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ABSTRACT-
This research investigates how agricultural produce processing using solar PV-powered dryers can promote
sustainable rural development in the People's Republic of China. These dryers reduce post-harvest losses and
promote environmental sustainability by improving the effectiveness and quality of agricultural product
preservation through the use of renewable energy. Significant financial gains may be made thanks to the
technology, which gives farmers access to new markets and raises their revenue while boosting local economies by
generating jobs. The viability and advantages of solar PV-powered dryers are improved by technological
breakthroughs, supporting legislation, and extensive training programmes, even in the face of obstacles like
upfront costs and the need for technical expertise. All things considered, their broad acceptance may greatly
support food security, rural development, and sustainable agriculture practices in China.
KEYWORDS: Solar-PV dryers; Photovoltaic (PV); P.R. China; Agriculture; Solar cabinet dryers; Hybrid
solar-PV dryers

1. INTRODUCTION

Using more renewable energy offers the advantage of lowering pollution levels and dependency on fossil fuels
(Awogbemi and Kallon, 2023). Therefore, to meet the Sustainable Development Goals (SDGs), each nation
should prioritize the usage of renewable energy while creating its national strategies for energy sustainability
(Awogbemi and Kallon, 2023; Messina et al., 2022a). For China's rural communities to achieve the SDGs, solar
drying agricultural goods is crucial (Messina et al., 2022a; Shi et al., 2023; Wang and Zhou, 2013). In China's
rural areas, solar PV-powered dryers have become a viable option for processing agricultural products (Kong et
al., 2024; Messina et al., 2022b; Yu et al., 2024). Solar PV-powered dryers support sustainable rural development
by promoting:

e Energy efficiency: Through the use of sustainable solar energy, solar PV-powered dryers dramatically
lessen agricultural processing's need for fossil fuels and grid electricity. These solar-powered dryers
provide a sustainable substitute for traditional drying techniques like open-air or fossil fuel-powered
dryers, which are frequently ineffective and detrimental to the environment.

e  Cost savings: Farmers may reduce their energy expenditures by using solar PV-powered dryers to avoid
paying for fuel or electricity while using conventional drying techniques. Since sunshine is free and
plentiful in rural regions, solar PV systems have low operational costs once installed. As a result, farmers
have less financial strain and are more viable economically, which promotes sustainable rural
development.

e Increased processing: To accommodate the various requirements of smallholder farmers and agricultural
cooperatives, solar PV-powered dryers may be built with adjustable capacity and flexible designs. These
dryers help farmers effectively process bigger volumes of produce, decreasing post-harvest losses and
expanding market access by improving processing capacity and throughput. This improves rural
populations' chances to generate revenue and ensure food security.

e Improved product quality: Dryers driven by solar photovoltaic cells allow for exact control over drying
parameters including temperature, humidity, and airflow, which improves the consistency and quality of
the final product. These dryers increase market value and customer satisfaction by maintaining the
nutritional content, taste, and aesthetic appeal of agricultural products through the optimization of drying
parameters. Higher profits for farmers and more rural economic growth follow from this.
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e Environmental sustainability: When compared to traditional drying techniques, solar PV-powered dryers
have a lower environmental effect since they emit no greenhouse gases or air pollutants while they are
in use. These dryers aid in the mitigation of climate change and the improvement of air quality in rural
regions by lowering dependency on fossil fuels and encouraging the adoption of renewable energy.
Furthermore, the minimal carbon footprint that solar PV systems have throughout their lifetime
contributes to their environmental sustainability.

e Technology transfer, and capacity building: In rural China, the use of solar PV-powered dryers
encourages technology transfer and capacity development programs, giving local populations access to
information and expertise in renewable energy technologies. In rural regions, training programs and
seminars on solar energy installation, maintenance, and operation encourage entrepreneurship and
generate job possibilities, promoting inclusive and sustainable development.

From the earliest people to the present, solar drying techniques have developed. Modern solar-PV dryers use
electric-driven extractors (Yin et al., 2022), solar photovoltaic extractors (Gorjian et al., 2020), and solar photo-
thermal converters (Mousazadeh et al., 2009) to speed up the drying process (Andharia et al., 2024). A relatively
new initiative in China's solar thermal application portfolio is sun drying (Saini et al., 2023a). Only seven sets of
sun dryers were available for pilot studies in the 1970s (Belessiotis and Delyannis, 2011; Saini et al., 2023a) when
a small number of institutes began researching and developing solar drying (Belessiotis and Delyannis, 2011; Jia
et al., 2018). Nonetheless, the Chinese government has actively supported the fast growth of sun-drying
applications in recent years (jia et al., 2018; Zhou et al., 1993).

In China's rural areas, open-air sun drying is the traditional way of drying crops and byproducts (Ortiz-Rodriguez
et al., 2022; Shahbazi et al., 2024). It is mostly dependent on the weather and environmental conditions, and it
offers limited control over the drying quality (Ndukwu et al., 2023). For example, grit, dust, and insects frequently
contaminate the dried items (Belessiotis and Delyannis, 2011). Rainfall is a major issue for post-harvest drying
throughout the summer-autumn harvest season. In China's rural areas, the use of renewable energy has been
expanding since the 1980s (Ortiz-Rodriguez et al., 2022; Zhou et al., 1993). While solar-PV dryers are utilized in
some industrial processes, solar water heaters (Yang et al., 2023), solar cookers, and passive solar homes
(Shahbazi et al., 2024) are valued for enhancing farmers' everyday lives (Ortiz-Rodriguez et al., 2022). According
to the World Solar Summit report (Zhou et al., 1993), a relatively new initiative in China's solar thermal
application portfolio is sun drying. With a total aperture area of 10.178 m?, 108 sets of various types of solar-PV
dryers have been constructed thus far, with 85% of those sets being constructed after 1983 (Belessiotis and
Delyannis, 2011; Zhou et al., 1993). 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 street lamps, solar water pumps, solar heaters,
and solar energy chargers were employed to enhance the lives of regular people (Hu, 2023). The popularity and
potential of solar-PV dryers in Chinese agriculture have led to a thorough discussion of the revolution and current
developments in this research. There is also an explanation of the contemporary solar-PV dryer kinds used in
Chinese agriculture. In China and other regions of the world, this study aims to be a reference for researchers,
policymakers, and students who are creating innovative solar-PV dryer technologies.

2. 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 (Awogbemi and Kallon, 2023). According to CDIC data (Liu et al., 2010),
the object of renewable energy development in 2020 includes 0.3 billion kW of large water electric power, 30
GW of wind energy, 1.8 GW of solar PV generating system, 30 GW of biological 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).

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 Figure
1 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
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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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Figure 1 The increasing trend of distributed solar PV installation capacity in China (Hu, 2023).
Reproduced with permission. License number 5684141496108.

3. 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 (Liu et al., 2010). Significant progress has been made as a result of the country's commitment to clean
energy and quick increase of solar power capacity (Fazal and Rubaiee, 2023). In China, where the government
has aggressively promoted the use of renewable energy sources to address energy security and environmental
issues (Morcilla and 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). Farm produce drying
is a significant application where solar photovoltaics has shown a lot of potential. Since traditional methods like
sun and wind drying were inefficient in previous decades, solar-PV dryers have addressed significant challenges
by reducing drying times and preserving more agricultural products for sale in the future.

3.1 Solar PV-powered dryers for agricultural utility in China

Solar-powered agricultural dryers use solar energy to remove moisture from agricultural products such
as grains, fruits, vegetables, and herbs (Satpathy and 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-PV dryers. 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-PV 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 and Jabbar, 2022).

Solar PV-powered dryers are rapidly being utilized in China to dry agricultural products effectively and
sustainably at a solar-PV radiation intensity of 759.53W/m?, the mass flow rate of air was 0.023 kg/s, and the
solar-PV 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 (Saini et al., 2023a).
Solar-PV 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 (Kong et al., 2024). In the fish processing sector, solar-PV-powered dryers are used to dry and
preserve fish and seafood products (Fazal and Rubaiee, 2023).
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Besides, the Chinese government has launched several initiatives and regulations to promote the use of solar PV-
powered dryers, particularly in rural and agricultural areas (Liu et al., 2010; Zhou et al., 1993). These projects
frequently include financial incentives, subsidies, and assistance with technology transfer and training (Shi et al.,
2023). Furthermore, facilities like solar greenhouses are built and intended to serve as both drying facilities and
agricultural-producing areas (Yang et al., 2023). These buildings are outfitted with solar panels and drying racks,
allowing farmers to make better use of their land (Wang and Zhou, 2013; Yang et al., 2023). Some solar-PV 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 (Wang and Zhou, 2013). 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-PV 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., 2023b).

3.2 Solar-PV dryer types used in China
Solar-PV 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.

3.2.1 Solar-PV tunnel dryer type

Long, enclosed structures with sun collectors on one side and a drying chamber on the other are called
solar-PV tunnel dryers (Figure 2) (Janjai and Bala, 2012). They are made up of a long, rectangular chamber that
is covered with a translucent covering that lets light in and warms the air inside. The items being dried then
experience moisture loss and drying out as a result of the hot air being blown around them. Compared to
conventional drying techniques, solar-PV tunnel dryers offer several benefits, including lower energy costs, less
impact on the environment, and higher-quality products (Bala and Janjai, 2012; Janjai and Bala, 2012). They are
used in many different uses, such as drying textiles, medications, and agricultural goods.
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Figure 2 lllustration of a sample solar-PV tunnel dryer (AADA, 2021). Reproduced with permission.
License number 5684141496267.

3.2.2 Solar-PV Cabinet Dryer Type

Solar-PV cabinet dryers (Figure 3), 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. Solar-PV cabinet dryers are more compact and have
a smaller design that makes them resemble enormous cupboards, in contrast to solar-PV tunnel dryers, which are
long and rectangular (Chavan et al., 2011; Shakeel et al., 2023). In addition to using sunshine to heat the air inside
the chamber, solar-PV cabinet dryers also circulate heated air around the objects they are drying (Chavan et al.,
2011). They get dry and lose moisture as a result of this (Chavan et al., 2011; Janjai and Bala, 2012).
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Figure 3 lllustration of a sample solar-PV cabinet dryer (Spall and Sethi, 2020). Reproduced with
permission. License number 5684141499206.

3.2.3 Hybrid solar-PV dryer

Hybrid solar-PV dryers (Figure 4) 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-PV
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. Their implementation helps to ensure food security

and sustainable agriculture practices (Gitan and Al-Kayiem, 2023).
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Figure 4 illustrates the design, simulation and application of hybrid solar-PV dryers (Jha and Tripathy,
2021). Reproduced with permission. License number 5684141497548.

Devoid of these primary types, the solar-PV dryers developed in China can be classified into five types.

3.2.4 The green-house type

This type of solar-PV dryer has the advantages of a simple structure and low cost. Its structure is somewhat like
a conventional greenhouse. The drying materials in the greenhouse absorb solar radiation directly. Most of these
kinds of dryers are operated in passive mode. The moisture evaporated from the drying material flows out through
natural ventilation (Serm Janjai, 2012). Besides, more than ten sets of greenhouse solar-PV dryers have been built
in Shanxi Province for drying red dates, cotton, fur lilies etc. since the 1970s (Serm Janjai, 2012; Wennerholm,
1993). A large-size greenhouse solar-PV dryer was built in Yiwu County for drying wooden boards (Li et al.,
2009; Wennerholm, 1993). The greenhouse solar-PV dryers are also used to dry rabbit fur skin and preserved
fruits in Hebei Province (Li et al., 2009).
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Figure 5 Schematic illustration of the greenhouse type of solar-PV dryers (Serm Janjai, 2012).
Reproduced by CC BY 4.0

3.2.5 Air collector type of solar-PV

The so-called air collector type solar-PV dryer means the drying objects are dried by the hot air heated through
the solar air collector (Zhang and Zhu, 2022). The air is heated up to 60-70 °C and then enters the drying chamber.
The drying process in the chamber is a convective heat and mass transfer process (Lingayat and Chandramohan,
2021; Zhang and Zhu, 2022). A blower is installed in the collector system to enhance the drying process (Zhang
and Zhu, 2022). Several large-size air collectors- solar-PV dryers are under operation in China, such as a timber
dryer in Ganzhou, a solar drying kiln for candied fruit in Xinhui, a medicine herb in Shanghai, a solar drying
cabinet in Loyang Ceramics Arts and Crafts Factory and a melon seed dryer in Lanzhou (Janjai and Bala, 2012;
Wennerholm, 1993). Furthermore, the greenhouse solar-PV dryer generally cannot meet the requirements of
drying high moisture content objects, such as fruits and vegetables. due to its small air temperature rise despite its
high efficiency (Akash et al., 2024). A few types of combination solar-PV dryers have been built, the typical one
is located in Dongguan County, Guangdong Province (Wennerholm, 1993).

3.2.6 Concentrator type of solar-PV

Using a solar concentrator would be an option to obtain a much higher air temperature for fast drying. From 1979-
1981, five sets of pilot concentrated solar-PV dryers were built for grain drying (Janjai and Bala, 2012). After a
period of operation, no encouraging results were reported. So, this type of solar-PV dryer has been given up for
further development due to its complicated structure, high cost, and difficult operation and maintenance problems
(Janjai and Bala, 2012; Mugi and Chandramohan, 2021; Wennerholm, 1993).

3.2.8 The integrated type of solar-PV

In this type of solar-PV dryer, the solar collector is integrated with the drying cabinet (Spall and Sethi, 2020). An
axial blower is mounted at the connection passage between two arrays of the drying unit (collector/cabinet). Since
this unit has a higher aperture area/air space volume ratio, say 3-4 times larger than that of conventional
greenhouse type, hence, a rapid temperature rise can be obtained (Wu et al., 2024a). The objects for drying loaded
on a tray with four rollers can be pushed into the dryer along a rail track. The forced air flow circulates through
the tray. The moisture released off the materials is carried away by exhausted damp air. A part of damp hot air
can be recirculated and mixed with the fresh air flowing into the system through a controllable exhaust flap. Hence,
better performance of the system can be obtained (Wu et al., 2024b). The integrated solar-PV dryer has the
advantage of low thermal inertia, high and rapid temperature rise, higher thermal efficiency, simple structure, low
cost and flexible combination (O’Shaughnessy et al., 2088). It has been widely disseminated since it was first
built in Guangzhou in 1983 (Wennerholm, 1993). At present, this type of solar-PV dryer takes a ratio of about
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30% of the total amount of solar-PV dryers in China due to its cost-effectiveness (Li et al., 2009; Wennerholm,
1993).

4. QUALITATIVE IMPACTS OF SOLAR DRYING ON FARM PRODUCE

Food drying alters several physio-chemical and nutritional properties as a result of heat and mass transfers
(Goel et al., 2024a). When compared to sun drying, it was shown that solar drying with air recycling decreased
colour changes and volume shrinkage of dried pistachio nuts (Goel et al., 2024a; Thongcharoenpipat and
Yamsaengsung, 2023). According to a study (Chen et al., 2005), samples of dried lemons that were dried using
hot air at 60 °C had a duller colour than those that were dried using complementary solar drying (Goel et al.,
2024a). Compounds bound to insoluble fibre sections in the product or released by cell wall breaking are soluble
or insoluble depending on the characteristics of the drying air, particularly temperature (Goel et al., 2024a). In
comparison to hot air and open-air sun-dried samples, it was shown in a study that solar-dried bitter gourd and
capsicum kept significant components such as polyphenols, flavonoids, and vitamins A and C (Goel et al., 2024a;
Noor Mohammed et al., 2024). It was discovered that there was a maximum loss of vitamin C when Indian
gooseberry (amla) shreds were dried using hot air as opposed to sunshine (Goel et al., 2024b). A similar study
(Chen et al., 2005; Goel et al., 2024b) found that amla fruits dried by indirect sun drying retained more vitamin C
than fruits dried by direct drying. When organic plums were dried in an oven or outdoors with high oxygen
concentrations and temperatures, the vitamin C in the plums quickly degraded (Goel et al., 2024a).

Besides, a few examples of product quality changes that might happen during solar drying include product
browning, case hardening, nutrient migrations, and loss of all volatile components (Chen et al., 2005; Goel et al.,
2024b). Carefully choosing drying techniques is essential to guarantee high-quality products. Direct daylight is
essential for dates because it helps them acquire a characteristic hue (Mohana et al., 2020). In a similar vein, sun-
drying Arabica coffee intensifies the taste that is developed later on during roasting (Goel et al., 2024a).
Furthermore, for longer drying times, some crops-like those used to create coffee, tea, rice, and cocoa beans, and
nuts-need lower drying temperatures. When coffee beans are dried in sun dryers with dark solar collectors, it has
been shown that the beans dry faster and yield higher-quality dried items (Goel et al., 2024a; Majumder et al.,
2022). The bulk of spices may be dried with direct and indirect sun dryers. Solar-PV dryers with greenhouse
systems have been utilised to dry heat-sensitive items without sacrificing product quality. Food grains like rice
are dried using mixed-mode passive solar-PV dryers because the rice they produce is considerably whiter than
rice dried in the sun (Goel et al., 2024b; Majumder et al., 2022; Mohana et al., 2020). Research on the quality
evaluation of black turmeric dried in a mixed-mode sun drier found that variations in quality characteristics were
caused by the thermal degradation of the pigments, oxidation, and enzymatic or non-enzymatic browning that
happened during drying (Zhang et al., 2024). Moreover, certain fruits drastically lose ascorbic acid while they are
in the sun (Goel et al., 20244a).

4.1 Economic aspects of solar drying on farm produce

The economic evaluation of a solar-PV dryer greatly influences the viability of any modifications utilised to
improve it. It helps determine the cost-effectiveness of research-based innovations. The life cycle, annualised
costs, and payback period of dryers are used to assess their economic feasibility (O’Shaughnessy et al., 2088).
However, some factors, including the type of material being dried, the location, capacity, and size of the dryer, as
well as its design and efficiency, affect this analysis (Goel et al., 2024a). It is necessary to compare the drying
processes using electrical and solar-PV dryers to get the annualised cost. Because of fluctuations in the price of
fossil fuels and electrical energy, the annualised cost technique is not reliable (Mohana et al., 2020).

Important factors in the computation include the environment, the design, kind, size, and efficiency of the dryer's
system, as well as the physical properties of the materials being dried. For example, studies have shown that solar
drying is more profitable for cash crops like coffee and tea in India than it is for vegetables like tomatoes and
cabbage (Goel et al., 2024b). A 1000 kg capacity greenhouse-style drier in Thailand should pay for itself in around
two years (Jha and Tripathy, 2021). According to a separate analysis, the payback period (PBP) for a solar-PV
dryer with a total fixed cost of US$71,111 and yearly fuel consumption expenditures of US$33,600 is around two
years (Goel et al., 2024a, 2024b). When evaluating solar-PV dryer technologies at market price and without
accounting for any positive environmental effects, estimates of their economic returns relative to traditional drying
procedures are often much higher. Other benefits like increased yields, less land usage, and improved quality
should be taken into account to create a more realistic cost-benefit analysis.

5. CURRENT CHALLENGES ASSOCIATED WITH SOLAR-PV DRYERS IN
CHINESE AGRICULTURAL USE
Many obstacles stand in the way of the successful implementation of solar-PV dryers in Chinese agriculture.
These obstacles include the nation's varied climate, financial concerns, lack of technological know-how, and
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current farming methods. To fully utilise solar drying technology for sustainable agriculture and increased food
security in China, several issues must be resolved. The reliance on weather patterns is one of the main difficulties
(Reza et al., 2009). There are areas of China's huge landmass with wildly fluctuating sun radiation. The
effectiveness and dependability of solar-PV dryers are greatly impacted by inconsistent sunshine brought on by
cloudy or wet weather, especially in the northern parts during the winter and the southern regions during the
monsoon season. Due to these seasonal restrictions, solar-PV dryers are less useful throughout the year, which
limits their practical use in a variety of scenarios.

Besides, a major additional obstacle to solar-PV dryers is their high beginning costs. Building and installing these
systems may be expensive, especially if you want to install the most feature-rich types. Small-scale farmers are
faced with a dilemma since they might not have the money to purchase such equipment. The initial cost of solar-
PV dryers is further increased by the expensive cost of long-lasting, high-quality materials, which limits their
accessibility to a larger segment of the farming community. Also, the adoption of solar-PV dryers is further
complicated by difficulties related to design and efficiency (Saini et al., 2023c). It can be particularly difficult to
achieve consistent drying, especially in bigger units or those with insufficient air circulation. This can result in
uneven drying and lower-quality products. Moreover, inadequate insulation and structural defects may lead to
substantial heat dissipation, hence reducing the overall effectiveness of the drying procedure.

Furthermore, users of solar-PV dryers are always concerned about longevity and maintenance (Demissie et al.,
2024). For these systems to operate properly, they need to be maintained regularly, which takes time and technical
expertise that many farmers may not have. Furthermore, materials can corrode or deteriorate over time due to
exposure to severe external conditions. This results in clear coverings becoming brittle or discoloured and
structural elements requiring regular repairs or replacements. Farmers' insufficient technical expertise also
restricts the efficient application of solar-PV dryers (Demissie et al., 2024; Saini et al., 2023c). Many farmers may
lack the knowledge necessary to build, use, and maintain these tools efficiently, which might result in incorrect
use and less-than-ideal drying outcomes. This problem is made worse by limited access to technical assistance
and training programmes, which makes sun-drying technology installation more difficult.

The adoption of solar-PV dryers is also heavily influenced by economic factors (Patel et al., 2024). To reap the
financial rewards of employing solar-PV dryers, farmers must have access to marketplaces where there is a need
for dried goods. Farmers may find it difficult to justify the first investment in solar-PV dryers since, in contrast to
conventional drying techniques, the economic benefits may not be immediately obvious. Maintaining uniformity
in the quality of dehydrated goods is crucial for their marketability, however, it can be difficult with different
drying methods and environments (Demissie et al., 2024). Adhering to food safety requirements and standards for
dehydrated goods can be challenging in the absence of adequate infrastructure and understanding, which makes
the use of sun-drying technology even more challenging (Aniesrani Delfiya et al., 2024). Another difficulty is
integrating solar drying technologies with current farming methods (Wu et al., 2024b). Farmers can be hesitant to
abandon tried-and-true practices that they are comfortable with. The acceptability of new technologies is heavily
influenced by cultural customs and preferences; therefore, for solar-PV dryers to be widely adopted, they must
blend in with the local environment and be seen as culturally acceptable.

A multifaceted strategy is needed to address these issues, including better technology and design to increase
productivity and cost-effectiveness, financial assistance to lower startup costs, and extensive training initiatives
to give farmers the know-how and abilities they need. Important actions also include expanding dried product
market access and passing laws that encourage the application of renewable energy technology in agriculture. By
using these tactics, China can effectively address the obstacles related to solar-PV dryers and fully use their
promise for sustainable farming methods and enhanced food security. Solar-PV dryers can become a practical and
widely used way to preserve agricultural goods by resolving these complex difficulties, which would greatly
improve the nation's agricultural sustainability and economic resilience.

5.1 Prospects of solar-PV dryers in Chinese agriculture
The potential of solar-PV dryers in Chinese agriculture appears bright, considering the nation's growing emphasis
on renewable energy and sustainable growth. Reduce post-harvest losses, increase food security, and improve
agricultural product preservation with the use of solar-PV dryers. Even if there are obstacles to their acceptance,
there is a compelling argument for their increased usage in China given the potential advantages and continuous
technological developments.

5.1.1  Technological advancements and adaptations
The ongoing advancement and localization of technology is one of the main opportunities for solar-PV dryers in
China. New developments in solar-PV dryer designs have prioritised durability, cost reduction, and efficiency
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improvement (Patel et al., 2024). Particularly intriguing are hybrid solar-PV dryers, which combine solar energy
with electric heaters or biomass as auxiliary heating sources (Jha and Tripathy, 2021). Even in areas with less
continuous sunshine, like the southern China monsoon season or the northern winter, these systems can guarantee
consistent drying performance. Furthermore, a range of agricultural environments and crop kinds may be served
by the construction of modular solar-PV dryers that can be enlarged or altered following particular requirements
(Jha and Tripathy, 2021). Solar-PV may be made more affordable and culturally acceptable by combining
conventional architectural methods with locally sourced materials.

5.1.2  Economic benefits and market opportunities

The use of solar-PV dryers has substantial commercial potential (Philip et al., 2022). Farmers may boost their
revenue by growing the amount of marketable products they grow by decreasing post-harvest losses. Additionally,
solar-PV dryers may assist farmers in producing high-quality dried goods that satisfy consumer demands, creating
new local and international revenue streams and market prospects (Demissie et al., 2024). China's booming urban
markets and burgeoning middle class in particular are driving demand for premium, value-added agricultural
products. To realise these economic gains, financial incentives and government regulations are essential. Small-
scale farmers may find it easier to use solar-PV dryer technology if subsidies and grants are available to cover the
initial setup expenses (Patel et al., 2024). Additionally, generating demand and guaranteeing that farmers receive
fair prices for their produce may be accomplished by highlighting the advantages of dried goods through
marketing campaigns and quality certifications.

5.1.3 Environmental and Sustainability Advantages

China's overarching objectives of lowering carbon emissions and advancing sustainable agriculture methods are
in line with solar-PV dryers (Li et al., 2024). Solar-PV dryers reduce greenhouse gas emissions by minimising the
requirement for conventional energy sources and relying instead on sustainable solar energy. This is especially
important now that China is working to fulfil its obligations under international climate agreements and is still
addressing environmental issues (Rahman et al., 2022). Solar-PV dryers not only help the environment but also
improve food security by prolonging the shelf life of agricultural products and cutting down on waste. This is
particularly crucial in isolated and rural locations with limited access to refrigeration and other preservation
techniques. Solar-PV dryers can help stabilise the food supply and lessen food scarcity during certain seasons by
offering a dependable method of crop preservation.

5.1.4  Enhancing Farmer Livelihoods and Rural Development

The use of solar-PV dryers may greatly improve farmer livelihoods and advance rural development (Ukoba et al.,
2024). Providing farmers with the knowledge and abilities to operate and maintain solar-PV dryers, training
programmes and technical assistance may increase their output and revenue (Sianipar, 2022). Creating farmer
groups or cooperatives can help to fortify community bonds and offer a means of pooling resources to construct
sun-drying facilities. Utilising solar-PV dryers may also boost local economies by generating demand for goods
and services necessary for the installation, upkeep, and functioning of the dryers. In addition to promoting general
rural development, this may result in the creation of jobs and economic diversification in rural regions.

5.1.5  Research and Development Initiatives
Continuous research and development efforts are essential to the advancement and widespread use of solar-PV
dryers. Research organisations, agricultural colleges, and technology businesses working together may spur
innovation and guarantee that designs of solar-PV dryers are customised to meet the unique requirements of
Chinese farmers (Demissie et al., 2024). The development of new technologies may be sped up and their
transmission to the agriculture industry made easier with government assistance for research and development.

6. CONCLUDING REMARKS
In P. R. China, the incorporation of solar PVV-powered dryers into agricultural produce processing offers a game-
changing chance for sustainable rural development. By utilising renewable energy, these cutting-edge drying
systems improve the effectiveness and calibre of agricultural product preservation, tackling the pressing issue of
post-harvest losses. Solar PV-powered dryers facilitate China's larger objectives of lowering carbon emissions
and promoting environmental sustainability by decreasing dependency on conventional energy sources. The
economic advantages are significant since industrial dryers help farmers create high-quality dried goods that can
be sold in profitable marketplaces, boosting their earnings and enhancing their standard of living. Adoption of this
technology can also boost regional economies by creating jobs and increasing demand for associated materials
and services. Solar PV-powered dryers are a practical and advantageous alternative despite certain obstacles, such
as the initial investment and technical expertise needed. These are offset by continual technological developments,
supporting government regulations, and financial incentives. Cooperative approaches and extensive training
programmes can help to further promote the uptake and efficient application of this technology. Solar PV-powered
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dryers have a lot of potential to boost rural China's economy, encourage environmental sustainability, and increase
agricultural production. Assuring food security and attaining sustainable rural development may be made possible
by their broad adoption, which will support the nation's sustainable development objectives.
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