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Understanding economic and ecological benefits by
assessing the trade-off between solar farms and the
grassland ecosystem

Introduction

Grasslands and solar farms
share a common feature:

both involve the absorption

of sunlight (by grasses and
solar panels, respectively),
converting it into chemical and
electrical energy, respectively.
However, these forms of
energy serve distinct purposes.
Grasslands are natural habitats
of perennial & annual grasses,
seasonal herbs and shrubs,
and occasional tree species
providing various ecosystem
services and some studies
have delved into the economic
worth of these services, while
solar farms necessitate large
amounts of investments and
yield economic benefits for the
manufacturing, installation,
and electricity distribution
companies. This article
highlights the economic and
ecological advantages of

grasslands and solar farms.

Ecological Advantages
Grasslands provide a high
ecosystem service value
called regulatory and cultural
services like recreational

value to humans; provisional
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Construction of a solar
manufacturing facility involves
emission of GHG =

Use of hazardous materials in
manufacturing process

Adapted from Tawalbeh et al. (2021). lllustrated by C.K. Arjun.

services like food supply & raw
material; and water supply
services, erosion control,
pollination etc (Liu et al. 2022).

Grasslands are also essential to
the carbon and water cycles.
They hold about 20% of the
world’s soil organic carbon
(SOC) stocks (Dondini et al.
2023). On the other hand, the
manufacture of solar panels
involves processes such as
casting, rolling, purification, foil
extrusion, polymerization etc.,
for which raw materials such
as silicon, aluminium, glass
etc., are required (Nikalaos &
Christopher 2013). Numerous

scientific and policy reports

Vol.39 | No.4

have examined the harmful
impact on the environment.
Producing solar energy causes
damage to the biodiversity,
scenic landscape, water
supplies, natural quiet, and
cultural resources (Nagle
2013).

Economic value of grasslands
and solar farms

According to Liu et al.

(2022), the economic value

of regulating services is, on
average, four times more than
that of provisioning services
or eight times greater than
that of food supply services
for all grassland ecosystems

across the world. They are
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Adapted from Liu et al. (2022). lllustrated by M. Paridhi.

worth USS 2,877 per ha per
year, or 53% of the tropical
grasslands’ overall monetary
value. The annual economic
value per hectare of tropical
grassland together of all
services is USS 5,466 per

ha. On the other hand, a
one-megawatt solar farm
requires approximately 6-8
acres of land and a significant
investment of USS 890,000 to
USS 1.01 million. This would
generate on an average USS
40,000 annually for 6—8 acres
(Coldwell Solar 2023). This
means that approximately US$S
12,300-16,500 revenue can be
generated per hectare per year.

The trade-off

Solar farms can be a great
form of investment, however,
installing solar panels in
grasslands can have direct

and indirect consequences
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on the environment. Clearing
and levelling the land disrupts
natural habitats for plants,
insects, and small animals,
leading to biodiversity loss and
ecosystem disruption. Heavy
machinery compacts the soil,
hindering plant growth and
soil health. Solar panels casting
shadows can reduce grass and
vegetation growth underneath,
affecting photosynthesis
(Gibson 2009; Kunhikannan

& Rao 2013). Changes in the
landscape alter water runoff
patterns, increasing erosion
and sedimentation in nearby
water bodies. Maintenance
practices involving cleaning
agents can harm grass and

vegetation if spilled.

Fauna displacement due to
construction and operation
disrupts local ecosystems
(Turney & Fthenakis 2011). In
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a study by Rawat & Adhikari
(2015), grasslands make
approximately 24% of India’s
total land area. Assuming

if 10% out of the 24% of
grassland area is converted
into a solar farm will pose a
significant risk of irreversible
damage to the ecosystem,
potentially resulting in
detrimental consequences for

both wildlife and humans.

Carbon sequestration by
grasslands: According to Bai
et al. (2022), the achievable
SOC sequestration potential

in global grasslands is

2.3-7.3 billion tons of

carbon dioxide equivalents
per year (CO,_year-1) for
biodiversity restoration, 148
to 699 megatons of CO,_
year-1 for improved grazing
management, and 147
megatons of CO,_year-1 for
sown legumes in pasturelands.
Grasslands cover 26% of the
world land area covering 3.5
billion hectares of land (Ghosh
& Mahanta 2014).

The approximate total
sequestration potential of
global grasslands considering
the above data would be 2.5
to 8.1 billion tons of carbon
equivalents per year. Following

are the calculations:
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Range Carbon
equivalents per 1 megaton CO,_ =
year (In billion ton) 1 million ton
Biodiversity 23t07.3 -
restoration 1 billion ton =
- 1,000 million ton
Grazing 0.148 to 0.699
management 1 ton = 0.907185
Sown 0.147 tonne
legumes
Total 2.595 to 8.146

In 3.5 billion ha of grasslands, the achievable
SOC sequestration potential ranges from

2.5 to 8.1 billion tons of carbon equivalents
annually. This equates to sequestering 0.7-2.3
tons (which is 0.63—2.08 tonnes) of carbon

equivalents per ha each year.

The uncomparable math of carbon in

Grasslands and Solar farms
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/ Impacts of
mounting \‘%ﬁ

\  solar panels on / R
N grasslands (

Carbon emissions by solar panel manufacturing:
According to Stoppato (2008), the

manufacturing of one panel ejects into the

atmosphere the equivalent of 80 kg of CO, and
one panel has a capacity of 250 W (A 250 W
panel has the capacity to produce 1kWh power
every day). The size of commercial 250 W solar
panels is 2.31 sq.m. (Sykes 2024). Following are
the calculations to derive the carbon emissions
during the manufacturing stage.

1 hectare = 10,000 m?

A size of solar panel is 2.31 m?
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— 10,000 m?/2.31 m? = 4,329.004 panels
Considering that some space is required in
between solar panels we are approximately
estimating 4,000 panels are required in one
hectare of land.

And 80 kg of CO, is released into the
atmosphere by the manufacture of one panel
—4,000*80 kg = 320,000 kg

320,000 kg = 320 tonnes of carbon emissions

Hence to set up 1 ha of land with solar panel
320 tonnes of CO, will be emitted just during
the manufacturing process. Solar panels on
grasslands will emit 0.63-2.08 tonnes of
carbon equivalents per ha each year adding the
carbon that would have been sequestered by
undisturbed grasslands.

So where can we potentially place solar panels

to ensure grasslands are conserved?

A fitting place for solar panels

Choosing the location for the installation of
solar panels is a hypersensitive task. For a
country like India, which is rich in biodiversity,
it becomes more crucial. We have to consider
the species diversity of the area and make sure
that none of the species are affected as we
know that the alarming situation of the climate
crisis is increasing and the chance of species
extinction is very high for the coming decades,
which is around 33% by 2050 (Thomas et al.
2004). Even though solar energy is much lower
in carbon emission compared to other energy
sources such as fossil fuel and coal (Arcos et al.
2019), the incorrect placement of the panels
can be highly detrimental as it takes a huge
amount of landmass to set up and construct
the solar panels. It takes away the habitat of

many species, mostly grasslands becoming
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Alternate spaces for instalment of
solar panel

Solar panels can be best installed in
occupied spaces such as parking lots,
roofs, and landfills. This will be utilizing
already disturbed or degraded land to
install photovoltaic systems significantly
lowering the impact on grasslands
thereby actually contributing positively
to mitigating the climate crisis.

Grasslands in focus

Grasslands are a prominent biome on
Earth, covering about 40% of its land
area. They are primarily characterized
by grasses, herbs, some shrubs and
very few trees, but they also host

a variety of animals, fungi, and soil
microbes, contributing significantly to
the biodiversity. Grasses have developed
unique characteristics that enable them
to thrive in challenging environments,
such as extreme climates, specific

soil types, frequent fires, and grazing
pressure, which collectively prevent
the encroachment of woody plants and
maintain the integrity of grasslands.
These ecosystems can be found in nearly
all climate zones, with the exception

of the polar regions, extremely arid
areas, and the highest mountain ranges
(Petermann & Buzhdygan 2021).

the holocaust for all so-called technological
advancements. ldeally, solar panels can be best
installed in occupied spaces such as parking

lots, roofs, and landfills, i.e., utilizing already
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built up or irreversibly degraded lands to install
photovoltaic systems would significantly lower
the impact compared to the utilization of
undisturbed land (Tawalbeh et al. 2021).

Conclusion

Solar farms are indeed alternatives of
energy relative to coal and fossil fuels, but
destroying grasslands and natural vegetation
for construction of solar farms have more
adverse effects than benefits considering the
climate crisis. Grasslands are one of the carbon
sinks, which helps in sequestration of tonnes
of carbon, and destroying the last patches of
grasslands will only contribute to increased
Green House Gasses, temperature rise and

decreased water retention.
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