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Abstract: Solar parks are well-defined areas developed in the high solar potential area, with the
required infrastructure to minimize the potential threat for the developers. Land occupancy is a major
concern for the solar park. The government policy mostly emphasizes the use of waste-degraded
land for solar parks. In a competitive energy market, any attempt to use waste-degraded land
parcels, without policy regulatory support, can bring large-scale disruptions in the quality and cost
of power. The present study investigates the potential of using waste degraded land, with a focus on
the impact on the cost of generation and decision making. The study investigates the possibility of
including the cost of the externalities in the overall cost economics, through policy and regulatory
interventions. Data related to India has been considered in the present analysis. Results show that
there are less socio-economic and ecological impacts in using wastelands, compared to land, in
urban-semi urban areas with an opportunity cost. Thus, the policy and regulatory interventions
could promote wasteland utilization and lure favorable decision-making on investments.

Keywords: solar park; land utilization; land transformation; waste-degraded land; cost of the
externalities; socio-economic and ecological impacts

1. Introduction

A solar park is a fast and effective method to integrate clean energy, as a substitute
for fossil fuel, into the grid. The type of land, business model, land acquiring method, and
proximity to grid infrastructure are key factors that dictate the unit cost of power generation
in ground-mounted solar plants. Ground-mounted solar plants need a large amount of
land area, with the possibility of socio-economic and ecological impacts, depending on
the location of the plant. Land occupancy for long periods, as well as land transformation
from its original nature, are key factors that contribute to these environmental impacts. The
impact of such externalities is complex to account for, considering the uncertainty, plurality,
and lack of a single monetary measure standard.

India is a geographically diverse country, with a vast amount of waste degraded land
parcels, spread in different agroeconomic regions. Though large patches of these waste
lands have good solar irradiation, their use for solar projects can have additional capital,
i.e., operation expenses to overcome challenges posed by land terrain and infrastructural
facilities for power evacuation. As one of the largest GHG emitters, India is committed
to achieve 175 GW of renewable energy, of which, 100 GW will be solar power [1]. In
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a competitive energy market, the use of such land parcels can have disruptions in energy
mix on volume and price, derailing commitments on global warming.

The development of large-scale solar parks is a fast mechanism to promote ecologically
sustainable energy to meet the commitments on climate change initiatives [2] The relation
between solar energy and economic development can be understood, in terms of energy
security and the accessibility to electricity. As per [3] with annual per capita electricity
consumption of 2000 kWh, approximately 3400 TWh per annum would be the energy
required for the country by 2070, for which, approximately 38,313 sq. km of land will
be required for integrating energy sources. The falling prices of solar PV components,
favorable policies, and magnitude of projects have made solar feed-in-tariffs (FiT’s) as low
as INR 2.44/kWh [4]. Similarly, the FiT’s for wind power has fallen to INR 2.44/kWh
in February 2018 [5]. The cost of the land and its development cost put together will be
approximately 40–50% of the total project cost in ultra-mega solar power projects. A one-
megawatt (MW) ground-mounted solar PV power plant requires approximately 5 acres of
land [6]. According to studies by [1], to fulfill the renewable energy targets kept by India
in 2022, approximately 100,000 sq. km land will be required, and with unfocused imple-
mentation strategy, there can be a loss of cultivable land with socio-environmental impacts.
In Europe, the legislative frameworks allow subsidies and incentives for promoting solar
energy. However, the support from these initiatives is not provided to projects that are
located in agricultural land. This has stopped land grabbing and selling/renting cultivable
land for mere revenue [7]. In India, the use of hot–cold deserts, canal bunds, floating water
bodies, and highway sides, etc., for large solar parks, are promoted, while there are no
mandatory clauses to use them. There are no existing subsidies or incentives for use of the
same, while the use of such land can be mandated on government initiated projects [8].
The solar power plant developer (SPPD) can choose the land, if there are no ambiguities on
the land title, while the park should have transmission facilities, internal roads, irradiation,
and access. This automatically drives the selection of land to peri-urban and village areas,
rather than using waste degrade land banks.

Acquiring big land banks for solar projects is tough, which requires displacement
of men and resources, often affecting the livelihood activities of the village. Researchers
identified that land occupancy for large solar parks could affect food security, in terms of
changes in land-use patterns, loss of natural vegetation, loss of topsoil, and displacement
of manpower [9]. Crowdfunding in mega projects shall meet initiatives to tackle climate
change, identifying the need of the farmers and incorporating them at the design level [10].
Large land cover, due to solar parks, can affect the properties of photosynthesis, due to
lack of reach of sunlight, and could affect the carbon sequestration properties of soil for
decades [6]. There is an average temperature rise between 3◦ C below the solar panels in
temperate climatic conditions [9]. High temperatures will affect the efficiency of the PV,
since the internal resistance is increased beyond the capacity of the material in cells [11].
Hence, the location of the plant and the suitable cell technology are important. According
to [12], land utilization vegetation mix and occupation should go hand-in-hand. In the stud-
ies conducted by [13], the groundwater retention is dependent on the type of vegetation and
activities that are done on top soil. The geographically fragile environments, intense human
activities and climatic variation has influenced the precipitation–evaporation mechanism
affecting regional water balances and distribution, leading to water retention and reduction
in runoffs [14]. Geographical islands have a challenging environment to test renewable
energy integration strategies, as well as cutting-edge technologies, due to the alternation
between actual grid-connected and island modes [15].

The restoration of the landscape and vegetation after mega projects will help retain the
local population [16]. The top-down and bottom-up approaches to development should
consider the justification of land utilization in developmental objectives [17]. Considering
the risks involved in mega projects, its wise to invest social capital in eco-environmental
projects for ecological improvement [18]. The c-Si and thin-film (TF) PV-based systems have
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a harmonized median of GHG emissions around the lifecycle around 50 g CO2 eq/kWh,
thus further environmental damage during operation should be avoided [19].

The lack of land utilization policy poorly maintained land records, land price ceiling
limits, technological impacts, and use of fertile/waste land pattern has delayed many of
the solar park projects [4]. Lease of revenue land, lease, and/or purchase of private land
are mechanisms to acquire land for renewable energy projects. The biggest challenge in
private land lease/purchase is the conversion of fertile land with adverse impacts, due
to land occupancy and transformation. While the advantage of using private land is near
urban infrastructure facilities, the advantage of using revenue land is low rental costs and
utilization of waste-degraded land parcels [20]. Acquiring revenue land for solar projects
need approval from various departments; hence, it will be idle to use waste land parcels to
minimize the land acquisition hurdles and their impacts [21]. Even though large patches of
land in India are classified as waste or degraded land, due to waterlogging, steep slopes,
or sandy desert, they could still be used for potential applications, including renewable
energy integration, if carefully selected [22]. At least 58% of the total land of India can be
considered solar energy-rich, with a solar energy potential of more than 5 kWh/m2/day.

The policy and regulatory guidelines mandate the use of land with good irradiation
levels at a clearance ratio of 5 acres/MW, with a priority of waste/non-agricultural land (in-
cluding hot/cold deserts) to be considered for ground-mounted solar energy projects [20].
However, developers prefer land that is fertile near the urban areas, in order to avoid the
cost on excessive networks for transmission lines [21]. Apart from the socio-economic feasi-
bility study, the solar park requires intensive civil infrstructure, which includes drainage,
road networks, land conditioning, and power evacuation infrastructure [23].

The factors that have a direct influence on solar PV power generation cost are national
policies in line with global commitments to meet climate change, maturity of technology,
foreign policies on trade, and the global economy. The type of land, its topography, land
acquiring method, the proximity of the land to the grid, infrastructure requirements, solar
irradiation level, finance mechanism, and business model are decisive parameters classified
under indirect factors [24]. Feed-in-tariff (FiT), feed-in-premium (FiP), and auction are
pricing mechanisms used for implementing renewable energy systems as power sources.
While FiT and FiP are tariff-based mechanisms, set by price-driven policy instruments, the
auction mechanism seeks the best possible price from developers, through a competitive
bidding process. India has shifted from feed-in-tariffs to auction mechanisms, as is the case
with many nations from the time the prices for solar and wind energy integration have
become comparable with fossil fuel integration [20,25].

Accelerated depreciation (AD), generation-based incentives (GBI), and viability gap
funding (VGF) were mechanisms used for promoting the large-scale dissemination of
solar-based power generation. Renewable purchase obligation (RPO) and renewable
energy certificates (REC) were extended for industries for committing to buying/pooling
renewable energy power. The renewable energy industry in India is privately led and
capital-intensive. The major challenges in investment in renewable energy integration in
India are identified as large, geographical divergence, concerning the level of available
irradiance, differences in state/federal and central government policies, absence of long
term debt financing sources with low-interest rates, anticipated technological leaps in
renewable energy, renegotiation of signed power purchase agreements (PPA’s), and the
credibility of the utility sector and clear land titles [25].

The literature survey concludes the following findings and limitations.

(i) India has abundant, solar energy-rich wastelands, categorized under different classifi-
cations in different states.

(ii) The solar park can address many externalities of fossil-based power plants, while there
are adverse impacts on society, economy, and ecology, due to land utilization, land
transformation, and lifecycle carbon footprints, which remain as negative externalities,
not accounted for in the cost economics.
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(iii) Measures to integrate solar energy were heavily incentivized, with solar power reach-
ing par with fossil-based power generation. Any deviation in incentives/policy
measures could bring disruptions, concerning quality and reliability.

(iv) While increasing the renewable energy mix in the grid is one key measure to meet
global warming, the efficient use of renewable energy hotspots, technology updates
with increasing capacity utilization factor, and optimized renewable energy mix in
grid remain unanswered.

(v) The policy emphasizes the use of waste-degraded land for solar parks. However, there
is no mechanism to measure its use, and there are no incentives to promote the use
of wastelands. In a competitive energy market, any attempt to use waste–degraded
land parcels, without proper policy interventions, can bring large-scale disruptions in
quality and cost of power.

The objective of the current study is to assess the impact on cost economics of solar
parks by using different waste degraded land parcels. The study also analyzes policy inter-
ventions that can promote the use of wastelands, accounting for the additional expenses in
the solar park cost economics.

In Section 2 of the paper, four land parcels, in different land terrains and classified
under different wasteland categories, are selected from multiple agro-climatic zones. In
Section 3, factors influencing the cost of solar PV-based power generation are discussed,
and a sensitivity analysis is done to understand the influence of land characteristics on the
unit cost of power generation. Section 4 discusses the factors that influence the decision-
making process for investment in grid-integrated, ground-mounted solar energy projects.
The last section of the paper discusses the required policy interventions for promoting
waste-degraded land for solar parks and options to internalize the additional cost.

2. Selection of Waste Land Parcels for Analysis of the Impact on Power Generation
Cost with Land Characteristics

The land cover and annual average global insolation maps of India are shown in
Figures 1 and 2, respectively. The land cover map shows that there is unutilized, non-
agricultural land, spread over different states and classified as barren, fallow, waste, and
shrub. Comparing Figures 1 and 2, it is found that the western plains and the Deccan
plateau have good irradiation levels, under different wasteland classifications. According to
the agroclimatic zone (ACZ) classification, the solar energy-rich states of Gujarat, Rajasthan,
Madhya Pradesh, and Karnataka fall in the Gujarat Plains, western dry region, western
plateau, and west coast, respectively [26–28]. Table 1 indicates the waste-degraded land
classifications for these states, as well as waste land with good solar energy potential.
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Table 1. Wasteland classification and solar energy potential for solar rich states of India. Adapted
from [26–29].

State Total Gross
Area (Km2) Type of Waste and Degraded Land Approximate Total

Waste Land (‘000 ha)
Waste Land with Solar

Hot Spots (‘000 ha)

Gujarat 196,024 Exclusively water erosion, Saline and
Water logged 3129 2595

Karnataka 191,791 Exclusively water erosion, sodic and eroded sodic 8093 788

Madhya
Pradesh 308,641 Exclusively water erosion and acid soils 14,095 1351

Rajasthan 342,239 Exclusively water ersosion, Exclusively
wind erosion 20,424 2295

Selection of Locations

For analysis, four locations with good irradiation levels and different wasteland
classifications are selected from the states of Karnataka, Madhya Pradesh, Gujarat, and
Rajasthan. Table 2 provides details of the four locations, with respect to agroclimatic region,
wasteland classification, land acquiring method, soil type, and climatic conditions.

The state of Karnataka has good solar energy potential in the central and southeastern
regions, compared to the southern and northern regions. The state has large patches of
wasteland, classified under dense scrub, opens scrub, underutilized degraded forest (scrub
domain), and underutilized degraded forest (agriculture). Based on the solar energy poten-
tial and waste land pattern, Location 1 is selected in wasteland classification ‘underutilized
degraded forest (agriculture)’ in flat terrain [30]. The northern regions of Madhya Pradesh,
especially the Shivpuri plateau and Lashkar plain have good solar energy potential. The
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state has large waste lands classified as underutilized degraded forest (scrub region), land
with forest scrub, and land with open scrub. Based on the solar energy potential and waste
land classification, Location 2 is selected with wasteland classification ‘open scrub’ in steep
slope [28] The state of Gujarat has good solar energy potential in most of its land area, with
the maximum centered on the plains and hills of the western region. The waste lands are
classified under dense scrub, open scrub, underutilized degraded forest, and land affected
by salinity. Comparing the solar energy potential and waste land pattern, Location 3 is
selected in the coastal region, with high–low tide region with wasteland, classified as ‘saline
soil and waterlogging’ [31].

Table 2. Geographical, climatic, and topographical details of four locations were selected for the study.

Governing Parameters Location 1 Location 2 Location 3 Location 4

Agro climatic
region (ACR) Western coast plains Western plateau and hills Gujarat Plains Western dry region

State Karnataka Madhya Pradesh Gujarat Rajasthan

Area Central/northern
dry region

Madhya Bharat
Plateau, Bundelkhand Coastal Western plain

Sub-region (ACR) Hot arid Hot, moist semi-arid Hot hyper-arid Hot hyper-arid

Waste land classification Underutilized
degraded (agriculture) Barren rocky/steep slope Saline soil/waterlogged Sand semi stab

(15 to 40 m)

Soil type Deep loamy alluvial Deep loamy clayey,
black–red mix Deep loamy, saline Deep loamy desert soil

Annual rainfall (mm) 613 1042.5 799.6 mm 217 mm

Average (max–min)
temperatures (Deg C) 40–18 42 to 21 41–28.4 42–02

Land classification Agricultural Waste-degraded Waste—Degraded Waste- Degraded

Type of soil Deep loamy, alluvial Deep loamy clayey mix of
red and black

Deep loamy saline
and alkali Deep loamy desert sand

Land topography Flat terrain Rolling patches with
steep slope

Absolute level
terrain, Waterlogged Sand dunes, light slope

Land acquiring model Private land, converted Government allotted Government allotted Government allotted

Distance from urban area Within 5 kms Greater than 15 kms Greater than 25 kms Greater than 25 kms

Source: [28,29]. Copyright 2022 Elsevier.

The state of Rajasthan has good solar energy potential, with solar irradiation levels
varying from 5 kWh/m2 to 7 kWh/m2 in the northeastern hills to the plains. The waste
lands in the state are largely classified as sands semi-stab region, with heights of 15–40 m.
Considering the solar irradiation levels and waste lands, Location 4 was selected, with
wasteland classification ‘sands semi-stab region’ [32].

The four locations were selected such that a comparison can be made between the most
favorable locations, with respect to the most challenging. For the study purpose, Location
1 is considered a flat terrain, with deep loamy alluvial soil with wasteland classification
‘underutilized—degraded agriculture and categorized ‘agricultural land’ Location 2 is
a steep slope, with a deep loamy clayey mix of red and black soil and wasteland, classified
as ‘underutilized-degraded forest scrub’ and categorized as ‘waste-degraded’.

Location 3 is waterlogged with high tide-low tide phenomenon, with waste land
classified as ‘saline soil’ and categorized as ‘waste-degraded’. Location 4 is a sandy desert
with deep loamy desert soil and wasteland, classified as ‘sand semi stab (15 to 40 m) and
categorized as ‘waste-degraded’. The diagrammatic representation of the four locations is
explained in Figure 3.
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Figure 4. Direct, variable, and hidden parameters affect the power generation cost in solar PV-based
power generation.

While the fixed parameters are based on a broader national interest and commitment
to climate change, the variable parameters are site-specific and will depend on the business
model [24,25]. The hidden cost, Figure 4, is due to the impact of externalities on land
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occupancy and transformation concerning society, economy, ecology, and microclimate,
which is not considered in the cost economics of solar parks. For the analysis, it is considered
that the national policies, regulatory mechanisms, trade policies, and world economics will
have an equal impact on all four locations.

Analysis on the effect of land pattern on the power generation cost, with respect
to changes to fixed, variable, and hidden cost, are analysed. Table 3 shows the colour
coding to interpret the magnitude of impacts, while Table 4 gives the policy and regulatory
support for each site with respect to subsidies and benefits of tax. Table 5 gives the civil
and infrastructural impacts, while Table 6 gives the impact on the operation and maintance
cost. Table 7 gives the impact on th socio-economics of the local population with respect to
the solar farm.

Table 3. Matrix on effect on power generation cost concerning the type of land and accounting for
the fixed, variable, and hidden costs.

Magnitude of Impacts Code
Severe adverse impacts

Noticeable adverse impacts
Neutral

Slightly beneficial
Significantly beneficial

Table 4. Policy and regulatorary support for the locations considered for the study.

Policy and Regulatory Support Location 1 Location 2 Location 3 Location 4
Subsidies from government Favourable Favourable Favourable Favourable

Finance and tax support Favourable Favourable Favourable Favourable
Political and social acceptance Favourable Favourable Favourable Favourable
Carbon reduction determinant Favourable Favourable Favourable Favourable

Renewable obligation Favourable Favourable Favourable Favourable

Table 5. Impact on the civil and electrical infrastructure stratergy with respect to different site locations.

Governing
Parameters Location 1 Location 2 Location 3 Location 4

Levelling of land
Plain land. Do

not need
excavation.

Use the natural slope
of the land to orient
the panels to extract

maximum
solar energy.

Land leveling is ruled
out since the area is
waterlogged due to

high–low tide
phenomena

Land leveling does
not require. Design

the height of the
structures to

incorporate the
maximum height of

the dunes.

Drainage
facilities Natural drainage

Incorporate natural
slope in the design to

avoid erosion.

The tidal drainage
should not be disturbed.
Incorporate the design

layout accordingly.

Rainfall is very
scarce. Immediate

maintenance of solar
panels soon after

the rains.

Development of
internal roads Natural terrain

Conventional road
designs will not be

possible. Use monkey
climbs instead, with
wire rope support.

Conventional road
designs cannot be used.

Use waterways with
high–low tide
water levels.

Access to solar
panels should be
through desert

drives/camel tracks

Boundary walls Brick and mortar,
wire rope fencing

Conventional
boundary wall designs

should be avoided.
Use wire rope

fencing instead.

Conventional boundary
wall designs are ruled

out. Use wire rope
fencing designs instead,
with the movement of
canoes in waterways.

Conventional
boundary

walls/wire rope
fencing. Flag the
boundaries with

high poles.
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Table 5. Cont.

Governing
Parameters Location 1 Location 2 Location 3 Location 4

Power
evacuation

Infrastructure

Close to
Urban area

Use benefits of altitude
for aerial routes.

Incorporate wind load
in designs.

Use special foundation
designs, to avoid

damage due to saline
waters. The cables

should necessarily run
over specially

designed conduits.

Special design for
the foundation to
incorporate the

maximum height of
the dunes,

Requirement
of water Borewells

Borewells require
deeper exploration.
Use the benefit of

high-altitude storage
to avoid the cost

of pumping.

A seawater desalination
plant should be

incorporated with
technology that will take

care of brine rejection.

Design the plant
with non-use of

water through the
operational life

Requirement
of manpower Locally available

Manpower should be
locally stationed at the
foothills of the slope.

Manpower should be
locally stationed

Manpower should
be locally stationed
in special shelters

Table 6. Impact on the operation and maintenance stratergy of the plant with respect to different
site locaitons.

Governing
Parameters Location 1 Location 2 Location 3 Location 4

Type of dirt
on panels

Fine dust
(Industrial) from

urban areas.

Loose sand from the
hills throughout the
year, depending on

wind direction.

Dust will be very less.
However fine salt

particles will be formed,
due to the saline

atmosphere.

Heavy accumulation
of fine sand, after

each wind/breeze.

Cleaning
of panel

Water/pneumatics.
Conventional de-

sign.

Water/pneumatics
special design. The
slope can drain the

dust to the bottom of
the panels, naturally.

Special design using
water from the

desalination plant

Pneumatics (very
frequent cleaning).

Inter array
movements

Walking,
2/4-wheeler.
Patch roads.

Steep walkways with
wire ropes.

Canoe in high tide,
walking in low tide.

4 wheels
drives, camels.

Location 1 is considered the baseline wasteland situation, with minimal constraints
and no additional civil–electrical infrastructural cost to the optimal design. Location 2
requires special module mounting structure (MMS) and civil foundations to meet the
characteristics of the steep slope land terrain to withstand wind load and soil erosion.
Location 2 would also require custom-designed wire ropes for monkey climbing, in order
to reach every location of the power plant. Location 3 would require MMS and a foundation
design that can withstand saline waters. Location 3 would require a desalination plant as
a freshwater source and custom-designed canoes for movement between the solar arrays
during the high tides. The PV panels, cable trays, inverters, and balance of materials should
be protected from the saline atmosphere, with proper painting, coatings, conduits, etc.
Location 4 would require MMS and a foundation design that can withstand wind erosion
and desert sand. The solar panels, inverters, and balance of materials should be suitably
enclosed to protect fine sand particles. Location 4 would necessarily require pneumatic
air cleaners for cleaning the panels, as obtaining water will be almost impossible. The
parameters that add to the capital cost in each location is indicated in Table 3.
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Table 7. Benefits and impacts on the socio-economic and ecological factors at different sites due to
solar plant.

Effect Due to Loss
of Topsoil

Loss of Topsoil
Characteristics

Chances are Less
Since the Land
Terrain is Steep

No Loss to
Topsoil

No Loss to
Topsoil

Effect on
local vegetation

Loss of
natural vegetation.

Elevated panels,
Natural vegetation can

grow under
the panels.

No loss
to vegetation.

No loss
to vegetation.

Effect on the flow
of water channels

The flow of water in
existing water decreases.

New water channels
are formed.

Design can avoid
water channels. New

water channels are
formed/intensity of

flow in existing water
channels, increase.

Design can include
tidal channels.

Rainfall is
scarce, no

water channels.

Effect on ground-
water tables

Water retention in the
ground is affected.
Newer rainwater

channels are formed,
due to the slope

of panels.

Comparatively less
effect, as existing
water channels

are avoided.

No effect since the
site is waterlogged.

No effect since
desert sand.

Effect on carbon
sequestration

efficiency of soil

Can affect CO2
absorption capacity.

High altitude/special
mounting design

reduces the impact.

No effect since the
site is waterlogged.
Can affect natural

evaporation.

No effect, since
desert sand.

Effect on local
Flora and fauna

Can have
adverse impacts.

Can affect surface
natural vegetation.

Water species can
get affected due to

temperature.

Flora and fauna
are not affected.

Displacement
of villages

Village population can
get affected.

Villages are
not displaced.

Villages are
not displaced.

Villages are
not displaced.

Alternate use
of land

(Opportunity cost)

Land could have been
used for other purposes.

The land has no other
purposeful use.

The land has
no other

purposeful use.

The land has
no other

purposeful use.
Effect on local

livelihood
activities

Agriculture and other
livelihood activities can

get affected.
Can affect cattle herds.

Effect on
local fishing,

shrimp farming.

Effect on camel
herd movement.

Creation of
new jobs

Solar PV
park-related jobs.

Solar PV
park-related jobs.

Solar PV
park-related jobs.

Solar PV
park-related jobs.

While considering the operation maintenance of the solar park for different locations, it
is seen that Location 1 will have the optimal cost, since the land is flat terrain, near an urban
area, and the source of water is available at reasonable depths from the bore well. Location 2
will require routine maintenance of wire ropes used for monkey climbing, transport of
workforce from urban areas, and deeper borewells as a water source. Location 3 will require
the routine seaworthy painting of the MMS, inverter box, balance of materials, maintenance
of desalination plant, and canoes. Location 4 will require maintenance of pneumatic air
cleaners, additional manpower to be stationed at the site, and transportation of potable
water for minimal requirements at the site. The analysis concludes that the use of waste
land will incur additional costs through operation maintenance during the life of the plant.

The environmental impact assessment on Location 1 shows chances of village dis-
placements, since the land is close to urban-semi urban infrastructure. The land will have
an opportunity cost, since it could have been used for alternate purposes. Land use and
cover will affect the carbon sequestration efficiency of soil, flora–fauna of the land, and
water retention capacity of the soil. The land used for Location 2 is classified as waste
degraded in a steep slope, hence does not have an alternate use. The impact on water
retention, carbon sequestration efficiency, and flora–fauna can be reduced by incorporating
design changes in module mounting structure. Since the land is in a steep slope and away
from an urban-semi urban area, there will not be any displacement of villages; the only
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impact would be a hindrance to cattle herding. Location 3 is waterlogged, due to high–low
tide and has saline soil. The foundations for module mounting structures will be a one-time
civil work, using the piling process. The impact on flora–fauna, carbon sequestration
efficiency of soil, and damage to water retention property of soil is almost nil. However, the
effect on microorganisms in the water needs to be analyzed. Since the location is far from
urban infrastructure, neither livelihood activities nor villages will be displaced. Location 4
is in the desert sand, away from the urban infrastructure, and does not disturb livelihood
activities. The land does not have any alternate purpose. The adverse impacts on topsoil,
flora–fauna, water retention property, and local vegetation are nil. The only hindrance will
be a movement to camel herds. The impact on socio-economic and ecology for the four
locations shows that the maximum damage, due to land occupancy and transformation,
would occur for Location 1, while Locations 3 and 4 have minimal impacts.

4. Factors Contributing to Investment Decision-Making in Ground-Mounted Solar
PV Projects

The regulatory obligation for carbon reduction to meet global warming has led to
large scale incentives/subsidies to promote solar PV-based power generation. State/federal
and central government policies were framed to promote solar energy, which prompted
national and international developers to invest in solar power generation in India. The
factors that contribute to the power generation cost are generally classified as fixed (direct)
and variable (indirect). The fixed factors are national policies and regulatory mechanisms
to promote clean energy, foreign trade policies, and tax incentives/subsidies. The variable
factors are land characteristics, land procurement strategies, and associated operation
and maintenance hurdles. The technical viability of the project, low-interest rates on
debt/equity, and financial models play a major role in investment decision-making. The
inclusion of waste degraded land for the solar park will increase project risk during
design, operation, and maintenance, with adverse impacts on the decision-making process.
The indicators in the decision-making process for investment in grid-integrated, ground-
mounted solar energy projects are listed in Figure 5.
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5. Discussion and Policy Recommendations

Studies on wasteland distribution and solar energy potential, show that there are
abundant solar-rich wastelands, classified under different categories. Four locations, with
different land topographies, soil characteristics, and agroclimatic zones, were selected to
understand the effect of land characteristics on the power generation cost. The assessment
shows that the intensity of waste-degraded land classification has a direct impact on the
capital and operation expenses, in order to meet the challenges raised by the wasteland. The
largest additional expense will be for a custom-designed module mounting structure and
civil foundation. The environmental impact assessment on the four locations shows that
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Location 1 would have the maximum impact, since the land is located near the urban area,
which was once used for agriculture. The use of such lands for solar parks can have adverse
effects through land occupancy and transformation in the lifecycle of the plant, affecting
the society, economy, and ecology of the region. The environmental impact assessment of
Locations 2, 3, and 4 show that the impacts on society and economy are almost nil, since
there is neither village displacement nor loss of livelihood activities. The lands being steep,
saline (waterlogged), and sandy, respectively, do not have damage on ecology, concerning
plant and animal species. However, specific studies need to be conducted on the effect of
microorganisms in water.

The social, economic, and ecological impacts for Locations 2, 3, and 4 is usually not
accounted for in the cost economics of solar parks; hence, not reflected in solar energy
production cost. These impacts can be quantified, for economic analysis, under the opportu-
nity cost of land, cost due to damage to ecology, and social cost of carbon. The opportunity
cost of land can be defined as the second-best alternative use of the land, if the land was
not used for the solar park. The ecology cost is defined as the loss in economy, per acre
of land, by implementing the new technology put to operation. The social cost of carbon
can be defined as carbon footprint during the lifecycle of the project and loss in carbon
sequestration efficiency. The carbon footprint cost should be the sum of emission of carbon
during the manufacturing of solar panels, its transportation to site, and during the recycling.
The carbon sequestration efficiency should be the soil loss efficiency to capture the carbon
dioxide, due to land utilization by solar panels during the lifecycle of the plant.

The analysis concludes that the use of wasteland for solar parks will have additional
capital and operation expenses, which could be the major reason for solar park developers
to consider good land parcels near urban infrastructure as the location for solar parks.
In an energy-intensive and competitive market, the promotion of wasteland for solar
parks should need policy-regulatory interventions. Considering the socio-economic and
ecological impacts of using agricultural land in urban/semi-urban areas for solar parks,
it is more important to promote waste-degraded land parcels for solar parks. Table 8
discusses the existing policy and regulatory framework for solar parks, as well as the
required interventions that will enhance the use of waste-degraded land for solar parks.

Table 8. Existing policy framework and required interventions to promote wasteland for solar parks.

Decision Components Support
Tools

Existing Policy Framework and
Strategy Adopted

Required Policy
Interventions

Po
lic

y
Fa

ct
or

s

# Government subsidies
# Tax support
# Finance schemes
# Carbon reduction deter-

minant

Fa
vo

ra
bl

e
Po

lic
ie

s

Central and federal systems provide
tax supports/incentives/finance
schemes for the dissemination of

solar energy.
Some incentives (such as benefits of

accelerated depreciation,
feed-in-tariffs, and generation-based

incentives), promoted for
dissemination of solar energy, are

now curtailed.

Subsidies/tax support should
focus to (i) link usage of
waste-degraded land; (ii)
address the difficulty of

operation and maintenance in
the waste land.

Feed-in-tariff can be
reintroduced for projects in

waste-degraded land.

# Carbon reduction deter-
minant

# Renewable obligations

R
eg

ul
at

or
y

Po
lic

ie
s

Carbon reduction determinants were
implemented through renewable

purchase obligations (RPO). Buying
renewable energy certificates (REC) is

an option for industries to meet
the criteria.

The benefits of RPO and REC
should be linked to the

utilization of waste/degraded
land parcels.

Investors/industries who invest
in wasteland-based power

generation should be
more benefitted.
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Table 8. Cont.

Decision Components Support
Tools

Existing Policy Framework and
Strategy Adopted

Required Policy
Interventions

Ec
on

om
ic

fa
ct

or
s

# Project cost
# Completion risk
# Market risk

Bu
si

ne
ss

R
is

k

Investors look for a site that is close to
urban/evacuation infrastructure to

keep production costs minimal.
Some projects do not get completed,

due to hurdles in land/title clearances.
Many states have reached energy

self-sufficient and may not focus on
further integration of solar energy.

Utilities should accept
site-specific power generation

rates.
Provide an easy and fast

mechanism to clear wastelands
for projects at cheaper rates.

Government should consider
solar power generation from

wastelands as a separate entity.

# Profitability of project
# Access to easy finance
# Exit strategy after the ini-

tial investment

Fi
na

nc
ia

lF
ac

to
rs

Solar energy is a mature market in
India, with very few margins

and overnumbered
integrators/contractors.

Debt repayment periods are
short-term in India. Investors bring

foreign direct investment for
debt financing.

Investors look for an early exit, after
the repayment period

The use of wasteland will bring
additional capital and operation
expenses. Site-specific bidding
and special feed-in-tariffs to be

promoted to lure investors.
Site-specific bidding can revive

the market.
Risk remains the same.

Te
ch

ni
ca

lf
ac

to
rs

# Power purchase agree-
ments (PPA)

# Climatic variations
# Natural calamities

O
pe

ra
ti

on
al

R
is

ks

Investors prefer PPA for the lifecycle
period of the plant. There are

instances when PPA is renegotiated
based on the revised rates on

new tenders.
Due to climate change, there are

seasonal changes in all climatic zones.
This can hinder the generation and

cost economics.
Climate change can bring

unpronounced wind/hailstorms,
which can damage the solar plant.

The use of wasteland brings risk
to the project. PPA should

include this risk with better
breakeven and/or higher

feed-in-tariff.
Risk remains the same.
Risk remains the same.

# Newer technologies
Improvements in capacity
utilization factors (CUFs)

Te
ch

no
lo

gi
ca

lM
at

ur
it

y

The PPAs are signed for a period of 25
years. New technologies can have a

better capacity utilization factor
(CUF), which can generate better

power from the same location.

Site-specific bidding should keep
technology-neutral.

Investors should be allowed to
change the system to adapt to

the new CUF efficiency.

The following policy interventions are suggested for disseminating solar energy
through the use of waste-degraded land parcels.

i. Solar park bidding should be site-specific, giving weightage to a selection of sites,
including land topography and the associated civil and infrastructural costs. The
agreed feed-in-tariffs should be in proportionate to the investments made in using
the waste land parcels.

ii. The government should rekindle schemes, such as accelerated depreciation and
generation-based incentives, to promote the use of waste/degraded land for the
solar park.

iii. There should be a mechanism to calculate the hidden cost in the cost economics of
solar parks, including the opportunity cost of land, the social cost of carbon, and
ecology cost. This should be included in the cost economics to be considered as
a developmental expense.
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iv. The developmental expense can be a one-time payment to government machinery
by the park developer. Whenever a wasteland is used, the developmental expense
can be waived off/incentivized.

6. Conclusions

The solar park is a widely promoted mechanism in India, to integrate clean energy
into the grid. In an environment with favorable policies, the location of site, land char-
acteristics, and business model are decisive factors of PV-based power generation costs.
Large amounts of land, under waste-degraded classifications, are available in different
agroclimatic–agroecological regions across India. The reason for land to be classified as
waste-degraded is erosion, soil salinity, underutilization, waterlogging, and desert sand.
Many of the waste-degraded lands are in solar hotspot regions, with site-specific challenges
for construction work. The falling prices of solar panels, market competitiveness, and
energy-intensive industry have helped utilities to buy solar power at a very competitive
price. While the government mandates the use of wasteland for the solar park, multiple
factors have prompted grid-integrated, ground-mounted solar projects to conceive in either
agricultural lands, peri-urban, or near the urban periphery.

The present work has considered the impact of capital-operational expenses, society,
economy, and ecology, if waste-degraded lands are used for solar parks. A wasteland, un-
der the classification ‘underutilized -agriculture land’ with minimal constraints, is selected
as a datum, which is compared with ‘barren rocky steep slope, saline waterlogged and
sandy desert land’. The fixed parameters, related to policies, global agenda, and climate
commitments, were kept constant for the analysis, while the effect, due to land characteris-
tics, operation maintenance schedules, and environmental impacts, were studied in detail.
The decision-making process matrix was made, critical factors on socio-economics and
environmental aspects were discussed, and mitigation measures were suggested. The study
concludes that there will be a remarkable increase in capital and operation expenses, while
using wasteland for the solar park, mainly due to the requirement of custom-designed
module mounting structure and civil foundations, to overcome land terrain challenges.
There will be a substantial cost increase in power evacuation requirements, as well. How-
ever, the study concludes that there are fewer socio-economic and ecological impacts in
using wastelands, compared to land, in an urban-semi urban area, with an opportunity
cost. While considering the factors that contribute to the power generation cost in solar
PV plants, it is identified that the cost towards impacts on society, economy, ecology, and
changes to microclimate are not factored in the cost economics. The study concludes and
recommends policy interventions, including the opportunity cost of land, social cost of
carbon, and ecology cost, which are externality costs on society, economy, and ecology, into
the cost economics.
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