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Abstract: Solar drying technology has emerged as a sustainable solution for agricultural practices and food preservation,
particularly in regions blessed with abundant sunlight. This study delves into an investigation of how climatic conditions impact the
performance of solar dryers, with a specific focus on the unique case of Northern Nigerian Climatic Conditions. Northern Nigeria,
known for its arid and semi-arid climate, presents distinct challenges and opportunities for solar drying technology. The intricate
relationship between climatic variables - such as temperature, humidity, solar radiation, and seasonal variations - and their
influence on the efficiency and effectiveness of solar dryers were exploited. In addition to offering valuable insights into solar dryer
performance under diverse climatic conditions, this study proposes mitigation strategies to enhance their reliability and efficiency.
It explores adaptations in dryer design and operational practices to cope with climate-related fluctuations and suggests the
integration of weather forecasting into solar drying processes. The case-specific findings from various locations within Northern
Nigeria provide a nuanced understanding of regional dynamics, serving as the foundation for evidence-based decision-making in
the agricultural sector. Moreover, this research carries substantial policy implications for promoting sustainable agricultural
practices in the face of climate change. Eventually, these calls for collaborative efforts among government agencies, agricultural
organizations, and farmers to unlock the full potential of solar drying in Nigeria's Northern region. As solar drying continues to
play a pivotal role in enhancing food security and reducing post-harvest losses, it is imperative to adapt and innovate in response
to the dynamic nature of climatic conditions. This review contributes to the ongoing discourse on sustainable agricultural practices
and paves the way for future research endeavors in the field of solar drying technology.
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1. INTRODUCTION climatic conditions of Northern Nigeria pose both

The world is facing unprecedented challenges in the realm of
sustainable agriculture, where ensuring food security,
reducing post-harvest losses, and mitigating the impacts of
climate change converge. In this context, the utilization of
solar drying technology has emerged as a promising and eco-
friendly solution to address these multifaceted challenges [1].
Solar dryers harness the power of the sun to dehydrate
agricultural products, thereby extending their shelf life and
preserving vital nutrients, all while minimizing the
environmental footprint associated with conventional drying
methods [2].

The effectiveness of solar drying, however, is not uniform
across all geographic regions, as it is intrinsically tied to local
climatic conditions [3]. In Nigeria, a country with a diverse
climate ranging from tropical to arid and semi-arid,
understanding how climatic variables impact the performance
of solar dryers is of paramount importance.

The Northern region of Nigeria, often referred to as the Sahel,
is characterized by a predominantly arid to semi-arid climate
[4]. This region is not only agriculturally significant but also
represents a crucial area for solar drying technology adoption
due to its abundant solar radiation. Nevertheless, the unique

opportunities and challenges for solar drying processes. While
the region's high solar radiation levels can enhance drying
rates, extreme temperature fluctuations and low humidity
levels may also affect the efficiency and reliability of solar
dryers.

Nigeria, as a country with diverse climatic regions, presents a
compelling case for solar drying studies. The Northern region
of Nigeria, which includes states such as Kaduna, Kano,
Sokoto, and Katsina, is particularly relevant due to its arid to
semi-arid climate and abundant solar radiation [5]. Several
studies have examined the feasibility and performance of
solar dryers in various parts of Nigeria, with a focus on crop
preservation and value addition [6], [7], [8].

While previous studies have shed light on the benefits and
challenges of solar drying in Nigeria, there is still a significant
gap in understanding how local climatic conditions,
particularly in the Northern region, affect the performance of
solar dryers [9]. This study seeks to address this gap by
conducting a detailed investigation into the complex interplay
between temperature, humidity, solar radiation, and seasonal
variations in Northern Nigerian Climatic Conditions. By
providing region-specific insights, our research aims to
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inform the optimization of solar drying practices and enhance its potential, it is not without challenges, many of which are

food security in the region. related to climatic variability.

It is a low-cost, energy-efficient, and environmentally Some of the key challenges include:

friendly method for dehydrating agricultural products. The

core principle involves harnessing solar energy to elevate the a. Temperature Fluctuations: Solar drying heavily relies

temperature of the drying chamber, thereby promoting on temperature, and extreme fluctuations can impact the

moisture removal from the product. This technology offers consistency and efficiency of the drying process. High

several advantages, including the preservation of product daytime temperatures followed by cooler nights can

quality, retention of vital nutrients, and extended shelf life. result in uneven drying and potentially reabsorption of

Additionally, solar drying reduces the reliance on fossil fuels moisture [11].

and minimizes greenhouse gas emissions, aligning with b. Humidity Levels: Low humidity levels are generally

sustainable agricultural practices and climate change conducive to drying, but excessively low humidity can

mitigation efforts [10]. lead to overdrying and product degradation. Conversely,
high humidity can hinder moisture removal [12].

12 _CHALLENGES IN SQ'—AR DRY_'NG L c. Solar Radiation: Solar dryers depend on adequate solar
Solar drying technology has gained increasing attention in radiation. Overcast or cloudy days can reduce drying
recent years as a sustainable and environmentally friendly rates, potentially prolonging the drying time [13].
means of preserving agricultural products and reducing post- d. Seasonal Variations: Changes in the seasons can
harvest losses. However, the efficacy and performance of significantly affect the availability of solar energy.
solar dryers are closely intertwined with local climatic Understanding how seasonal variations impact solar
conditions. While solar drying technology has demonstrated drying is essential for its year-round viability [14].
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Figure 1. Map of Zaria, Kaduna State, Nigeria.
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1.3 STUDY SITE

Located at an elevation of 585.86 meters (1922.11 feet) above
sea level, Kaduna has a Tropical wet and dry or savanna
climate (Classification: Aw). The city’s yearly temperature is
28.46°C (83.23°F) and it is -1.0% lower than Nigeria’s
averages. Kaduna typically receives about 92.56 millimeters
(3.64 inches) of precipitation and has 132.0 rainy days
(36.16% of the time) annually [15].

These hypothetical case study findings underscore the region-
specific impacts of climatic conditions on solar drying
technology within Northern Nigeria. While some areas
experience extreme temperature fluctuations, others benefit
from more stable conditions. Dust and wind can pose
challenges, but appropriate measures and mitigation strategies
can address these issues [16].

Table 1. Climatic Data (Daily observations) December 2020 in Zaria, Nigeria [17].

Time Temperature Dew Point

Humidity

Wind Spead Pressure Precipitation
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2020-12-14 3012 | 86.22 0.0]0 18 7.77 | 4.83 28.98 | 981.22 000
2020-12-15 2817 | 82.71 0.57 | 30.25 17 10,69 | 6.64 28.98 | 981.22 000
2020-12-16 2817 | 82.71 000 18 14.57 | 9.05 29.0 | 982.19 000
2020-12-17 27.2 | 20.96 0.97 | 30.25 18 136 | 845 29.0 | 982.19 00 |0
2020-12-18 2817|8271 000 18 8.74 | 543 29.0 | 982.19 0.0 |0
2020-12-19 29.14 | B4.45 291 | 37.24 23 7.77 | 4.83 29.0 | 982.19 000
2020-12-2 2817 | 82.71 3,89 | 39.0 24 271 | 6.03 29.0 | 98219 000
2020-12-21 2817 | 82.71 1.94 | 3549 22 1069 | 6,64 29.0 | 982.19 000
2020-12-22 3012 | 86.22 2.9137.24 2 77 | 4.83 29.0 | 982,19 000
2020-12-22 3012 | 86.22 291 | 37.24 22 7.77 | 4,83 29.0 | 982.19 000
2020-12-23 2914 | 84.45 291 |37.24 21 7.77 | 483 28.98 | 981.22 0.0]0
2020-12-24 29.14 | 84.45 0.97 | 33.75 2 9.71 | 6,03 29.0 | 982.19 0,010
2020-12-25 2623 79.21 097 | 30.25 19 15.54 | 9.66 29.0 | 982.19 0.010
2020-12-26 2623 | 79.21 1.94 | 3549 24 14.57 | 9.05 29.0 | 982.19 0.0]0
2020-12-27 2817 | 82.71 291 | 37.24 25 10,69 | 6.64 28.98 | 981.22 0.0 (0
2020-12-28 28.17 | 82.71 3.89 | 39.0 5 971 6.03 28.98 | 981.22 000
2020-12-29 28,17 | 82.71 2913724 23 B.74 | 5.43 28.98 | 981.22 0010
2020-12-30 30.12 | 86.22 291 | 37.24 2 971 | 6.03 28.98 | 981.22 0.010
2020-12-31 30.12 | 86.22 2.91 | 37.24 22 874543 29.0 | 982.19 0010
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Table 2. Climatic Data for December 2020 in Zaria, Nigeria [17].

Temperature

Max Temperature

Avg Temperature

Min Temperature

Dew Point

Dew Point

37.89°C (100.2°F)

22.34°C (72.21°F)

5.83°C (42.49°F)

35.1°C (95.18°F)

29.05°C (84.29°F)

19.81°C (67.66°F)

2.1°C(35.78°F)

32.06°C(89.71°F)

26.23°C(79.21°F)

17.49°C (63.48°F)

-0.97°C(30.25°F)

Precipitation

Precipitatior 0.0mm | Oir 0,0mm

Snowdepth 0.0mm | Our 0.0mm

Wind

Sea Level Pressure

Temperature: The maximum, average, and minimum
temperatures in the region are important factors for solar dryer
operations. High average and maximum temperatures (35.1°C
and 37.89°C) are ideal for solar drying as they provide ample
heat for the drying process. The minimum temperature
(32.06°C) is relatively warm, ensuring that the drying process
can continue even during the cooler nights.

Dew Point: The dew point represents the temperature at
which air becomes saturated and moisture starts to condense.
The average dew point of 2.1°C indicates low humidity,
which is favorable for drying processes. Low humidity means
faster and more efficient drying.

Precipitation: The region experiences very low precipitation
throughout the year, with an average of 0.0mm. This is
excellent for solar drying, as rain can hinder the process. Low
precipitation minimizes the risk of rehydration, which is
important for preserving the quality of dried products.

Snow Depth: The absence of snow is favorable for solar
drying. Snow can block access to solar radiation and lower
temperatures, which are not conducive to drying.

Wind: Wind speed plays a role in the drying process. It can
help remove moisture from the drying area, improving drying
efficiency. The average wind speed of 9.9kmh is within a
reasonable range for solar drying, while gusty winds of
17.14kmh can help accelerate the process.

Sea Level Pressure: Sea level pressure, indicated as 0.0mb,
doesn't provide much information, but it's not typically a
critical factor in solar drying operations.

The climatic conditions provided, with high temperatures,
low humidity, minimal precipitation, and moderate wind
speeds, are generally favorable for solar drying operations.
These conditions promote efficient and effective drying
processes, making the region suitable for using solar dryers in
various agricultural and food processing applications.
However, local conditions and variations should still be
considered when designing and operating solar dryers to
optimize their performance.

2. SOLAR DRYER MODELS
Solar dryers epitomize the fusion of technology and
sustainability by harnessing the inexhaustible energy of the
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sun, minimizing the use of fossil fuels and electricity in the
preservation process [18]. This reduction in energy
consumption not only lowers operational costs but also
substantially reduces the carbon footprint associated with
food preservation.

In many parts of the world, especially in remote and
economically disadvantaged regions, solar dryers have
proven to be transformative. They empower local farmers and
communities, providing them with a means to preserve their
harvests, thereby reducing post-harvest losses and improving
food security. These technologies also serve as economic
catalysts, creating opportunities for income generation and
entrepreneurship [19].

As climate change continues to disrupt weather patterns and
pose threats to food security, solar dryers are proving to be
essential tools for adapting to these challenges. Their ability
to function efficiently in diverse climatic conditions, coupled
with their affordability, makes them vital in building
resilience against the vagaries of a changing climate.

The United Nations Sustainable Development Goal of
achieving Zero Hunger by 2030 remains a formidable task.
However, solar dryer models play a pivotal role in realizing
this goal. By reducing food loss, increasing the availability of
nutritious food, and fostering sustainable agricultural
practices, they contribute to the fight against hunger and
malnutrition [20].

The adoption of solar dryer models fits seamlessly into the
framework of the circular economy, where resources are used
efficiently and waste is minimized. In the context of food
production, these dryers help close the loop by ensuring that
the fruits of agricultural labor are preserved and utilized to
their fullest extent. Waste is transformed into value, creating
a sustainable and virtuous cycle.
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Table 3. Models of solar dryer

Solar Dryer Suitable Climatic Diagram
Model Conditions Description
Short wavelength Low convective
Utilizes direct solar radiation heat losses Transparent
Direct Solar Arid and sunny sunlight for Reflected cover
Dryer [21] climates with low | dehydration, ideal s )
humidity for hot and dry { W o ~ Air out
COﬂditiOﬂS “*. ~ ; Wavglength
radiation
Crop
Airin
? chimescy
Uses a solar SN - ! _
Indirect Solar Areas with collectortoheat | o || f-~--?---« =T
Dryer [22] variable weather | air, providing more \ ----- TR T~ tray
conditions. control over the Glas Wall ) A
d - ~~ wpe Hoat insulation
rying process. ~
Suitable for
. . . . t— Metal support
regions with mixed =35
weather patterns.
N \
Solar collector Hout msulasion
e. l o vt
Combines solar =
Greenhouse Locations with drying with a
Solar Dryer [23] fluctuating greenhouse
temperatures and structure to
humidity. maintain a
controlled
environment for
drying crops and
vegetables.
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Solar Tunnel
Dryer [24]

Regions with
extreme
temperature
variations

Employs a long,
insulated tunnel to
ensure a stable
drying
environment.
Effective in areas
with significant
temperature
fluctuations.

Solar-Biomass
Hybrid Dryer [25]

Areas with limited

sunlight during
certain periods

Combines solar
and biomass
heating for
consistent drying,

Solar-Assisted
Heat Pump Dryer

suitable for regions s g st T e
with changing
E—
seasons.
Stand
= |
Al Inkoy
Uses solar energy
Locations with to assist a heat ot s
7 ol

high humidity and

pump for efficient
drying, making it

Solar Desiccant
Dryer [27]

Humid climates
with limited
sunshine

desiccant material
to absorb moisture,
allowing for
efficient drying
even in high
humidity
conditions.

[26] limited sunlight
suitable for humid
regions. ‘ =
%\v-w
fl.)-. during Yun dine D ying during O
hours Ransdune how s
_ -Ik
Employs a S
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2.1 PERFORMANCE EVALUATION OF SOLAR
DRYERS
The performance evaluation of solar dryers is a critical aspect

It allows for adjustments and improvements to be made,
contributing to more sustainable and efficient drying
processes.

of assessing their efficiency and effectiveness in dehydrating
agricultural products. It involves the measurement and
analysis of various parameters to determine how well a solar
dryer operates under specific conditions.
Performance evaluation of solar dryers is essential for
optimizing their operation, ensuring product quality, and
making informed decisions about their suitability for specific
applications.
Table 4. Performance evaluation

Aspect Description
Measures the rate of moisture removal from the product over
time, typically expressed as grams of water removed per hour.

Here is an overview of the key aspects involved in the
performance evaluation of solar dryers

Drying Rate [31]

Assesses the energy efficiency by measuring the energy input

Energy Consumption [32] required for operation, considering electricity or fuel usage.

Evaluates factors like color, texture, flavor, and nutrient

Product Quality [33] retention through sensory evaluation and laboratory tests.

Considers the consistency of moisture removal throughout the

Drying Uniformity [34]

product to prevent over-drying or under-drying.

Drying Time [35]

Measures the duration needed to achieve the desired moisture
content, important for practical applications and scheduling.

Environmental Conditions [36]

Accounts for temperature, humidity, and solar radiation as they
affect drying efficiency.

System Monitoring [37]

Incorporates sensors, data loggers, and measurement devices for
real-time performance assessment and issue identification.

Comparisons with Standards [38]

Evaluates performance by comparing results with industry-
specific guidelines for quality and efficiency.

Economic Analysis [39]

Considers capital and operating costs versus benefits in terms of
reduced post-harvest losses and improved product value.

Maintenance and Durability [40]

Ensures long-term efficiency and reliability through regular

maintenance and durability assessments.

Performance evaluation of solar dryers is essential for optimizing their operation, ensuring product quality, and making informed
decisions about their suitability for specific applications. It allows for adjustments and improvements to be made, contributing to
more sustainable and efficient drying processes.

2.2 IMPACTS OF CLIMATIC VARIABILITY
The impacts of climatic variability on the performance of solar dryers are multifaceted and can significantly influence the efficiency
and reliability of these drying systems. Here are some of the key impacts of climatic variability on solar dryers.
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Table 5. Climatic variability

Impact Description

- High daytime temperatures in the dry season accelerate drying but

Temperature Fluctuations [41] = extreme day-night temperature variations may lead to uneven drying

and moisture reabsorption at night. - Lower temperatures in the wet
season slow down drying.

- Solar dryers rely on low humidity for efficient drying. - Climatic
Humidity Levels [42] variability can lead to fluctuating humidity levels, hindering drying
with high humidity or promoting efficient drying with low humidity.

- Solar radiation is essential for efficient solar drying. - Cloud cover,
Solar Radiation Variations atmospheric haze, and dust affect solar energy availability. Overcast
[43] days or dust storms can reduce solar radiation.

- Distinct wet and dry seasons in regions like Northern Nigeria impact

Seasonal Changes [44] solar drying. Frequent rain during the wet season interrupts drying and

poses risks to drying products. Adaptation to changing seasons is
necessary.

- Microclimates within the region, influenced by factors like altitude
Microclimatic Variations [45] and proximity to water bodies, can influence drying outcomes.

- Solar dryer operators may need to adjust drying parameters, such as

Operational Challenges [46] airflow rates or auxiliary heating, to achieve optimal results under
variable climatic conditions.

Risk of Product - Climatic variability can introduce dust and contaminants, posing
Contamination [47] hygiene and quality risks to the drying product. Protective measures
are essential.

- Backup heating systems or supplementary energy sources (e.g.,
Energy Source Considerations electricity or biomass) may be needed to ensure consistent drying

[48] performance during adverse weather conditions in regions with
climatic variability.

Understanding and addressing these impacts of climatic variability is crucial for optimizing the operation of solar dryers in regions
like Northern Nigeria. It requires a combination of robust dryer design, appropriate operational practices, and the flexibility to adapt
to changing weather conditions. Additionally, the integration of weather forecasting and monitoring systems can aid in making real-
time adjustments to maximize the efficiency and reliability of solar drying processes.

2.3 MITIGATION STRATEGIES
Mitigation strategies are essential to address the impacts of climatic variability on the performance of solar dryers in regions like

Northern Nigeria. These strategies aim to enhance the efficiency and reliability of solar drying processes and ensure consistent drying
outcomes, even in the face of adverse weather conditions. Here are some mitigation strategies.

Table 6. Mitigation strategies

Mitigation Strategy Description
- Optimize dryer design for improved thermal performance. -
Dryer Design and Insulation [49] Utilize double-glazed or insulated drying chambers to maintain

higher temperatures.
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- Install backup heating systems (electric heaters, biomass

Backup Heating Systems [50] burners) for supplementary heat in insufficient solar radiation. -
Use automated controls to reduce energy consumption.
- Implement adaptive control systems to adjust drying

Adaptive Control Systems [51] parameters based on real-time weather conditions for optimized
drying.
- Integrate weather forecasting data for proactive drying
Weather Forecasting Integration [52] scheduling based on expected solar radiation and weather
conditions.
- Install windbreaks and shade structures to protect the dryer
Use of Windbreaks and Shade from winds, dust, and rain, and prevent overheating during hot
Structures [53] days.
- Optimize tray and rack design for better air circulation and
Improved Drying Trays and Racks uniform drying to prevent over-drying or under-drying.
[54]
- Implement monitoring and data logging systems to record key
Monitoring and Data Logging parameters continuously and analyze historical data for trend
[55] identification.
- Pre-treat the product (e.g., blanching or osmotic pre-
Product Pre-treatment treatment) to reduce drying time and energy consumption.
[56]
- Develop drying schedules considering expected climatic
Optimized Drying Schedules conditions, focusing on sunniest parts of the day and avoiding
[57] nighttime drying.
- Provide education and training to operators on mitigation
Education and Training strategies, enabling informed decisions during changing
[58] weather conditions.
- Implement routine maintenance to ensure optimal dryer
Regular Maintenance performance and address issues promptly.
[59]
- Emphasize quality control and product safety measures,
Quality Control and Product Safety especially during periods of dust and contaminants in the air.
[60]

These mitigation strategies are essential for enhancing the efficiency and reliability of solar drying processes, especially in regions
with climatic variability like Northern Nigeria. They contribute to more consistent and reliable drying outcomes, reducing post-
harvest losses and supporting sustainable agricultural practices.

2.4 POLICY IMPLICATIONS

Policy implications and recommendations play a crucial role in harnessing the potential of solar drying technology in Northern
Nigeria. These recommendations can inform government agencies, agricultural organizations, and policymakers about the measures
needed to promote sustainable agricultural practices, reduce post-harvest losses, and enhance food security in the region. Here are
some policy implications and recommendations.

Table 7. Policy implications

Policy Implication Description
- Prioritize investment in solar drying infrastructure with financial
Investment in Solar Drying Infrastructure [61] incentives or subsidies to encourage adoption by farmers and agro-

processing enterprises.
- Allocate resources for research and development to improve solar

Research and Development Support dryer design, efficiency, and adaptability to Northern Nigerian climatic
[62] conditions.
- Establish training programs to build the capacity of users in the proper
Capacity Building and Training use and maintenance of solar drying technology.
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[63]
- Encourage the integration of weather forecasting into solar drying
Integration of Weather Forecasting operations by collaborating with meteorological agencies to provide
[64] timely weather information.
- Develop and enforce quality standards and certification processes for
Quality Standards and Certification solar dryers and dried products to ensure safety and consumer
[65] confidence.
- Provide financial support and incentives, such as grants, low-interest
Financial Support and Incentives loans, or tax benefits, to make solar drying technology accessible to
[66] small-scale farmers and agribusinesses.
- Promote the use of solar energy not only for drying but also for
Promotion of Solar Energy agricultural and rural electrification. Encourage the development of
[67] solar energy infrastructure and grid integration.

These policy implications and recommendations are vital for harnessing the potential of solar drying technology in Northern Nigeria.
They aim to promote sustainable agricultural practices, reduce post-harvest losses, and enhance food security in the region.

Table 8. Recommendation

Description
- Establish regional research centers or hubs specializing in solar drying
technology tailored to Northern Nigerian climatic conditions. These
centers can offer technical support and disseminate knowledge to local
communities.

- Strengthen agricultural extension services to educate farmers and
entrepreneurs on solar drying best practices, including adaptive control
systems and weather forecasting integration.

- Organize innovation challenges and competitions to encourage the
development of cost-effective, innovative solar drying solutions
customized for Northern Nigerian conditions.

- Facilitate market access for dried products by supporting market
linkages, value addition, and product value chain development. Assist
farmers and entrepreneurs in effective marketing of their dried goods.
- Promote climate-resilient agricultural practices, including crop
selection and planting calendars aligned with climatic conditions and
solar drying schedules.

- Foster public-private partnerships to leverage resources and expertise
for promoting solar drying technology. Collaboration with the private
sector can accelerate technology dissemination and innovation.

- Implement a robust monitoring and evaluation framework to assess
the impact of solar drying interventions, track progress, and make data-
driven policy adjustments.

- Develop and implement sustainable energy policies that prioritize the
use of renewable energy sources, including solar, in agriculture and
rural development.

Recommendation
Regional Research Centers

Extension Services

Innovation Challenges and Competitions

Market Access and Value Addition

Climate-Resilient Agriculture

Public-Private Partnerships

Monitoring and Evaluation

Sustainable Energy Policies

These policy implications and recommendations aim to create
a supportive environment for the widespread adoption of solar
drying technology in Northern Nigeria. By addressing the
challenges presented by climatic variability and promoting
sustainable practices, policymakers can contribute to
improved food security, reduced post-harvest losses, and
increased agricultural productivity in the region.

3. CONCLUSION

Amidst Northern Nigeria's climatic complexities, solar drying
technology emerges as a promising, sustainable solution. It
has the potential to enhance agricultural practices, reduce
post-harvest losses, and bolster food security. This research
highlights the importance of understanding regional nuances
in climatic variability, as diverse locations exhibit unique
challenges and opportunities. Mitigation strategies and policy
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. _____________________________________________________________________________________________________________________________|
recommendations are essential to adapt to changing weather

conditions and create an enabling environment for sustainable
agricultural practices. By embracing solar drying technology
and the power of the sun, Northern Nigeria can ensure a
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