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Abstract 

Water scarcity is a pressing issue globally, affecting both urban and rural communities due to 

overexploitation of groundwater and surface water resources. Rainwater harvesting (RWH) has 

emerged as a sustainable solution to address water scarcity challenges. This review paper focuses on 

the feasibility and benefits of implementing RWH systems on national highways, Expressways. The 

paper discusses the techniques, benefits, and challenges of road rainwater harvesting, emphasizing its 

role in groundwater replenishment and drainage management. The study highlights the importance of 

optimizing RWH design and implementation to achieve efficient water management and 

environmental sustainability. 
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I. Introduction 

Water scarcity is a critical global issue exacerbated by urbanization, industrial development, and 

agricultural expansion. Conventional water sources are insufficient to meet rising water demands, 

necessitating the exploration of alternative water management strategies. Rainwater harvesting (RWH) 

has gained prominence as a sustainable approach to conserve water and replenish groundwater. 

Rainwater harvesting involves the collection, treatment, and storage of rainwater for various purposes. 

It offers advantages such as improved water quality, groundwater recharge, and reduced dependence 

on conventional water sources. RWH systems can be implemented at individual and community levels 

to address water scarcity challenges effectively. 

 

II. Challenges and Solutions: 

➢ Growing Demand: The global population is increasing rapidly, leading to higher demand for 

freshwater for various purposes such as agriculture, industry, and domestic use. 

➢ Climate Change: Changes in precipitation patterns, prolonged droughts, and increasing 

temperatures due to climate change are affecting water availability in many regions. 

➢ Pollution: Water pollution from industrial discharge, agricultural runoff, and improper waste 

disposal further reduces the usable freshwater resources, making it challenging to meet clean water 

demands. 

➢ Infrastructure Deficiencies: Inefficient water management infrastructure, including aging pipes 

and leaky distribution systems, leads to water losses and exacerbates scarcity issues. 

➢ Geographical Disparities: Some regions face acute water scarcity due to geographical factors 

like arid climates, while others experience challenges due to mismanagement and overexploitation of 

water resources. 

➢ Minimizing Water Scarcity using Road Rainwater: Road rainwater harvesting is an innovative 

approach that can help mitigate water scarcity challenges by capturing and utilizing rainwater runoff 

from roads and pavements. Here's how it can be done effectively. 

➢ Capture Systems: Implementing well-designed catchment systems along roads and pavements 

can capture rainwater effectively. These systems can include gutters, drains, and storage tanks to 

collect and store rainwater. 
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➢ Filtration and Treatment: Since road runoff may contain contaminants like debris, sediment, 

and pollutants, implementing filtration and treatment processes are crucial. Technologies such as 

sedimentation tanks, filters, and disinfection systems can be integrated into the rainwater harvesting 

infrastructure. 

➢ Storage and Distribution: Rainwater collected from roads can be stored in tanks or reservoirs 

and then distributed for various non-potable uses such as irrigation, landscaping, and industrial 

processes. Proper storage capacity planning is essential to ensure a reliable supply during dry periods. 

➢ Integration with Green Infrastructure: Combining road rainwater harvesting with green 

infrastructure elements like permeable pavements, bioswales, and rain gardens can enhance water 

absorption, reduce runoff, and improve overall water management in urban areas. 

➢ Policy Support and Awareness: Governments and local authorities play a crucial role in 

promoting road rainwater harvesting through policies, incentives, and public awareness campaigns. 

Encouraging adoption in construction projects and providing subsidies can accelerate its 

implementation. 

➢ Monitoring and Maintenance: Regular monitoring of rainwater harvesting systems, 

maintenance activities such as cleaning filters and inspecting storage facilities, and addressing any 

issues promptly are essential for optimal performance and longevity of the infrastructure. 

By adopting road rainwater harvesting techniques and addressing associated challenges effectively, 

communities can contribute to sustainable water management, reduce reliance on traditional water 

sources, and mitigate the impacts of water scarcity.  

 

III. Techniques of Water Harvesting Along Roads: 

Various techniques can optimize water harvesting from roads, including collection structures, 

diversion methods, discharge systems, and protection measures. Combining these techniques with road 

design parameters can maximize water storage and utilization efficiency. Following are the researches 

which have been reviewed for effective road rain water harvesting.The amount of rainfall that may be 

collected is determined by the drainage characteristics of the pavement construction. Different 

pavement thicknesses are empirically assigned to various drainage coefficients. In addition to the 

properties of the pavement material and its thickness, the study took into account the climate, the type 

of traffic, and other factors. The less water drainage there is, the thicker the layer is. Today, the entire 

country uses empirically based designs. However, a poor drainage system causes the road to collapse 

at an early stage. To manage road drainage, suitable design, building, and maintenance practices must 

be used. (George Kollaros et. al,2017) 

Road system of drainage consists of cost-related variables, and drainage work durability is influenced 

by the building material used, how it was transported, how civil works were built, and how they were 

maintained. Numerous drainage systems, including practically all varieties, are being worked on. The 

output of the work aids in the development of guidelines for the design of affordable and long-lasting 

drainage systems (Nasyiin Faqih et. al. 2020). Recent advances in RWH include regionalization of 

design curves, use of spatial technology, urban agriculture, arid-region water supply, multi-criteria 

analysis, and application of artificial neural networks (Alberto Campisano 2017).The method was 

simple and direct, with minimal treatment of collected rainwater. Rainwater harvesting has several 

benefits, including conserving water resources, reducing pollution, controlling flooding, and 

mitigating the effects of climate change. Climate change has led to extreme weather events like 

droughts and floods, impacting water resource availability. Rainwater harvesting is seen as a solution 

to cope with these challenges in many regions worldwide. Rainwater quality can be affected by 

contaminants washed from surfaces, and treatment may be required for potable uses. For non-potable 

uses, treatment may be less stringent (Ghanashyam Khanal et. al. 2020). 

 

IV. Benefits of Road Rainwater Harvesting: 
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Road rainwater harvesting offers numerous benefits, including increased storage capacity, reduced 

surface runoff, and improved water quality. It provides a sustainable water source for irrigation, 

livestock, construction, and domestic use. RWH systems on national highways can mitigate flood 

hazards, reduce soil erosion, and enhance groundwater quality. 

 

V. Conclusion 

Implementing RWH systems on national highways requires addressing challenges such as cost-

effectiveness, maintenance requirements, and environmental impact. Solutions involve integrating 

RWH into road infrastructure design, optimizing drainage systems, and promoting community 

engagement. Road rainwater harvesting is a sustainable approach for drainage and groundwater 

replenishment, offering socio-economic and environmental benefits. Further research and optimization 

of RWH designs are essential for widespread implementation and long-term water security. 

 

Recommendation 

Based on the review, it is recommended to conduct detailed hydrological studies, pilot projects, and 

awareness campaigns to promote road rainwater harvesting. Collaboration between government 

agencies, researchers, and local communities is crucial for successful implementation and maintenance 

of RWH systems on national highways. 
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