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ABSTRACT
China is at the forefront of integrating solar PV energy into agriculture as a sustainable and efficient power source. Current trends
demonstrate that solar PV technology added over 10 GW of solar capacity to benefit over 2 million citizens by 2020 for irrigation,
automation, and smart agricultural operations. Farmers gain from this transition by lowering operating costs, increasing
agricultural yields, and encouraging environmental sustainability. Government incentives and programs that promote energy
independence and rural development drive this tendency even further. Solar PV energy is quickly transforming China's agricultural
future, allowing a greener, more resilient, and commercially viable sector and increasing per-capita income by approximately 7 %
to 8 %. By the end of 2018, a total of 15.44 million kW of photovoltaic poverty alleviation had been allocated nationwide to 2.24
million homes. Combining photovoltaic technology with agricultural activities results in increased yield per unit of farmed land,
with values ranging from 20 to 60 % higher, depending on crop variety. However, a few papers provide a detailed summary of
current developments. This review is presented to bridge the gap between recorded literature and technical advances in the field of
solar PV-powered technologies in agriculture. This essay delves deeper into the technological developments and real-world examples
that show how Chinese agriculture might move toward a more sustainable and energy-efficient future. This research illuminates

the existing trends, opportunities, and suggestions for this dramatic transition.
KEYWORDS: P.R. China; Socioeconomic impact; Machinery; Sustainability; Agrivoltaic; Poverty alleviation

1. INTRODUCTION

In an age marked by climate change concerns and rising energy
needs, the incorporation of renewable energy sources into
diverse industries is not just an economic requirement but also
an environmental necessity (Azarpour et al., 2022). Agriculture
is a critical component of food security and economic stability;
from 2013 to 2016, the photovoltaic (PV) poverty alleviation
pilot project increased per-capita disposable income in a county
by around 7 to 8 % (Zhang et al., 2020). China, frequently
regarded as the world's agricultural superpower, confronts a
twofold difficulty in the twenty-first century: maintaining
vigorous agricultural output to fulfil the requirements of a
growing population while reducing the environmental
implications of traditional farming techniques (Manna et al.,
2021). Solar energy appears to be a potential answer for
addressing both of these issues at the same time (Shakeel et al.,
2023). Solar (PV) systems are quickly becoming a part of the
agricultural landscape: at the end of 2018, a total of 15.44
million kW of solar poverty alleviation had been distributed
nationwide, with 2.24 million poor families recorded as
producing both clean power and food (Zhang et al., 2020).

Several variables are driving the usage of solar energy in
Chinese agriculture (Lobaccaro et al., 2019). First and

foremost, solar energy is a sustainable option that matches
China's promises to cut greenhouse gas emissions and battle air
pollution (Razzaq et al., 2023). Furthermore, in rural areas of
the country where many agricultural activities are concentrated,
crop-produced power consumption reached 102.2 billion kWh
and accounted for 1.9 percent of overall energy consumption in
2021, a 3.4 percentage point decline from 2000 (Tang et al.,
2023). Solar-powered farm machinery and irrigation systems
provide a decentralized energy option that has the potential to
increase production in these areas (Razzaq et al., 2023). In
recent years, China's solar energy sector has seen amazing
technological improvements (Lobaccaro et al., 2019). Solar
panels with high efficiency, energy storage technology, and
sophisticated management systems have made solar power a
more realistic and cost-effective option for farmers, with prices
in China ranging from $3,800 to $3,800 per kilowatt (Fagiolari
et al., 2022). Solar trackers can increase the performance of
photovoltaic panels by up to 40 %. Single-axis systems improve
efficiency by 25 % to 30 %, while dual-axis trackers improve
efficiency by 5 % to 10 %, resulting in increased solar energy
output (Kanwal et al., 2023).

China's dedication to renewable energy is reflected in a slew of
laws, incentives, and subsidies geared at encouraging solar
usage in agriculture (Rahman et al., 2022). Farmers have been
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encouraged to engage in solar infrastructure via feed-in tariffs,
tax breaks, and financial incentives for grid-connected solar
installations. These governmental initiatives have aided not just
the growth of the solar sector, but also rural electrification and
economic development (Azarpour et al., 2022). A plethora of
rules, incentives, and subsidies aimed at increasing solar usage
in agriculture indicate China's commitment to renewable
energy (Muhammed & Tekbiyik-Ersoy, 2020). Feed-in tariffs,
tax rebates, and financial incentives for grid-connected solar
systems have encouraged farmers to invest in solar technology
(Guo et al., 2020). These government measures have supported
not just solar industry expansion, but also rural electricity and
economic development.

As China seeks to modernise its agriculture business while
reducing its carbon footprint, solar energy has emerged as a
symbol of optimism and success. This manuscript gives an
outline of the current trends and motivations driving the
integration of solar energy into agricultural mechanisation
systems in China. This paper delves deeper into the

technological developments and real-world examples that show
how Chinese agriculture might move toward a more sustainable
and energy-efficient future. Finally, this article illuminates the
existing trends, possibilities, and suggestions for this dramatic
transition.

2. Methodology- Revision of Published Literature

Applying the “all databases” showed published
manuscripts in the area of solar energy in agriculture. 4,095
manuscripts on solar energy in agriculture have been published
from 2000 to 2020, and 2,544 have been published in the last 5
years. 62 % of the manuscripts were published in the last 5
years. Furthermore, 4,395 manuscripts have been published in
the “Web of Science (WoS) core collection” within the same
period. 2,564 of which have been published in the last 5 years,
making up 58.34 % of all published research on the said topic.
As illustrated in Fig. 1 below, this indicates a sharp incline in
the advancement of the sector and hence growth in solar
technologies.
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Fig. 1 Published manuscripts on solar energy in agriculture in “WoS core collection” (WoS core collection, 2023) and “all
databases” (All databases, 2023). Retrieved on October 4, 2023.

Fig. 2 shows the increment in research on the area of solar
energy in China. 51,313 manuscripts on solar energy in
agriculture have been published in the “WoS core collection”
from the year 2000 to 2020. 32,248 have been published in the
last 5 years making up 62.85 % of the manuscripts published in

the last two decades. Also, applying “all databases” showed that
4,188 manuscripts on solar energy in agriculture have been
published from the year 2000 to 2020. 2,456 have been
published, making up 58.6 % of the manuscripts published in
the last 5 years.
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Fig. 2 Published manuscripts on solar energy in China in “WoS core collection” and “all databases” (WoS core collection
& All databases, 2023). Retrieved on October 4, 2023.

Finally, 262 manuscripts on solar energy in agricultural
mechanization in China have been published in the “WoS core
collection” from year 2000 to 2005. 204 have been published in
the last 5 years making up 78 % of the manuscripts published
in the last two decades. Also, applying “all databases”, the

databases showed 137 manuscripts on solar energy in
agricultural mechanization in China have been published from
the year 2005 to 2020. 98 have been published, making up 71.5
% of the manuscripts published in the last 5 years. Fig. 3
illustrates the increment in research on the area of solar energy
in agricultural mechanization in China.
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Fig. 1 Published manuscripts on solar energy in agricultural mechanization in China in “WoS core collection” and “all
databases” (All databases & WoS core collection, 2023). Retrieved on October 4, 2023.

2.1 Solar energy development in agriculture in the
last two decades
The last two decades have witnessed a spike in interest and
investment in harnessing the power of the sun to change
farming operations and address the agriculture sector's critical
concerns (Azarpour et al., 2022). Solar energy development in
agriculture has emerged as a major accelerator for sustainable
farming, providing creative solutions to boost productivity,
minimize environmental impact, and secure food security in an
era of increasing energy needs and climate change concerns
(Hu, 2023; Kumar et al., 2023). The growth of solar PV energy

in agriculture has considerably revolutionized the industry by
boosting energy efficiency, improving resource management,
and lowering operational costs (Satpathy & Pamuru, 2021).
Energy cost reductions and increased agricultural yields have
boosted farming's economic sustainability. Technology has
grown more dependable, efficient, and cost-effective (Morcilla
& Enano, 2023).

By utilizing better land productivity, the integration of solar PV
systems (as shown in Fig. 4 below) with agriculture production
might be one of the sustainable options. This can eliminate a
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country's expanding land use competition and astounding need
for energy and food. Thus, agricultural solar PV shows that by
sharing the same area and light, electricity and food may be
generated simultaneously. China, France, Japan, the United
States, and South Korea have all enacted new regulations to
boost farm solar PV since 2014. By 2020, almost 2200 farm

solar PV systems with 2.8 GWp capacity will have been
deployed globally (Ghosh, 2023). As a result, agricultural solar
PV  technology contributes to achieving sustainable
development goals by reducing rivalry between land used for
energy and land used for food.
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Fig. 2 Schematic of an agricultural solar PV system with room between panels for farming and equipment to move
between rows (Ghosh, 2023). Reproduced with permission under the terms of Creative Commons CC-BY license.

2.2 Solar photovoltaic (PV) technology in agriculture

PV technology, as a rapidly increasing renewable-
based approach, can provide a promising choice for sustainably
powering agricultural activities. PV technology can meet both
heat and power demands in agriculture, with the latter being
accomplished through the use of photovoltaic-thermal (PVT)
systems (Gorjian et al., 2021). Distributed PV systems are
preferable in protected cultivation systems such as greenhouses
or growth rooms, as well as small-scale remote access farms,
but large-scale centralized PV power plants are more practical
(both technically and economically) in big farms. Multiple
studies have been undertaken to assess the integration of PV
technology with agricultural chores that are broadly classed as
traditional and contemporary (Alami et al., 2022). The
integration of PV technology with electric farm tractors and
agricultural robotics is based on a taxonomy of current tasks,
which is detailed below. PV can power irrigation water pumps,
which is especially useful in distant or off-grid settings. This
provides cost-effective and environmentally beneficial
alternatives to diesel-powered pumps, maintaining a steady
supply of water for crops (Radovanovi¢, 2023; Sayed et al.,
2023).

Solar dryers employ PV technology to efficiently
decrease moisture content in harvested crops, reducing spoiling
and improving yield quality. Solar PV powers an electric fence,
which protects crops and animals from predators and theft.
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These self-sustaining systems are both affordable and
dependable (Suresh et al., 2023). Farmers may make educated
decisions to enhance yields and optimize resource usage. Solar
PV generates power for greenhouse heating, cooling, and
ventilation, extending the growing season and guaranteeing
ideal crop cultivation conditions. Solar-powered refrigeration
devices keep perishable commodities fresh by maintaining the
necessary temperature and humidity conditions, avoiding post-
harvest losses (Benyezza et al., 2023). Solar energy drives
electric tractors and agricultural vehicles, reducing dependency
on fossil fuels and pollutants (Yap et al., 2022). Solar PV
technology can filter water for crops as well as cattle,
guaranteeing a safe and dependable water supply. Farmers may
create additional revenue by selling excess power back to the
grid, decreasing carbon emissions and contributing to
sustainable agriculture by installing solar panels on their farms
(Azarpour et al., 2022).

3. SOLAR PV ENERGY ADVANCEMENT IN
CHINESE AGRICULTURE

PV generation in China currently has a 0 % share (Hu, 2023).
Fortunately, the government has recognized the importance of
PV generation, and some goals have been set in the strategic
planning of Chinese renewable resource utilization from 2006
to 2020. According to CDIC data, the object of renewable
energy development in 2020 includes 0.3 billion kW of large
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water electric power, 30 GW of wind energy, 1.8 GW of solar
PV generating system, 30 GW of biology energy, 0.3 billion m?
of solar water heater, and 15 billion litres of biology fuel.
Renewable energy will account for 25 % of the total energy
supply in 2050, with PV generation accounting for 5 % (Al-
Mamun et al., 2023).

It is commonly known that China possesses a vast number of
solar energy resources (Su et al., 2023). Chinese ancestors
harnessed sun energy to insulate maize, salt, and clothes
thousands of years ago. Until recently, simple applications such
as solar energy streetlamps, solar water pumps, solar heaters,
and solar energy chargers were employed to enhance the lives
of regular people (Hu, 2023). In the last ten years, China's PV
sector has grown dramatically. For example, the production of
Chinese PV in 2007 was more than 1200 MW (Zou et al., 2017),
with a global share of 35 %, ranking first in the world (Kumar

Sahu, 2015). Various real-world applications have been
employed to enhance people's daily lives (Che et al., 2022).
Solar PV was critical in giving contemporary energy access to
isolated populations (Urban et al., 2016). Agrivoltaics appeared
as a technical innovation for solar PV application in the early
2010s (as shown by Fig. 5 below), when multiple factors
merged to propel a spatial restructuring from centralized large-
scale solar power plants in China's desolate west to smaller
scale distributed solar PV models in China's east and south (Hu,
2023). Unlike the much-discussed solar PV poverty alleviation
projects that were directly initiated and promoted by state actors
for poverty alleviation, agrivoltaics has served as an important
strategy to alleviate the accumulation crisis of solar capitalism,
albeit with formidable state power assistance. The combination
of green capitalism and local governments encouraged
agrivoltaic models throughout China (Senthil Kumar et al,,
2020).
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Fig. 3 The increasing trend of distributed solar PV installation capacity in China (Hu, 2023). Reproduced with permission.
License number 5684141496108.

3.1 Modern technologies in solar PV energy utility in
Chinese agriculture

China has been a global pioneer in the adoption and
implementation of contemporary solar energy technology.
Significant progress has been made because of the country's
commitment to clean energy and a quick increase in solar power
capacity (Fazal & Rubaiee, 2023). In China, where the
government has aggressively promoted the use of renewable
energy sources to address energy security and environmental
issues (Morcilla & Enano, 2023), solar PV energy has found
several applications in agriculture. Solar PV technology has
been incorporated into different parts of Chinese agriculture,
providing advantages such as lower energy costs, enhanced
sustainability, and increased agricultural output (Irshad et al.,
2023).

3.1.1  Solar PV energy-powered Greenhouse
Solar PV systems are incorporated into greenhouses in a variety
of ways to reduce energy consumption and offer a more
regulated and productive environment for plant development
(Ndukwu, Augustine, et al., 2023). Solar PV panels put on a
greenhouse's (Fig. 6) roof or surrounding regions can provide
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enough electricity to run the greenhouse's different electrical
systems. Lighting, ventilation fans, temperature control
systems, and irrigation equipment are all included. Climate
control systems powered by solar PV, such as heating, cooling,
and dehumidification, aid in maintaining ideal growth
conditions within the greenhouse (Reza Rouzegar et al., 2023).
These technologies have the potential to be energy-efficient,
reducing the greenhouse's dependency on fossil fuels or grid
electricity (Atalay & Aslan, 2023). Water pumps and irrigation
systems may be powered by solar PV energy, guaranteeing a
steady and efficient water supply for plants. This is especially
crucial in areas where water is scarce or grid energy is unstable
(Duque-Dussan et al., 2023). Solar energy may be utilized to
power high-efficiency LED grow lights, extending daily light
exposure for plants and stimulating development, particularly
in places with low sunshine or during the winter months. Solar
PV systems may be used in conjunction with energy storage
technologies such as batteries to store surplus energy generated
during the day for usage at night or on overcast days (Gitan &
Al-Kayiem, 2023). This offers a dependable power supply for
the greenhouse and allows it to operate off-grid. Solar panels
are installed above crop rows in greenhouses in agrivoltaic
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systems. This method maximizes land utilization by generating
power while also shading plants, minimizing the need for
artificial shading (Singh et al., 2021).

Temperature, humidity, and other environmental parameters
within the greenhouse may be monitored remotely using solar-
powered monitoring and control systems (Philip et al., 2022).
This information may be utilized to make real-time changes and
enhance crop management. Solar-powered greenhouses are
frequently utilized for agricultural research and development.
Crop development under varied conditions may be studied
thanks to the controlled environment and renewable energy
sources. Solar-powered greenhouses provide a sustainable and
cost-effective option for year-round food production in distant
or off-grid agricultural locations (Liu et al., 2010). They can
help with food security and economic growth in these areas.
Solar energy may be used to power hydroponic and aquaponic
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systems in greenhouses, which are used to produce crops
without soil (Jahangir et al., 2022). These systems frequently
need the use of water pumps, aeration, and temperature control,
all of which may be efficiently powered by solar PV. Solar-
powered greenhouses help ecologically friendly and
sustainable farming methods by lowering greenhouse gas
emissions, energy costs, and dependency on fossil fuels
(Zukowski & Woroniak, 2023). Solar PV electricity in
greenhouses may drastically lower operational costs over time,
making agriculture more economically viable for farmers. Solar
PV energy integration in greenhouses provides a sustainable
alternative to agricultural output. It not only minimizes the
carbon footprint of greenhouse operations, but it also provides
a consistent and clean energy supply, adding to agricultural
practices' overall sustainability and resilience (Kellogg &
Reguant, 2021).

Fig. 4 Solar PV energy-powered greenhouse (Going Solar, 2018). Reproduced with permission under the terms of the
Creative Commons CC-BY license.

3.1.2  Solar PV-Powered dryers for agriculture in
China

Solar-powered agricultural dryers use solar energy to remove
moisture from agricultural products such as grains, fruits,
vegetables, and herbs (Satpathy & Pamuru, 2021). These dryers
provide an ecologically responsible and cost-effective method
of preserving and processing agricultural products by lowering
moisture content to a level that avoids spoiling and increases
crop shelf life (Barbosa et al., 2023). Solar collectors, which
gather and concentrate solar energy, are installed on solar dryers
(as shown in Fig. 7 below). These collectors, which can be
constructed of glass, plastic, or metal, are intended to raise the
temperature within the dryer (Nayanita et al., 2022). Within the
solar dryer, agricultural produce is put in a drying chamber or
drying trays. To allow for appropriate air circulation, the drying
chamber is frequently outfitted with perforated trays or shelves.
The drying chamber is circulated by a solar-powered fan or
blower. The heated air drawn in by the solar collectors is
directed into the chamber, where it collects moisture from the
crops before being discharged, sending the moisture away.

Some sun dryers have temperature and humidity control
devices to guarantee that the drying process is effective and that
the crops are not overheated (Ramli & Jabbar, 2022).

Solar tunnel dryers are enclosed with constructions that are long
and have sun collectors on one side and a drying chamber on
the other. Solar cabinet dryers, on the other hand, are smaller,
box-like constructions with a solar collector on top and drying
trays within (Shakeel et al., 2023). They are suited for huge
quantities of produce. They are used for lesser amounts of crops
and are frequently portable. Hybrid Solar Dryers are attached
to greenhouses with transparent roofs and use solar collectors
to dry produce (Reza Rouzegar et al., 2023). They provide
regulated drying settings. Some solar dryers are intended to
function in tandem with other energy sources, such as biomass
or electricity, to enable continuous operation even on overcast
or nighttime days (Adamsab et al., 2019). Solar-powered
agricultural dryers are a long-term solution for small and large-
scale farmers, helping them to better manage their harvests,
decrease food waste, and access markets for dried products.
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Their implementation helps to ensure food security and
sustainable agriculture practices (Gitan & Al-Kayiem, 2023).

Solar PV-powered dryers are rapidly being utilized in China to
dry agricultural products effectively and sustainably at a solar
radiation intensity of 759.53W/m?, the mass flow rate of air was
0.023 kg/s, and the solar dryer's thermal efficiency at 2.59 %.,
lowering post-harvest losses, boosting crop quality, and
minimizing environmental impact (Verma et al., 2023). Dryers
powered by solar PV are utilized for drying grains such as rice,
wheat, corn, and soybeans. This is critical for decreasing
moisture and avoiding spoiling. Solar dryers are used to
preserve the nutritious content of fruits, vegetables, and herbs
while also increasing their shelf life and are used to efficiently
dry herbs and medicinal plants in China, which has a strong
heritage of herbal medicine. In the fish processing sector, solar
PV-powered dryers are used to dry and preserve fish and
seafood products (Fazal & Rubaiee, 2023). The Chinese
government has launched several initiatives and regulations to
promote the use of solar PV-powered dryers, particularly in
rural and agricultural areas. These projects frequently include
financial incentives, subsidies, and assistance with technology
transfer and training. Solar greenhouses are intended to be both
drying facilities and agricultural-producing areas (Hu, 2023).

These buildings are outfitted with solar panels and drying racks,
allowing farmers to make better use of their land. Some solar
dryers in China are hybrid systems that combine solar PV
technology with other energy sources like biomass or biogas to
enable constant operation even during overcast or rainy months.
Solar dryers in China are available in a variety of
configurations, including tunnel dryers, cabinet dryers, and
greenhouse dryers (Suresh et al., 2023). The sort of drier used
is determined by the crops and the climate.

Owing to China's dedication to renewable energy and
sustainable agriculture, solar PV-powered dryers have become
a significant tool for conserving and processing agricultural
goods while decreasing environmental impact and boosting
food security (Wanyama et al., 2023). According to market
projections, the worldwide solar dryer market was valued at
USD 3.5 billion in 2023 and is expected to rise at a compound
annual growth rate (CAGR) of 10.6 % from 2023 to 2031. In
2023, the hybrid type category accounted for 42 % of the
market and is predicted to retain its dominance during the
forecast period. The Asia-Pacific region dominated the market
in 2023, accounting for 38 % of the total, and is predicted to
expand at the quickest pace of 12.4 % from 2023 to 2031 (Saini
et al., 2023).

Electrical element

Solar collector

Solar cell

Batteries

l
ontroller box

Fig. 5 Solar PV-Powered dryer for drying rosemary (Rosmarinus officinalis L.) leaves (Karami et al., 2021). Reproduced
with permission under the terms of the Creative Commons CC-BY license.

3.1.3  Solar PV-Powered Irrigation System
Solar PV-powered irrigation systems have grown in popularity
in China as part of the country's attempts to boost agricultural
output, water resource management, and sustainability. China's
vast agricultural industry, along with the country's dedication to
renewable energy and environmental goals, has produced an
opportune atmosphere for the development of solar PV-
powered irrigation systems (Grant et al., 2022). The Chinese
government has implemented several laws and measures to
encourage the implementation of solar PV-powered irrigation
systems. These include financial incentives, subsidies, and
initiatives to encourage farmers to switch to solar-powered
irrigation water pumps. Such initiatives include the

"Photovoltaic Poverty Alleviation Program" and the "Solar
Greenhouses" program. Irrigation systems powered by solar PV
(as shown in Fig. 8 below) are frequently integrated into
traditional farming methods (Sani Theo, 2023). Solar panels are
used to power water pumps in agricultural areas or along the
margins of irrigation ponds. This integration maximises land
usage since the panels may offer shade for crops or fishponds
(Liang, 2010). A study examined the effects of solar irradiance,
panel temperature, and component efficiency on the
dependability and performance of photovoltaic water pumping
systems (PVWPS) under real-world operating conditions.
Experiments were carried out on a 10 hp PVWPS in Bani
Salamah, Al-Qanater-Giza Governorate, Egypt, between
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December 2020 and June 2021, at latitude 30.3° N, longitude
30.8° E, and 19 m above sea level. The irradiance values at noon
in December, March, and June were 755.7, 792.7, and 805.7
W/m?, respectively. Furthermore, the irradiance has a
significant impact on the pump flow rate, with 129, 164.1, and
181.8 m3/day pumped during the day, respectively. The
temperatures in the panels rose to 35.7 °C, 39.9 °C, and 44 °C,
respectively. When the temperature rises by one degree Celsius,
efficiency decreases by 0.48 %. The average efficiency of
photovoltaic solar panels was highest in March (13.8 %) and
lowest in December (13 %) (Ahmed et al., 2023).

Implementation of solar PV-powered irrigation systems in
China offers multiple advantages, such as a decrease in
dependence on fossil fuels and grid electricity, resulting in
fewer expenses for operation for farmers, higher energy
effectiveness and dependability of water pumps, ensuring
consistent water supply for crops, enhanced water resource
management through remote monitoring and control of
irrigation systems, and reduced environmental impact by
lowering greenhouse gas emissions (Hoppmann et al., 2013;
Sovacool, 2022). Yu et al. (2018) investigated the temporal and
spatial distribution of cassava; discussed the potential and
distribution of solar energy for irrigation; and finally considered
the main factors influencing the feasibility of using a solar
water pumping system to irrigate cassava. Solar water pumping
was found to be suitable for irrigating a theoretical total of
718,500 ha of cassava, with the results currently applicable to a
region of 623,000 ha (Yu et al., 2018). Solar PV irrigation is
especially useful in distant and off-grid agricultural areas where

access to grid electricity is limited. These systems offer farmers
a dependable and sustainable water source, therefore promoting
food security and economic growth. China has undertaken
several large-scale solar irrigation projects, particularly in areas
with strong sun radiation (Ndukwu, Akpan, et al., 2023). These
projects might include large-scale solar panel installations,
efficient water pumping systems, and cutting-edge monitoring
and control technologies. Significant advances in solar PV
technology have been made in China, including the creation of
highly efficient solar panels and high-quality solar water
pumping systems. These technical advancements have
increased solar irrigation systems' overall effectiveness and
dependability. The implementation of solar PV-powered
irrigation coincides with China's aim to lower air pollution and
tackle climate change (Che et al., 2022). These solutions assist
in minimizing agriculture's environmental effects, resulting in
cleaner air and a more sustainable farming industry. While solar
PV-powered irrigation systems have various benefits, problems
in China may include upfront expenditures for small-scale
farmers, system dependability and maintenance in harsh
weather conditions, and guaranteeing sufficient technical
training and support for users (Verma et al., 2023). China's
continued efforts to encourage the use of solar PV-powered
irrigation systems are consistent with the country's overall aims
of transitioning to clean and renewable energy sources,
improving agricultural practices, and lowering the
environmental effect of agriculture. These systems are critical
to the country's agricultural production and water resource
management (Che et al., 2022).

Solar Panel

i

Sun Rays

[ Pump Controller

Ground Level

Submersible Pump

Fig. 6 Irrigation systems powered by solar PV (Sani Theo, 2023). Reproduced with permission under the terms of the
Creative Commons CC-BY license.

3.14 Solar PV-powered Cameras and Sensors in
China

In China, solar PV-powered cameras and sensors (as shown in
Fig. 9 below) are widely employed for a variety of applications

such as surveillance, environmental monitoring, and

agricultural, and smart cities (Gorjian et al., 2020). These
gadgets are outfitted with solar panels and energy storage
technologies, allowing them to function autonomously by
utilising solar energy (Das et al., 2022). Crop growth and health
are monitored using solar-powered cameras and sensors. They
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give real-time data on elements like as temperature, humidity,
soil moisture, and light levels, allowing farmers to make smart
irrigation, fertilisation, and pest management decisions (Das et
al., 2022). Pests and illnesses on crops may be detected using
solar-powered cameras equipped with image recognition
technology. Early diagnosis enables tailored treatments and
lowers the use of pesticides. Solar-powered sensors are used to
collect data on environmental factors such as temperature,
humidity, and wind speed. This data is used to monitor
microclimates and determine the appropriateness of a certain
area for certain crops. Soil pH, nutrient levels, and moisture
content may all be measured using solar-powered sensors. This
information is critical for improving soil quality and nitrogen
management. Solar-powered weather stations outfitted with a
variety of sensors give real-time weather data for accurate
forecasts and irrigation scheduling. Solar-powered cameras are
used in agriculture to monitor livestock and ensure animal
welfare. In irrigation systems, solar-powered sensors are used
to improve water utilisation (Chand et al., 2021). They monitor
soil moisture levels and adjust irrigation based on crop
requirements and weather conditions.

The Chinese government aggressively promotes the use of solar
PV-powered cameras and sensors in agriculture. They have
been aggressively encouraging the use of solar PV-powered
cameras and sensors in agriculture since January 2022. The use
of solar-powered technology in agricultural monitoring systems
is consistent with China's larger aim to modernize and increase
the efficiency of its agricultural methods (Adak et al., 2022). As
aresult, utilities imposed PV power grid-friendly control (GFC)
to provide additional flexibility for power system operations.
Traditional GFC strategies have limitations in estimating real-
time maximum available power, particularly when fast-moving
clouds are present. In this regard, spatiotemporal (ST) PV
nowcasting via a sensor network addresses the aforementioned
issue. However, current ST nowcasting methods have issues
such as predictor mis-selection, inconsistent nowcasting, and
poor model adaptability, which make them unsuitable for GFC.
This paper presents a novel ST PV power nowcasting method
with predictor preselection that can be used for GFC. The
proposed method allows for quick and precise predictor
selection in various scenarios, as well as consistent PV
nowcasts with cloud information interpolated. The proposed
nowcasting method's effectiveness is tested in a real sensor
network. The experimental results show that the proposed
method has high robustness in a variety of weather conditions,

despite using fewer training data. On cloudy days, the proposed
method outperforms conventional methods by an average
nRMSE and nPMAE improvement of 13.5 % and 41.3 %,
respectively. It is also demonstrated how to apply the proposed
nowcasting method to GFC operation. The results show that the
proposed method has the potential to improve GFC
performance (X. Chen et al., 2019). Solar-powered weather
stations outfitted with a variety of sensors give real-time
weather data for accurate forecasts and irrigation scheduling.
Solar-power cameras are used in agriculture to monitor
livestock and ensure animal welfare. In irrigation systems,
solar-powered sensors are used to improve water utilization.
They monitor soil moisture levels and adjust irrigation based on
crop requirements and weather conditions.

Policies, incentives, and programs encourage the use of
renewable energy technology and precision agriculture
methods to increase production and sustainability (Zhang et al.,
2024). Encouraging the adoption of renewable energy
technologies and precision agriculture practices is a typical
government approach to increasing agricultural productivity
and sustainability. These regulations, incentives, and initiatives
are intended to assist farmers and agricultural enterprises in
implementing environmentally friendly and creative
techniques. Besides, China's smart agriculture programs
modernise the farming sector by utilizing solar-powered
sensors and data analytics. These programs seek to boost crop
yields while reducing resource use and environmental effects.
Critical data and monitoring capabilities in rural and remote
agricultural locations where connection to the electrical grid
may be limited are provided. They contribute to closing the
technology gap in these areas. Solar energy cuts operating costs
for farmers by removing the requirement for grid electricity and
lowering the costs associated with battery replacement
(Sciences & 2022, 2022). The introduction of solar-powered
sensors and cameras matches China's environmental and
sustainability goals by minimizing agriculture's environmental
effects. These technologies contribute to greener, more efficient
farming methods by optimizing resource consumption (Millot
et al., 2020). The use of solar PV-powered cameras and sensors
in Chinese agriculture is part of the country's attempts to
improve food security, resource efficiency, and environmental
sustainability in agriculture. These technologies give useful
insights and monitoring capabilities, resulting in more accurate
and long-term agricultural operations.
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Fig. 7 Schematic illustration of solar PV systems in agricultural automation and robotics (Gorjian et al., 2020).
Reproduced with permission. License number 5684151444521.

3.1.5 Solar PV energy-powered tractors/harvesters
in China

Tractors (as shown in Fig. 10) and harvesters driven by solar
PV electricity have grown in popularity in China as part of the
country's commitment to renewable energy and sustainable
agriculture. These machines are meant to use solar energy to
accomplish a variety of farming activities, providing multiple
advantages such as lower operating costs, environmental
sustainability, and energy efficiency. In China, solar-powered
tractors are harvesters outfitted with solar panels, which are
commonly positioned on the roof. These panels use PV cells to
turn sunlight into power. Electric motors are used in solar
tractors/harvesters for propulsion as well as to power different
tools and equipment (Gorjian et al., 2021). These motors are
powered by the electricity generated by solar panels, allowing
the tractor to do farming activities. Many solar-powered
machines have battery storage devices for storing surplus power
generated during sunny periods. These batteries can be used to
power the tractor/harvesters in low light or at night.

In China, several solar tractors are hybrid systems. As a backup,
they may be charged from the grid or other power sources,
ensuring continued operation even when sunshine is scarce.
Solar tractors are adaptable, and they may be used with a variety
of farming accessories such as ploughs, tillers, seeders, and
harvesters (Hamidinasab et al., 2023). These attachments are
intended to help with various farming activities. Solar-powered
tractors employ clean and sustainable solar energy, lowering
carbon emissions and contributing to China's environmental
sustainability. When compared to standard diesel-powered
vehicles, these tractors have much reduced running expenses.
They use less fuel and require less maintenance. Many solar
harvesters have battery storage devices to store extra power
generated by the sun. These batteries can be used to power the
harvester in low light or at night. Some Chinese solar harvesters
are hybrid systems, allowing them to be charged from the grid
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or other power sources as a backup. This ensures continued
operation even when there is inadequate sunshine. Solar
harvesters are outfitted with specific harvesting equipment that
varies according to the crop being harvested. Reapers,
threshers, and pickers are common attachments (Zheng &
Zhou, 2023).

Solar tractors/harvesters can function in off-grid and isolated
parts of China, which is especially useful in rural agricultural
communities with limited access to traditional power sources.
Solar tractors/harvesters employ extremely efficient electric
motors that deliver steady power and torque (Gorjian et al.,
2021). These devices are dependable and need little upkeep.
Solar tractors and harvesters run silently and emit no direct
pollutants, resulting in a healthier and more pleasant working
environment for operators and surrounding communities. Solar
tractors with battery storage can prolong their working hours,
allowing farmers to work in low-light conditions or at night.
Solar tractors are flexible for both small-scale and large-scale
agricultural operations in China since they are appropriate for a
wide range of crops and farming jobs. The usage of solar PV
energy-powered tractors promotes China's drive to greener and
more effective farming operations (Thomas et al., 2023). The
initial cost of solar tractors/harvesters may be more than that of
typical diesel-powered tractors, which may be a barrier to
adoption for certain Chinese farmers. Solar tractors and
harvesters in China, like those in other countries, rely on
sunshine to operate, which might be a constraint during gloomy
or wet weather. Proper management of the tractor's battery
system is critical for long-term efficiency and performance.
Solar tractors with battery storage can prolong their working
hours. Solar tractors are flexible for both small-scale and large-
scale agricultural operations in China since they are appropriate
for a wide range of crops and farming jobs. The usage of solar
PV energy-powered tractors promotes China's drive to greener
and more effective farming operations (Thomas et al., 2023).
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Fig. 8 Solar-powered tractor for agricultural usage (Tariq et al., 2021). Reproduced with permission under the terms of the
Creative Commons CC-BY license.

4. Socioeconomic impact of solar PV energy on
agriculture in China
Solar PV energy has a major and far-reaching socioeconomic
influence on agriculture in China (Xie et al., 2022). Solar PV
technology has played an important role in revolutionizing
Chinese agriculture, making it more sustainable, efficient, and
financially feasible (Luo et al., 2023). Solar PV-powered
irrigation systems allow farmers to give their crops a
continuous and predictable water supply. This has resulted in
higher yields, improved food security, and enhanced
agricultural revenue for farmers (Luo et al., 2023). Fig. 11
depicts the quick growth in solar expansion as well as the rapid
performance in poverty reduction. Solar irrigation and other
methods save energy expenses connected with farming

operations. This means increased revenues for farmers and
better socioeconomic situations in rural areas (Wang et al.,
2020). Solar PV technology has increased access to power in
distant and off-grid rural regions. Supplying dependable energy
to homes, businesses, and schools has enhanced the general
quality of life in these areas. The solar energy sector, including
solar PV system manufacture and installation, has created job
possibilities. This increase in employment is beneficial to rural
economies. Solar PV initiatives in rural regions, such as the
"Photovoltaic Poverty Alleviation Program," have contributed
to poverty alleviation by providing new income-generating
options for rural communities. As a result, the economic
disparity between urban and rural areas has narrowed (Khalaf
et al., 2023).
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Fig. 11 depicts the quick growth in solar expansion as well as the rapid performance in poverty reduction (Li et al., 2022).
Reproduced with permission. License number 5684160503242.

The use of clean, renewable energy in agriculture minimizes air
pollution and greenhouse gas emissions, resulting in better

environmental quality (Nwokolo et al., 2023). This provides
health advantages and helps to improve the quality of life in
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rural areas (Luo et al., 2023). The adoption of solar PV
technology in agriculture has fueled innovation and technical
improvement. This has improved agricultural techniques and
the competitiveness of Chinese farmers in both local and
foreign markets (Wang et al., 2020). Training and capacity
development for local populations are frequently included in
the installation of solar PV installations. This provides farmers
and rural populations with technical knowledge and skills (X.
H. Chen et al., 2023). Solar-powered irrigation systems are
more dependable and robust, guaranteeing uninterrupted water
delivery for crops even during power outages or inclement
weather. This decreases agricultural hazards and helps to
maintain economic stability. In agriculture, solar-powered
sensors and data analytics deliver real-time data and insights.
Precision agriculture methods decreased resource waste, and
higher agricultural production result from this. Solar PV project
development frequently includes infrastructure development,
such as upgraded roads and energy distribution networks,
which benefit not just agriculture but also the broader
socioeconomic growth of rural communities (Feng & Fang,
2022). Solar energy encourages energy independence by
lowering dependency on fossil fuels and imported energy. This
improves energy security as well as economic stability. Solar
PV technology usage in agriculture contributes to China's clean
energy transition, aligning with global environmental goals and
showcasing the country's commitment to sustainability (Majeed
et al, 2023). Overall, solar PV energy has aided rural
development and the economic well-being of Chinese
agricultural communities. It has not only increased agricultural
efficiency, but it has also had a good social impact on rural
education, employment, income, and environmental
sustainability (Majeed et al., 2023).

4.1 Prospects and Recommendations

Precision agriculture is made possible by solar PV-powered
sensors and data analytics. Farmers may make data-driven
irrigation, fertilisation, and pest management decisions,
resulting in better resource efficiency and crop quality. Solar
PV system adoption in agriculture entails training and capacity-
building activities for local populations. Farmers are now
equipped with the technical knowledge and skills required to
manage and maintain solar panels. Adoption of solar PV in
agriculture benefits rural development, job creation, and
poverty alleviation. It lowers income gaps between cities and
rural areas and promotes rural populations' economic well-
being (Jiang et al., 2023).

The usage of solar PV is consistent with China's overall clean
energy transition and goal of lowering its carbon footprint
(Mehmood et al., 2023). It exemplifies environmental
management and long-term farming techniques. Solar PV
energy utility prospects in Chinese agriculture are encouraging
and coincide with the country's aims of developing sustainable
and ecologically friendly farming methods. Despite these
advantages, difficulties like as initial investment costs, weather
reliance, and the necessity for adequate maintenance and
battery management must be addressed. In general, using solar
PV energy in Chinese agriculture provides a way toward

cleaner, more sustainable, and economically viable farming
techniques that benefit both farmers and the environment.

The applications of solar energy are pushed by the central
government's and local governments' hortative policies; the
government's allowance is crucial to boost the competitive
power of PV production (Shuai et al., 2023). Furthermore, the
Chinese central and local governments should raise PV research
money to grasp key technologies such as circuit topology,
MPPT control technique, and grid connection. Besides, the
government should reduce or eliminate the tax, which will
inspire companies and develop the PV market through
government policy measures. Government measures should
guarantee that investors benefit. To strengthen the energy
structure, the government fund should undoubtedly be
introduced in the enormous power supply project.

Ample funds and staff should be invested in PV-related
research, and universities and graduate schools should be
encouraged to do research in solar energy (Yang et al., 2023).
Cooperation between corporations and universities should be
strengthened to raise the level of research. Universities teach
students to provide people with the ability to cooperate.
Certainly, central and local governments should support foreign
collaboration to develop domestic technologies. To increase the
economic advantage of the Chinese PV sector, the PV industrial
chain should be built. In particular, the scarcity of silicon
material and crucial technologies should be addressed in the
future. To consume huge quantities of PV goods, the PV market
needs to be expanded. The attestation and detection
organisation lacks communication with international
organisations, and an industry-wide standard should be formed.

4.2 Discussion
Solar PV installed power capacity is expected to surpass coal
by 2027, making it the world's largest. Cumulative solar PV
capacity is expected to triple, increasing by nearly 1,500 GW
over the period, surpassing natural gas by 2026 and coal by
2027. For the next five years, annual solar PV capacity
additions will increase. Despite current higher investment costs
due to rising commodity prices, utility-scale solar PV is the
most cost-effective option for new electricity generation in
most countries around the world. As a result of higher retail
electricity prices and growing policy support to help consumers
save money on their energy bills, distributed solar PV, such as
rooftop solar on buildings, is also expected to grow faster. In
2022, solar PV generation increased by a record 270 TWh (up
26 %), reaching nearly 1 300 TWh. In 2022, it had the highest
absolute generation growth of any renewable technology,
surpassing wind for the first time in history. This rate of
generation growth corresponds to the level anticipated from
2023 to 2030 in the Net Zero Emissions by 2050 Scenario.
Continuous growth in the economic attractiveness of PV,
massive supply chain development, and increasing policy
support, particularly in China, the United States, the European
Union, and India, are expected to accelerate capacity growth in
the coming years. As a result, the tracking status of solar PV has
been upgraded from "more effort needed" to "on track" in 2023.
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Maintaining a generation growth rate consistent with the Net
Zero Scenario will necessitate annual capacity additions nearly
three times greater than those of 2022 until 2030. This will
necessitate ongoing policy ambition and effort on the part of
both public and private stakeholders, particularly in the areas of
grid integration and addressing policy, regulatory, and
financing challenges. PV technology, as a rapidly increasing
renewable-based approach, can provide a promising choice for
sustainably powering agricultural activities. PV technology can
provide both heat and power demands in agriculture, with the
latter being accomplished through the use of photovoltaic-
thermal systems. Distributed solar PV systems are preferable in
protected cultivation systems such as greenhouses, but large-
scale centralized PV power plants are more viable in big farms.
Several studies have been undertaken to assess the integration
of PV technology with agricultural chores that are broadly
classed as traditional and contemporary. Modern operations
include the combination of solar PV technology with electric
farm tractors and agricultural robots.

China is the world's biggest agricultural producer, but it is now
experiencing major energy supply and environmental issues.
China has been the world's greatest CO2 emitter since 2007,
with an annual emission load of 300 million tons. Aside from
the usage of crude oil and raw coal, China is the world leader
in electricity consumption. China has analyzed its energy
system and devised a plan for solar energy in response to the
urgent challenges of post-harvest losses, energy supply, and the
environment. Solar drying of agricultural goods is ecologically
benign and is quickly becoming popular. The greenhouse dryer,
collector dryer, collector-greenhouse hybrid dryer, integrated
dryer, and focused dryer are all commercially utilized in the
nation. Since 2000, more than 200 solar drying systems with a
total surface of 20,000 m2 of solar collectors have been
constructed in China to dry diverse commodities such as grain,
vegetables, fruits, and Chinese herbal medicines. The goal is for
sun-drying systems to be used for more than 50 % of grain
drying by 2020, with a solar contribution of more than 40 %.
Recently, a flat plate solar collector with dual function (FSDF)
has been employed in a hybrid dryer system consisting of the
FSDF, a water tank and auxiliary system, and a drying chamber.
The yearly cost of the FSDF hybrid dryer was found to be 1.1
% less than that of electricity, 142.9 % less than that of the heat
pump, and 13.7 % less than that of coal. To encourage the use
of solar thermal energy in China, China has established
development goals and drafted a "Renewable Energy Law"; and
conducted research on near-term (2020), mid-term (2030), and
long-term (2050) energy strategies for the systematic and
integrated development of solar energy, focusing on market,
technologies, industry, and policies; and proposed various
economic incentives such as providing financial assistance
through investment subsidies.

5. CONCLUSION
Agricultural power consumption in China reached 102.2 billion
kWh and accounted for 1.9 % of overall energy consumption in
2021, a 3.4 percentage point decline from 2000 owing to the
integration of solar PV systems into the sector. Current trends

demonstrate that solar PV technology added over 10 GW of
solar capacity to benefit over 2 million citizens by 2020 for
irrigation, automation, and smart agricultural operations.
Hence, increasing per-capita income by approximately 7 % to
8 %. By the end of 2018, a total of 15.44 million kW of solar
PV poverty alleviation had been allocated nationwide to 2.24
million homes. Combining PV technology with agricultural
activities results in increased yield per unit of farmed land, with
values ranging from 20 to 60 % higher depending on crop
variety. However, the integration of renewable energy into
existing energy infrastructure lacks crucial technical, economic,
and environmental components of thorough feasibility
research. This research looks at the integration of solar PV
electricity into the Chinese agriculture industry. Overall, using
solar PV energy in Chinese agriculture provides a way toward
cleaner, more sustainable, and economically viable farming
techniques that benefit both farmers and the environment. The
increased use of solar PV energy in agriculture has significantly
transformed the sector by increasing energy -efficiency,
improving resource management, cutting operating costs,
reducing greenhouse gas emissions, air pollution, and the
environmental consequences of agricultural operations. Solar
PV energy has a significant and far-reaching socioeconomic
impact on Chinese agriculture, making it more sustainable,
efficient, and financially viable.
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