverters, and wires would be higher than for third-party
owned systems because the former would be procuring
them at the market price while the latter would do so

at wholesale quantum, giving cost advantage for the
third-party owned systems. Additionally, developers

can raise capital at more attractive interest rates due to
better credit rating compared to farmers and the discoms.
Therefore, comparatively, the cost of debt is least in
third-party owned systems. The developers operate their
businesses on a thin margin due to sharp competition
and thus give lowest return on equity compared to other
ownership structures. Return on equity for the discoms
and the farmers would be based on the regulated
return on equity based on prevalent feed-in tariff and
thus appears to be higher than in the developer-owned
system. Yet, farmer-owned models are likely to fetch the
lowest levelised tariff as the lease rent for other models
increase the tariff by around 1728 per cent (adding
about 0.7 INR/kWh). The savings on land lease offsets
the increase in input prices and other financial costs,

Highest reduction in CoS is seen

in farmer-owned systems, as they
yield lowest solar tariff among other
ownership structures.
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Figure 10 Farmer-owned system supplying agriculture load in daytime gives maximum reduction in cost of supply
in the first year

s Day time supply Round-the clock supply
231 2.03 1.60
6 ci“llg ?';'20 2‘;'20 116 0.88 0.45
: : : 0.40 0.40 0.40

INR per unit of solar generated

Farmer Third-party Discom Farmer Third-party Discom

[ Avoided power purchase Avoided REC purchase PBI B Cost of solar power

Source: Authors’ analysis
Note: The values in blue font indicate ‘Net reduction in cost of supply’.

making farmer-owned system cheapest in INR per kWh The discom could save on power purchase expenses
terms among the business models. by shifting the supply during daytime. The highest
reduction in CoS is seen in farmer-owned systems, as
Figure 10 shows the reduction in cost of supply (CoS) they yield lowest solar tariff among other ownership
to agricultural consumers in the first year across three structures. Farmers can earn additional revenue by
business models and for two load supply durations: selling power to discoms. However, system ownership
day time and round-the-clock supply. Benefits like requires capital investments, debt servicing, and O&M
performance-based incentive (PBI) and avoided REC expenses, which reduce net income for the farmers.
purchase (or avoided RPO penalty cost) are related to
annual generation, which remains the same across all Figure 11 compares net benefits for the discom under
the cases. The variable cost of the marginal generator three business models and for different supply durations
that supplies power during daytime is observed to over the period of 25 years. The discom could save more
be higher than the variable cost during night time. on power purchase expenses and meet the RPO targets

Figure 11 Discom realises highest net benefits over the lifetime when a farmer-owned system supplies the
agriculture load during day time

3 0.91 0.78 0.60
= 0.07 0.07 0.07 0.42 0.30 0.11
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Source: Authors’ analysis
Note: The values in blue font indicate ‘Net benefits over the lifetime’.
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Figure 12 The discom incurs revenue loss under agriculture cum solar farm when the developer sells power to the
government entities through net metering
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|
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PPA with discom

PPA with discom 6000 units

Delhi govt scheme

free electricity

[ Avoided power purchase

Source: Authors’ analysis
Note: The values in blue font indicate ‘Net revenue loss’.

if the agriculture load is supplied during daytime across
all the business models. The average power purchase
cost incurred to the discom during daytime is observed
to be higher than the average power purchase expenses
incurred for round-the-clock procurement. Avoided REC
purchase cost and PBI are directly linked to the solar
generation, and therefore their contribution to the net
benefits remains the same (INR 0.56 per kWh) across all
the business models and supply durations. In absence
of functional REC markets, the avoided REC component
can be treated as avoided RPO penalty cost. Our analysis
considers INR 1.12 per kWh as avoided RPO penalty
cost. Farmer-owned systems give maximum net benefits
to the discom, as they yield lowest tariffs across three
business models.

Under Agriculture cum Solar Farm Scheme, the
developer sells electricity at a competitively
determined tariff to government entities under RESCO
arrangement. The entities such as Delhi Jal Board and
Public Works Department reduce their electricity bills
through virtual net metering, as their commercial rates
are higher than the solar tariffs. This results in a net
loss to the discom (INR 1.56 per kWh) as it loses on
premium sales (Figure 12).

The scheme also mandates free electricity up to 6,000
kWh per MW per year to the farmers, which reduces
subsidised sales of the discom and gives a net benefit
of INR 0.30 per kWh similar to the simple arrangement

TP-DDL commercial tariffs are higher
than the solar tariffs. This results in a
net loss to the discom.

Avoided REC purchase

PBI M Costofsolar power [l Revenue losss

The discom could save more on power
purchase expenses and meet the RPO
targets if the load is supplied during
daytime.

where the discom signs a PPA with the developer and
buys power at a competitively determined tariff. It is
noted that the avoided power purchase expenses, RPO
compliance costs, and PBI are linked to solar generation
and thus remains the same across different cases
considered.

The scheme provides for INR 8,333 per month per acre to
the farmers as rent, which would escalate at 6 per cent

a year, and 6,000 units of free electricity a year from the
solar plant in case the farmer leases land. This means
that the farmers could deploy their equity for other
productive purposes in the farming activities. As seen in
Figure 13, the income from land leasing is seen six times

Figure 13 System ownership is less beneficial to
farmers over the 25 years
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more than the income from system ownership. Therefore,
land leasing is a more beneficial proposition for farmers
to earn additional income without much effort.

TP-DDL can benefit from solarising the agriculture

load, as it would help reduce the subsidised sales of the
discom. Given the similar tariff design for the agriculture
in Delhi, insights from the study could be applied for the
national or state-level schemes.

The discom-owned/third-party-owned business
models are easier to scale. However, they yield
marginally higher (INR 0.30-0.70 per kWh) solar
tariffs relative to the farmer-owned systems.

The discom receives net benefits across all the
business models. However, the realised benefits

are highest in case of farmer-owned systems (INR
0.42—0.91 per kWh). Third-party owned systems give
lower benefits (INR 0.30—0.78 per kWh) while INR
0.11-0.59 per kWh is the range of net benefits to the
discom in case they own the systems.

Solar agriculture micro-grids reduce the cost of
electricity supply for the discom. The reduction
varies across different business models and is
highest in case of farmer-owned systems (INR 1.16—
2.3 per kWh) followed by third-party-owned systems
(INR 0.88-2.03 per kWh) and discom-owned systems
(0.45-1.6 per KWh).

Although farmer-owned systems save on land

lease component, resulting in lowest solar tariffs,
several market challenges exist—higher upfront
cost, lack of access to low- cost capital, and lack of
understanding about the nitty-gritties of the project
management, operation, and maintenance. These
challenges could prevent the farmer-owned systems
from scaling up.

Third-party owned or discom-owned models need
to be promoted for successful roll out of solarisation
programmes since farmers face multiple challenges
such as higher upfront cost, lack of access to
low-cost capital, and lack of know-how of the
technology and approval processes.

Moreover, farmers earn lesser revenue (INR 9.6 lakh)
in farmer-owned system compared to land leasing
(INR 56 lakh) over the lifetime. Agriculture cum Solar
Farm Scheme in Delhi offers substantial annual
income of INR 1 lakh, escalating at 6 per cent a yeatr,
through land lease, and farmers can continue with
their farming activities due to elevated structure of
the solar plant.

We recommend to the Government of Delhi and TP-
DDL to promote third-party/discom-owned business
models for solarisation of agriculture load in north
Delhi. The additional impact on the state budget

is estimated to be INR 12.6 lakh per MW of feeder
solarisation3

It is also observed that shifting of agriculture load
during daytime results in avoiding expensive power
purchases as the load demand is met locally by the
low-cost solar generation. The discom also realises
reduction in cost of supply for over 25 years by INR
1.15 per kWh compared to round-the-clock supply to
the agriculture. Similarly, net benefits realised to the
discom would be INR 0.48 per kWh when the load is
met by the solar generation during daytime.

The discom incurs a revenue loss of INR 1.56

per kWh when the developer sells power to the
government entities through virtual net metering
under Agriculture cum Solar Farm Scheme. TP-DDL
should propose suitable compensatory charges to
the regulator to avoid this recurring revenue loss.

13 Calculated based on the additional tariff the discom would pay if it goes for third-party owned model as against discom-owned and farmer-
owned models. We use annual generation per MW and compute marginal increase in cost of solar power.
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Annexure B
Assumptions for cost-benefit analysis!*

Fixed capacity cost
Variable power purchase
REC purchase cost
Transmission losses

Distribution losses

System coincidence factor

Working formula: Avoided power purchase cost (APPC)

APPC — Z Solar Energy
L1 -TL%)(1 — DL%)

Description:

Solar energy (kWh): Actual electricity produced by the solar plant.

2 (for discom and third-party-owned models)
1.5% of capital cost

3

99,996 with 6% escalation p.a.

7862.47 INR/kW
2.61 INR/kWh
112 INR/kWh
2.57 %

8 %

14.86 %

X VariablePowerPurchaseCost

Variable power purchase cost (INR/kWh): Variable component of the power purchase cost of the discom as set by the

regulatory commission
TL%: Transmission loss per cent

DL%: Distribution loss per cent

Working formula: Avoided generation capacity cost (AGCC)

Solar plant capacity

AGCC = Z —————— X SystemCoincidenceFactor X DegradationFactor x CapcityCost

(1 —TL%)

Description:

Solar plant capacity (kW): Rated installed capacity of the solar plant.

System coincidence factor (dimensionless): Fraction of the solar plant capacity that supports the system at its peak. It is the

ratio of the plant capacity(kW) at the discom'’s peak supply hour to its rated output (kW).

Degradation factor (dimensionless): Factor to account for the decrease in the plant capacity's performance over the years

Capacity cost (INR/kW): Fixed cost of additional contracted capacity as decided by the regulatory commission

TL%: Transmission loss per cent

Working formula: Avoided REC cost (ARECC)

ARECC = Z SolarEnergy x RECCost

Description:

Solar energy (kWh): Actual electricity produced by the solar plant

REC cost (INR/kWh): The cost to purchase REC

14 Kuldeep, Neeraj, Kumaresh Ramesh, Akanksha Tyagi, and Selna Saji. 2019. Valuing Grid-connected Rooftop Solar: A Framework to Assess Cost
and Benefits of Rooftop Solar to Discoms. New Delhi: Council on Energy, Environment and Water.

13



The authors

Selna Saji

saji.selna@gmail.com | W @SajiSelna

Selna Saji was earlier at CEEW developing innovative business models and tools to facilitate the adoption of
rooftop solar in India. She holds a dual postgraduate degree in management and engineering of environment
and energy from Queen's University Belfast and Universidad Politécnica de Madrid.

Gandhar G. Ukidve
gandhar.ukidve@ceew.in | W @gandhar_ukidve

Gandhar G. Ukidve is a Research Analyst currently supporting The Council's work on distributed energy
resources and utility-scale wind. He holds a master's degree in renewable energy engineering and management
from TERI SAS, New Delhi, and an undergraduate degree in electrical engineering from Pune University.

Neeraj Kuldeep

neeraj.kuldeep@ceew.in | W @neerajkuldeepp

Neeraj is co-leading the Renewables team at The Council to accelerate the rooftop solar deployment in India.
He has worked and published extensively on renewable energy markets. Neeraj is an [IT-Bombay alumnus,
having graduated with a bachelor's in energy science engineering, and also holds an MTech in energy systems.

Copyright © 2021 Council on Energy, Environment and Water (CEEW).

Open access. Some rights reserved. This work is licenced under the Creative Commons Attribution Non-commercial
@ @@@ 4.0. International (CC BY-NC 4.0) licence. To view the full licence, visit: www.creativecommons.org licences/by-nc/4.0/
BY NC SA

Disclaimer:

Suggested citation:

Peer reviewers:

Organisations:

legal code.

The views expressed in this study are those of the authors and do not necessarily reflect the views and policies of the
Council on Energy, Environment and Water.

The views/analysis expressed in this study do not necessarily reflect the views of Shakti Sustainable Energy
Foundation. The Foundation also does not guarantee the accuracy of any data included in this publication nor does it
accept any responsibility for the consequences of its use. For private circulation only.

The views/analysis expressed in this report do not necessarily reflect the views of Shakti Sustainable Energy
Foundation. The Foundation also does not guarantee the accuracy of any data included in this publication nor does it
accept any responsibility for the consequences of its use. For private circulation only.

Saji, Selna, Gandhar G. Ukidve, and Neeraj Kuldeep. 2021. Feasibility Assessment of Agriculture Solar Microgrids: A Case
Study of TP-DDL Discom in North Delhi. New Delhi: Council on Energy, Environment and Water.

Saptak Ghosh, Centre for Study of Science, Technology & Policy; Simran Grover, Bask Research Foundation; Dr Sachin
Gupta, Sardar Patel Renewable Energy Researcinstitute; and Anas Rahman, Programme Associate, CEEW

The Council on Energy, Environment and Water (CEEW) is one of Asia's leading not-for-profit policy research
institutions. The Council uses data, integrated analysis, and strategic outreach to explain — and change - the use,
reuse, and misuse of resources. It prides itself on the independence of its high-quality research, develops partnerships
with public and private institutions, and engages with the wider public. In 2021, CEEW once again featured extensively
across ten categories in the 2020 Global Go To Think Tank Index Report. The Council has also been consistently ranked
among the world's top climate change think tanks. CEEW is certified as a Great Place To Work®. Follow us on Twitter @
CEEWIndia for the latest updates.

Shakti Sustainable Energy Foundation seeks to facilitate India's transition to a sustainable energy future by aiding
the design and implementation of policies in the following areas: clean power, energy efficiency, sustainable urban
transport, climate change mitigation and clean energy finance.

Council on Energy, Environment And Water (CEEW)

Sanskrit Bhawan, A-10, Aruna Asaf Ali Marg Qutab Institutional Area New Delhi 110 067, India
T: +91 11 4073 3300

info@ceew.in | ceew.in | ¥ @CEEWIndia | @) ceewIndia


https://twitter.com/sajiselna?lang=en
https://twitter.com/CEEWIndia?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
https://www.instagram.com/ceewindia/?hl=en
https://twitter.com/neerajkuldeepp?lang=en
https://twitter.com/gandhar_ukidve
http://www.creativecommons.org
https://www.ceew.in/

