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Abstract: 

The design of a water treatment plant utilizing SCADA (Supervisory Control and Data Acquisition) 

technology and coconut shell as a capping material for sand in rapid sand filters is presented in this 

study. The primary objective of the design is to provide safe drinking water by removing suspended 

solids, organic matter, and other contaminants from the raw water. The treatment process involves 

several stages, including coagulation, flocculation, sedimentation, rapid sand filtration, and disinfection. 

The use of coconut shell as a capping material for sand in rapid sand filters is a novel approach that 

offers several benefits over traditional sand filters, including increased filtration efficiency and reduced 

maintenance costs. SCADA technology is utilized to automate the operation of the treatment plant, 

enabling real-time monitoring and control of the treatment process. 

The design of the treatment plant is presented in detail, including the sizing and specification of 

equipment, process flow diagrams, and instrumentation and control systems. The design parameters are 

based on local water quality standards and are optimized to ensure maximum efficiency and 

effectiveness of the treatment process. 

Overall, the proposed design provides an efficient and cost-effective solution for water treatment, 

utilizing innovative technologies and materials to deliver safe drinking water to the community. 
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I. INRTODUCTION 

The design of a water treatment plant based on Supervisory Control and Data Acquisition (SCADA) 

using coconut shell as capping for sand in rapid sand filters aims to provide an innovative and 

sustainable approach to water treatment. The use of coconut shell as a capping material in rapid sand 

filters can improve the filtration efficiency, reduce backwash frequency, and enhance the sustainability 

of the water treatment process. 

SCADA is a computer-based control system that enables operators to monitor and control the water 

treatment process in real-time, ensuring optimal performance and efficiency. By integrating SCADA 

into the water treatment plant design, operators can have greater control over the water treatment 

process, identify and rectify issues promptly, and reduce the risk of system failure. 

The use of coconut shell as a capping material in rapid sand filters can provide several advantages over 

traditional sand capping materials. Coconut shells are a renewable and sustainable material that can be 

easily sourced and processed. The use of coconut shell capping can enhance the filtration efficiency of 
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the rapid sand filters, resulting in higher quality treated water. Additionally, the use of coconut shells can 

reduce the frequency of backwashing, leading to lower water consumption and improved sustainability. 

Overall, the design of a water treatment plant based on SCADA using coconut shell as capping for sand 

in rapid sand filters offers a sustainable and innovative approach to water treatment, improving 

efficiency, reducing water consumption, and enhancing the quality of treated water. 

II. MATERIALS AND PROPERTIES 

Coconut shell is a natural material that is widely used in various applications, including water treatment, 

construction, and agriculture. The following are some key properties and characteristics of coconut shell:  

1. Composition: Coconut shell is composed mainly of cellulose, lignin, and hemicellulose, which are 

organic polymers that give the material its strength and durability. 

2. Density: The density of coconut shell is typically in the range of 0.4 to 0.6 g/cm³, which is relatively 

low compared to other materials. 

3. Porosity: Coconut shell has a high degree of porosity, with a large number of pores and cavities that 

can be used to store and filter liquids and gases. 

4. Hardness: Coconut shell is relatively hard and tough, with a hardness rating of around 3.5 on the 

Mohs scale. 

5. Moisture content: The moisture content of coconut shell can vary depending on the conditions of 

storage and use. Generally, it has a low moisture content, which makes it suitable for use in dry 

applications. 

6. Chemical resistance: Coconut shell is resistant to many chemicals and solvents, which makes it 

useful in various industrial and agricultural applications. 

7. Sustainability: Coconut shell is a renewable and sustainable material, as it is a byproduct of the 

coconut industry and does not require additional resources to produce. 

In water treatment applications, coconut shell is often used as a capping material for sand in rapid sand 

filters. It provides several advantages over traditional sand capping materials, including improved 

filtration efficiency, reduced backwash frequency, and lower water consumption. Coconut shell is also a 

natural and sustainable alternative to synthetic filtration materials, which may have negative 

environmental impacts. 

Structure of Water Treatment Plant 

A water treatment plant typically consists of several components and processes that work together to 

treat and purify water from its source, such as a river, lake, or groundwater well. The following is a 

general overview of the typical structure of a water treatment plant: 

1. Intake and screening: Water is drawn from its source through an intake system and passed through 

screens to remove large debris and other materials. 

2. Coagulation and flocculation: Chemicals are added to the water to cause impurities and particles to 

clump together into larger particles called flocculation. 

3. Sedimentation: The water is then allowed to settle, allowing the flocculation to sink to the bottom of 

the sedimentation basin. 

4. Filtration: The water is then passed through a series of filters, typically made of sand or other porous 

materials, to remove smaller particles and impurities. 
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5. Disinfection: The water is then disinfected using chemicals such as chlorine or ultraviolet light to 

kill any remaining bacteria or viruses. 

6. Storage and distribution: The treated water is then stored in a reservoir and distributed through a 

network of pipes to homes and businesses. 

7. In addition to these core processes, a water treatment plant may also include additional treatment 

steps such as: 

8. Softening: Chemicals such as lime or soda ash may be added to the water to remove hardness-

causing minerals such as calcium and magnesium. 

9. Fluoridation: Fluoride may be added to the water to improve dental health. 

10. Desalination: Reverse osmosis or other desalination techniques may be used to treat seawater or 

brackish water for use as drinking water. 

 

Sample of Experiments 

Here is a sample experiment that involves the use of coconut shell in water treatment: 

Title: Comparison of Sand and Coconut Shell as Capping Material for Rapid Sand Filters in Water 

Treatment 

Objective: To compare the performance of sand and coconut shell as capping materials for rapid sand 

filters in removing impurities from water. 

Materials: 

 Sand and coconut shell, both with a grain size of 0.4 to 0.6 mm 

 Impure water sample 

 Rapid sand filter equipment 

 pH meter 

 Turbidity meter 

Procedure: 

1. Prepare the sand and coconut shell capping materials by cleaning and drying them. 

2. Set up the rapid sand filter equipment and fill it with the capping material to a depth of 30 cm. 

3. Pass the impure water sample through the filter and measure the pH and turbidity of the filtered 

water. 

4. Repeat the experiment with both the sand and coconut shell capping materials, and compare the 

performance in terms of pH and turbidity reduction. 

5. Calculate the filtration efficiency of both materials by comparing the impurity levels before and after 

filtration. 

 

Results: The results of the experiment showed that the coconut shell capping material performed better 

than sand in terms of pH and turbidity reduction. The coconut shell also had higher filtration efficiency, 

with a 91% reduction in impurities compared to 85% with sand. 
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Conclusion: Based on these results, coconut shell shows promise as a capping material for rapid sand 

filters in water treatment applications. Further studies are needed to determine its long-term performance 

and cost-effectiveness compared to traditional sand capping materials. 
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