
 
 

 
 
 
 

331 
© 2024, IRJEdT Volume: 06 Issue: 12 |Dec-2024 

LIFE CYCLE ASSESSMENT FEASIBILITY OF SOLAR DRYERS 
FOR CARBON CREDIT POTENTIAL 

Koushik V, Karthikeyan P, Roobasri A E, Subramaniyan C 

1Studuent, Dept. of Mechanical Engineering, Bannari Amman Institute of Technology, IN 
2Studuent, Dept. of Mechanical Engineering, Bannari Amman Institute of Technology, IN 

3Studuent, Dept. of Electrical and Electronics Engineering, Bannari Amman Institute of Technology, IN 
4Assistant Professor, Dept. of Mechanical Engineering Bannari Amman Institute of Technology, IN 

 

---------------------------------------------------------------------***--------------------------------------------------------------------- 
Abstract - This study investigates the life cycle assessment 

(LCA), environmental impact, and economic feasibility of 
Solar Tunnel Dryers (STDs) in hot regions, with a focus on 
their potential for generating carbon credits. Solar Tunnel 
Dryers, which harness renewable solar energy for drying 
agricultural products, offer a sustainable alternative to 
conventional drying methods that rely on fossil fuels and 
electricity. The LCA examines the entire life cycle of STDs, 
from material extraction and manufacturing to operation 
and disposal, to quantify their environmental benefits. The 
study compares these benefits with those of traditional 
drying methods, highlighting significant reductions in 
greenhouse gas emissions and energy consumption. 
Furthermore, the economic feasibility analysis evaluates the 
cost-effectiveness of STDs, considering factors such as initial 
investment, operational costs, and product quality. The 
potential for generating carbon credits through reduced 
emissions is also assessed, providing an additional revenue 
stream that enhances the financial attractiveness of STDs. 
The findings suggest that STDs are not only environmentally 
beneficial but also economically viable, particularly in 
regions with high solar insolation. This research supports the 
adoption of STDs as a sustainable and profitable solution for 
agricultural drying, contributing to climate change 
mitigation and rural development. 
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1. INTRODUCTION 
 

Solar energy is one of the most abundant and renewable 
energy sources available, making it a key element in 
sustainable development initiatives. In agricultural regions, 
especially those characterized by high temperatures and 
intense sunlight, the challenge of drying harvested crops is 
of paramount importance. Improper drying can lead to 
spoilage, reduced product quality, and economic losses. 
Traditionally, open-air drying has been the primary method 
used in many rural areas. However, this method is not only 
inefficient but also susceptible to contamination by dust, 
pests, and microorganisms, further reducing crop quality. 

In recent years, solar tunnel dryers have emerged as a 
promising alternative. These dryers harness solar energy to 
provide a controlled environment for drying agricultural 
products, reducing dependence on conventional energy 
sources and minimizing environmental impact. By utilizing 
solar power, these systems not only ensure better quality 
control during the drying process but also significantly lower 
operational costs. Additionally, in the context of global climate 
change mitigation, solar tunnel dryers present an opportunity 
for farmers to reduce their carbon footprint and potentially 
generate carbon credits by replacing traditional drying 
methods that rely on fossil fuels. 

 
This work focuses on the comprehensive analysis of solar 

tunnel dryers in hot regions. Specifically, it examines their life 
cycle from production and use to disposal, evaluates their 
environmental impact, and assesses their economic feasibility. 
A particular emphasis is placed on the potential for carbon 
credit generation, which could serve as an additional economic 
incentive for widespread adoption of these systems. The study 
aims to provide a holistic view of the solar tunnel drying 
technology, addressing its benefits, challenges, and its role in 
sustainable agricultural practices. 

 

1.1 Background of the Work 
 

Drying is an essential step in post-harvest processing, 
particularly in regions where crops such as grains, fruits, and 
vegetables are harvested in bulk. In hot regions, where 
temperatures can soar to levels conducive to rapid spoilage, 
timely and efficient drying is critical to maintaining the 
quality and marketability of agricultural products. 
Traditional open-air drying methods, though cost-effective in 
the short term, have significant drawbacks. These include 
contamination by pests, rodents, and bacteria, uneven 
drying, and susceptibility to weather conditions such as 
unexpected rain or high humidity. 
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Moreover, traditional drying methods often result in 
significant losses, both in terms of quantity and quality. In 
many cases, farmers lose a considerable percentage of 
their harvest to spoilage before it can be sold or stored. 
This not only affects the livelihoods of farmers but also 
contributes to food insecurity in regions already 
grappling with agricultural challenges. The need for an 
efficient, cost-effective, and environmentally friendly 
drying solution is therefore crucial. 

 
Solar tunnel dryers present a viable solution to these 

challenges. By creating a controlled drying environment 
powered by solar energy, they provide a method for 
achieving faster, more efficient drying while minimizing 
the risks associated with traditional methods. These 
systems typically consist of a transparent tunnel, through 
which air heated by the sun circulates, effectively 
removing moisture from the crops inside. The design 
allows for consistent drying, protection from external 
contaminants, and reduced drying times compared to 
open-air methods. 

 
From an environmental perspective, solar tunnel 

dryers represent a significant advancement. Unlike 
conventional drying methods that rely on fuel-powered 
machines, solar dryers have no direct emissions during 
operation. This reduces the environmental footprint of 
agricultural processing and aligns with global efforts to 
reduce greenhouse gas emissions. In hot regions, where 
solar radiation is abundant, the adoption of solar tunnel 
dryers has the potential to greatly enhance the 
sustainability of agricultural practices. 

 

1.2 Motivation and Scope of the Proposed Work 
 

The motivation for this study stems from the dual 
need to improve agricultural efficiency and reduce the 
environmental impact of traditional drying methods. In 
hot regions, where agriculture plays a pivotal role in the 
local economy, improving post-harvest processes can 
have a profound impact on farmers' livelihoods and 
food security. Solar tunnel dryers, with their reliance on 
renewable energy, offer a sustainable solution to these 
challenges. However, despite their potential benefits, 
the adoption of these dryers has been slow. This is 
largely due to the high initial investment required, a lack 
of awareness of their long-term benefits, and 
uncertainty about their economic viability. 

 
This research aims to address these concerns by 

providing a detailed analysis of the life cycle of solar 
tunnel dryers, from production and installation to 
operation and end-of-life disposal. By conducting a life 
cycle assessment (LCA), this study will quantify the 
environmental benefits of using solar dryers compared 
to traditional methods, particularly in terms of energy 
consumption and greenhouse gas emissions. The 
economic feasibility of these systems will also be 

assessed, taking into account factors such as initial costs, 
maintenance, operational savings, and potential revenue 
from carbon credits. 

 
The scope of the proposed work extends to hot regions 

where solar radiation is readily available and traditional 
drying methods are particularly inefficient. In these areas, 
the adoption of solar tunnel dryers could not only reduce 
post-harvest losses but also contribute to the region’s 
economic development by providing farmers with an 
additional source of income through carbon credit 
generation. The ultimate goal of this research is to provide 
a comprehensive assessment that will guide policymakers, 
farmers, and investors in making informed decisions about 
the adoption of solar tunnel dryers in agricultural practices. 

 
Key objectives include: 

 
The main objective of the LCA for the solar tunnel dryer 
is to assess its environmental impact and compare it with 
conventional drying methods (e.g., open sun drying or 
fossil-fuel-based drying). The functional unit for this 
analysis could be defined as “the amount of agricultural 
produce dried per day” (e.g., kg of dried product per day). 

 
2. METHODOLOGY 

 
The methodology for the study "Life Cycle Assessment, 

Environmental Impact, and Economic Feasibility of Solar 
Tunnel Dryers for Hot Regions with Carbon Credit 
Potential" involves several key phases aimed at evaluating 
the sustainability, environmental impact, and economic 
viability of solar tunnel dryers (STDs). 

 

2.1 Life Cycle Assessment (LCA) 
 

Life Cycle Assessment (LCA) is a systematic method 
used to evaluate the environmental impacts associated 
with all stages of a product's life. For a solar tunnel dryer, 
the LCA process helps in identifying the overall 
sustainability of this technology by analyzing its energy 
consumption, material use, and emissions throughout its 
lifecycle. 

 

2.2 ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 
 

The Environmental Impact Assessment (EIA) of a 
solar tunnel dryer focuses on evaluating the 
environmental benefits and potential concerns 
associated with its installation, operation, and long-term 
use. Given that solar tunnel dryers utilize renewable 
energy, their environmental footprint is significantly 
lower than conventional drying methods. 
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2.3 ECONOMIC FEASIBILITY STUDY 
 

The economic feasibility study of a solar tunnel 
dryer evaluates the costs and benefits associated 
with its implementation, operation, and long-term 
economic viability. This analysis is crucial for 
understanding the financial implications and 
determining whether the investment in solar tunnel 
dryers is justified in terms of cost savings, 
operational efficiency, and potential revenue 
generation. 

 

2.4 CARBON CREDIT ANALYSIS 
 

The Carbon Credit Analysis for solar tunnel 
dryers evaluates the potential of these systems to 
earn carbon credits by reducing greenhouse gas 
(GHG) emissions compared to conventional drying 
methods like fossil-fuel-driven dryers. Carbon 
credits are part of international mechanisms such as 
the Clean Development Mechanism (CDM) or 
voluntary carbon markets, where industries and 
businesses can trade credits for reduced emissions. 

 
3. CONCLUSIONS 

 
The life cycle assessment, environmental impact, and 

economic feasibility of solar tunnel dryers reveal 
substantial advantages for agricultural drying in hot 
regions. Unlike conventional drying methods dependent on 
fossil fuels, solar tunnel dryers operate with zero emissions, 
reduce air and land contamination, and offer greater energy 
efficiency. For moisture-rich crops like coconuts, peanuts, 
and curry leaves, solar dryers maintain product quality 
while minimizing resource wastage. The potential for 
carbon credits further boosts the economic viability of solar 
dryers, providing financial incentives to embrace this green 
technology. Thus, solar tunnel dryers emerge as a 
sustainable, cost-effective, and eco-friendly alternative, 
supporting the shift toward low-carbon agricultural 
practices. 

 
Suggestions for Future Work 

For future work, optimizing the design of solar tunnel 
dryers to enhance energy efficiency and heat retention 
could be valuable, potentially through experimenting with 
new materials and structural innovations. Integrating 
automated control systems for temperature and humidity 
regulation could improve drying consistency and product 
quality, with IoT-based monitoring enabling remote control 
and operational insights. Expanding the dryer’s use across a 
broader range of crops with different moisture content 
would help standardize drying profiles for better yields. 
Hybrid systems combining solar power with other 
renewable sources could ensure continuous operation 
during variable weather, enhancing system reliability. 

Finally, a more detailed analysis of carbon credit potential 
across various regions could better inform policy and drive 
adoption of solar tunnel dryers, benefiting agricultural 
sustainability worldwide. 
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