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ABSTRACT 

The study designed and assessed a solar-powered wastewater treatment system tailored for 
purifying agricultural wastewater in urban residential areas. Integrating advanced technologies, 
primarily solar energy-driven, the system aims to effectively remove pollutants to meet discharge
standards. The detailed analysis included wastewater composition, sources and suitable treatment 
processes, with emphasis on comparative feasibility analysis and recommended quality assurance 
measures. The results of the study indicate that solar photocatalytic technology has great potential 
for degrading pollutants and reducing operating costs. The economic analysis showed that the 
technology is financially viable with a payback period of about 4.64 years. The photocatalytic system 
offers a higher level of efficiency and flexibility compared to existing methods. Emphasis is placed 
on implementing quality assurance to meet safety and environmental standards. 
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1. INTRODUCTION 

1.1. Background of Wastewater from Agricultural Productions 

Agricultural activities are the backbone for meeting global demand for food, textile materials and 
energy. However, agricultural activities also produce a large number of by-products, namely 
agricultural wastewater, which is a complex mixture of pollutants that, if left untreated, can cause 
serious environmental problems. Agricultural wastewater is a mixture of various pollutants generated 
by irrigation methods, animal husbandry and crop cultivation methods. These pollutants are diverse 
and include organic matter, nutrients such as nitrogen and phosphorus, pesticides, pathogens, heavy 
metals and sediments [1]. 

The discharge of untreated or inadequately treated agricultural wastewater can have serious 
consequences, casting a shadow of environmental degradation over soils, surface water bodies and 
groundwater reservoirs. Its effects ripple through ecosystem dynamics and pose a serious threat to 
biodiversity and human well-being. These risks are exacerbated by pollutants entering the food chain 
through irrigation canals or runoff pipes and potentially contaminating important drinking water 
sources [1]. In addition, the threat is exacerbated by the excess of nutrients, especially nitrogen and 
phosphorus, leading to eutrophication of water bodies. This phenomenon leads to harmful algal 
blooms that catalyze oxygen depletion and destabilize aquatic habitats and fisheries. In essence, the 
management and purification of agricultural wastewater is an overarching issue that requires a 
multifaceted strategy to mitigate its adverse effects on environmental integrity and human health. 
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Figure 1. Global Agricultural Wastewater Treatment Market Size (Billion $) [2] 

1.2. Application of Solar Energy in Wastewater Treatment 

As an abundant renewable resource, solar energy has gained attention in recent years for its potential 
applications in various fields, including wastewater treatment. Escalating global concerns over water 
scarcity, environmental pollution and energy sustainability have prompted the exploration of 
innovative and sustainable technologies to address these challenges. In this context, the use of solar 
energy to transform conventional wastewater treatment processes into more energy-efficient and 
environmentally friendly alternatives is promising. 

Solar energy can be utilized through various mechanisms, such as photovoltaic panels for electricity 
generation and solar collectors for heat production. In wastewater treatment, solar energy is 
particularly advantageous due to its inherent compatibility with photocatalytic and photovoltaic 
processes [3]. Photocatalysis is driven by semiconductor photocatalysts such as titanium dioxide 
(TiO2) or zinc oxide (ZnO), 

which use solar irradiation to trigger chemical reactions that degrade organic pollutants and pathogens 
in wastewater [4]. Similarly, photovoltaic systems can power a range of treatment processes, 
including aeration [5], membrane filtration, and disinfection, thereby reducing reliance on grid power 
and minimizing operating costs. 

 

 

Figure 2. Concept of the solar energy-driven wastewater and seawater distillation[3] 
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The application of solar energy in wastewater treatment has several significant benefits. First, it 
provides a sustainable renewable energy source [3], thus reducing greenhouse gas emissions and 
mitigating the environmental impacts associated with conventional energy sources. In addition, solar-
powered treatment systems can be decentralized to enable wastewater treatment at the site or 
community level [5], especially in remote or off-grid areas where centralized infrastructure is limited 
[5]. In addition, solar-powered processes can improve treatment efficiency and reliability as they are 
less susceptible to fluctuations in grid power supply and operational interruptions. 

1.3. Overview of Photocatalytic Processes in Wastewater Treatment Domain 

The implementation of photocatalytic reactions in wastewater treatment offers a promising avenue 
for achieving sustainable and efficient purification processes. Photocatalysis utilizes the energy of 
photons to initiate a chemical reaction and typically employs semiconductor materials as catalysts [3]. 
In recent years, this approach has gained attention for its potential to address key challenges in 
wastewater transformation. 

The photocatalytic process offers unique advantages for wastewater treatment based on the 
advantages of solar energy as previously described. By utilizing solar irradiation, photocatalysis 
promotes catalyst activation, thereby accelerating the degradation of organic pollutants and 
converting harmful pollutants into benign by-products. 

 

 

Figure 3. Mechanism of the photocatalytic action of a TiO2 sample in wastewater treatment[3] 

 

In wastewater treatment, photocatalytic reactions play a crucial role in breaking down various 
pollutants found in water. When semiconductor photocatalysts like titanium dioxide (TiO2) or zinc 
oxide (ZnO) are exposed to sunlight or artificial light, they become energized, creating electron-hole 
pairs. These charged particles then interact with substances on the catalyst's surface, leading to the 
breakdown of organic pollutants and the oxidation of inorganic contaminants. 

Organic pollutants like dyes, pharmaceuticals, and volatile organic compounds (VOCs) are 
particularly prone to degradation through photocatalytic processes [6,7]. As a result of photocatalytic 
oxidation, these pollutants break down into safer compounds like carbon dioxide and water. Likewise, 
inorganic contaminants such as heavy metals and pathogen can also be altered or immobilized on the 
surface of the photocatalyst, reducing their ability to harm the environment [7]. 
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Figure 4. Schematic diagram of a photocatalysis-based wastewater treatment system [7] 

 

The transformation of pollutants in wastewater through photocatalytic reactions is a sustainable and 
environmentally sound method of water purification. By utilizing solar energy, photocatalytic 
technology provides a pathway for the effective removal and degradation of pollutants, ultimately 
producing cleaner water that can be reused or discharged into the environment. 

2. PROBLEM STATEMENT AND RESEARCH AIMS 

2.1. Problem Statement 

The agricultural sector generates a significant volume of wastewater containing various pollutants, 
posing environmental challenges and necessitating effective treatment methods. Traditional 
wastewater treatment techniques may prove insufficient in addressing the diverse composition and 
scale of agricultural wastewater pollution. In this context, the application of photocatalytic processes 
in agricultural wastewater treatment presents a promising avenue. However, there remains a need for 
comprehensive research to evaluate the feasibility, efficiency, and practical implementation of 
photocatalysis in treating agricultural wastewater. 

2.2. Research Aim: 

The aim of this study is to investigate the efficacy and feasibility of employing photocatalytic 
processes for the treatment of agricultural wastewater, focusing on insert specific type of agricultural 
wastewater. This research aims to: 

(1) Analyze the components of the chosen agricultural wastewater, identifying their origins, pathways, 
and pollutants using suitable measurement tools. 

(2) Devise a suitable treatment method tailored to the selected agricultural water/wastewater, 
explaining the reasoning behind the choice and comparing its pros and cons. 

(3) Assess the practicality of the proposed treatment method, considering factors like space, finances, 
and potential implementation sites. 

(4) Ensure that the treated wastewater adheres to quality standards for release into natural water 
bodies by confirming pollutant levels within acceptable limits and specifying necessary equipment 
for measurement and oversight. 
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Through these research objectives, this study attempts to provide valuable insights into the application 
of photocatalytic processes for the treatment of agricultural wastewater, with the ultimate goal of 
mitigating environmental pollution and promoting sustainable agricultural practices. 

3. METHODOLOGY AND PROGRAM DESIGN 

3.1. Scenario Selection of Wastewater Treatment 

Situated in the picturesque Hahndorf region of South Australia, Beerenberg Farms is an outstanding 
example of sustainable farming practices, with over 183 years of experience in growing quality fruit 
and vegetables. The family-owned business has an unwavering commitment to environmental 
stewardship and has earned a reputation for its careful farming methods and high quality food 
production [8]. 

 

 

Figure 5. The location of Beerenberg Farm on Google Maps 

 

The Berenberg Farm covers a vast area and grows a variety of fruits such as strawberries, raspberries, 
tomatoes and other seasonal produce [9]. Through a harmonious combination of tradition and 
innovation, the farm not only maintains the vitality of the land, but also strives to provide fresh, 
nutritious produce to discerning consumers both locally and internationally. 

 

 

Figure 6. Agricultural and secondary by-products from Beerenberg Farm [10] 
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However, like many of its counterparts in the agricultural sector, Berenberg Farms has faced multiple 
challenges in wastewater management along with accolades and achievements [9]. In response to the 
urgent need for wastewater management, Berenberg Farms is ready to embark on a transformational 
journey towards sustainable solutions. This report aims to utilize the innovative potential of 
photocatalytic technology to implement a tailor-made agricultural wastewater treatment system at the 
farm. 

3.2. Agricultural Wastewater Detection and Quantification 

To comprehensively analyze the composition of wastewater from Beerenberg Farm, we will conduct 
a thorough examination of the farm's agricultural processes as outlined on the Beerenberg Farm 
website [9, 10]. This investigation aims to identify the main crops grown, cultivation techniques 
employed, and potential sources of contaminants in the wastewater. Sampling surveys and 
consultations will be our primary methods for gathering data [9]. We'll collect water samples from 
various locations across the farm, including irrigation systems, drainage channels, and processing 
facilities. Moreover, insights from discussions with farm managers and workers will enhance our 
understanding of agricultural practices and contamination sources [10]. To measure different 
parameters accurately, we'll utilize specialized detection equipment. Water quality sensors will assess 
pH, electrical conductivity (EC), and turbidity [11], while spectrophotometers will analyze Chemical 
Oxygen Demand (COD), Total Organic Carbon (TOC), Total Nitrogen (TN), and Total Phosphorus 
(TP) [12]. Additionally, gas chromatograph-mass spectrometers (GC-MS) will identify volatile 
organic compounds (VOCs), pesticides, and herbicides, and heavy metals analyzers will detect 
concentrations of lead, mercury, cadmium, and arsenic [12]. Microbiological test kits will evaluate 
bacterial contamination levels [12]. 

 

Table 1. Testing equipment scheme 
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Figure 7. Detector scheme for quantitative analysis of sewage (schematic diagram) 

 

The final results of these efforts will be summarized in a comprehensive report detailing the average 
concentrations and ranges of various pollutants in the Berenberg Farms wastewater. Because the 
study has not yet been fully developed, this report provides only the table design options. 

 

Table 2. Water quality survey results summary table design scheme 

 
Parameter 

Average 
Concentration 

(mg/L) 

Range of 
Concentration 

(mg/L) 

Sources of 
Contamination 

pH X X Agricultural Chemicals, 
   Organic Matter 

EC X mS/cm X - X mS/cm Fertilizers, Soil Leaching 
Turbidity X NTU X - X NTU Sediments, 

Suspended Solids 
COD X mg/L X - X mg/L Organic Matter, Pesticides 
TOC X mg/L X - X mg/L Organic Matter, Fertilizers 
TN X mg/L X - X mg/L Fertilizers, Animal Waste 
TP X mg/L X - X mg/L Fertilizers, Soil Erosion 

VOCs X g/L X - X g/L Pesticides, Herbicides 
Heavy Metals X mg/L X - X mg/L Fertilizers, Soil Contamination 

Bacterial 
Contamination 

X CFU/mL X - X CFU/mL Animal Waste, Soil Contact 
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3.3. Scheme Design of Agricultural Wastewater Purification by Photocatalysis 

3.3.1. Research Status and Industrial Experience of Wastewater Purification by 
Photocatalysis 

Before the scheme design, this paper firstly investigates and summarizes the technical status and 
industry experience. 

Numerous studies have explored the use of photocatalysis for purifying wastewater in different 
industries. These studies aim to understand how photocatalytic reactions work, improve the materials 
used as catalysts, and make the process more efficient. Researchers have investigated the kinetics and 
thermodynamics of photocatalytic degradation, which helps to understand how these reactions 
happen and what factors affect their effectiveness. Advances in nanotechnology have led to the 
development of new photocatalysts that work better and last longer. Materials like titanium dioxide 
(TiO2), zinc oxide (ZnO), and other metal oxides have been studied extensively for their potential in 
treating wastewater. Researchers have also used techniques like doping and adding co-catalysts to 
change the properties of photocatalysts, making them perform better under different conditions. 

 

Table 3. List of catalysts used for degradation of pollutants [13] 

 
Catalyst 

 
Authors 

 
Target Pollutants 

Degradation 
Efficiency (%) 

DG@Fe3O4 Wang et al. 
(2019) 

Methylene blue 99 

 
Composite catalyst 
of Fe3O4 

Zhang et al. 
(2015), S. 
Sun et al. 
(2019) 

 
Methylene blue 

 
96.88 

Fe-C/PTFE Y. Sun et al. 
(2019) 

2,4-DCP 95 

 
Fe-C/TiO2 

Zhang et al. 
(2020) 

 
Aflatoxin B1 

 
95 

CuO/SiO2 Ghasemi et al. 
(2019) 

Rhodamine B (RhB) 99 

CuVOx Elhalil et al. 
(2018) 

Fluconazole 91.3 

Cu-Fe-NLDH Lu et al. 
(2019) 

Gentamicin 98.9 

Mg-ZnO.Al2O3 T. Zhang et al. 
(2019) 

Caffeine 95 

TiO2/biochar Y. Zhang et al. 
(2019) 

Methyl orange 96.88 

Fe2O3/ATP Zhang et al. 
(2015) 

Methylene blue 95 

Fe3O4@β-
CD/MWCNT 

Zhang et al. 
(2020) 

Tetrabromobisphenol A 97 

 

Moreover, studies have examined how photocatalytic processes can be combined with various 
treatment methods like adsorption, membrane filtration, and advanced oxidation processes (AOPs) 
[13, 16]. Researchers have investigated the synergistic effects when photocatalysis is integrated with 
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these complementary techniques, aiming to enhance pollutant removal efficiencies and overcome the 
limitations associated with each method [13, 17]. 

 

 

Figure 8. Photocatalytic solution for wastewater from murcia farm in Spain [16] 

 

Figure 9. A schematic diagram of Photo-catalyst of TiO2 process [17] 

 

In addition to its academic applications, photocatalytic wastewater treatment has gained significant 
traction within industrial sectors. Various industries, such as pharmaceuticals, textiles, and food 
processing, have integrated photocatalysis into their wastewater treatment methodologies. 
Specifically designed photocatalytic reactors are now being utilized on an industrial scale to address 
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effluents contaminated with organic pollutants, dyes, and hazardous chemicals [13, 18, 19]. Through 
case studies and pilot-scale demonstrations, valuable insights have been gleaned regarding the 
practical implementation of photocatalytic processes in real-world contexts. Industrial experience 
underscores the critical nature of process optimization, reactor design, and catalyst selection in 
achieving both cost-effective and sustainable wastewater treatment solutions [18, 19]. 

 

 

Figure 10(a). PMR utilizing photocatalyst in suspension: irradiation of the membrane module [19] 

 

Figure 10(b). PMR utilizing photocatalyst in suspension: irradiation of the feed tank [19] 

 

Figure 10(c). PMR utilizing photocatalyst in suspension[19] 

 

What’s more, combining photocatalysis with renewable energy sources such as solar energy and 
ultraviolet (UV) irradiation has attracted attention as a means to improve process sustainability and 
reduce energy consumption. Industrial applications have shown that decentralized wastewater 
treatment using solar photocatalytic reactors is feasible in remote or resource-limited areas [18, 19]. 

3.3.2. Design of Photocatalytic Purification Process for Agricultural Wastewater from 
Beerenberg Farm 

To design an agricultural wastewater photocatalytic purification scheme suitable for Beerenberg Farm, 
It’s needed to consider the climatic conditions, land availability, as well as the composition and 
volume of wastewater in the area. Based on the research findings, this report proposes to adopt a 
process using TiO2 photocatalyst for wastewater purification. Here is a brief description of the 
proposed scheme: 
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1) Overview: 

The system is expected to occupy approximately 3000 square meters of land, which is of moderate 
scale and sufficient to handle the agricultural wastewater generated by a medium-sized farm. The 
system will primarily rely on solar energy as its power source, thus requiring ample sunlight in the 
region. Additionally, the setup may necessitate a water source for replenishing evaporative losses and 
maintaining system operation. To ensure continuous operation during overcast conditions or at night, 
the installation of solar energy storage batteries can be considered to provide electricity as needed. 

 

 

Figrue 11. Photocatalytic sewage treatment system planning site 

 

2) Equipment and Functions: 

 Photovoltaic Panels: These panels will collect solar energy and convert it into electricity to power 
the entire system. 

 Solar Reactor: This is the core component of the system, containing suspended TiO2 photocatalyst 
and wastewater. The reactor is designed to maximize the illuminated surface area to enhance 
photocatalytic efficiency. 

 Stirrer: Used to ensure uniform distribution of TiO2 photocatalyst in the wastewater, enhancing 
reaction rates. 

 Filtration System: Employed post photocatalytic reaction to remove suspended TiO2 particles and 
other solid impurities. 

 Ultrafiltration Membrane: Used for further water purification, removing potentially incompletely 
degraded pesticide residues and other particles. 

 Water Storage Tank: Storing treated water for subsequent quality testing. 

 Control Unit: Monitors the operational status of the system, including parameters such as light 
intensity, temperature, pH, and water level. 
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Table 4. Wastewater treatment system design proposal for Beerenberg Farm -Equipment table 

Equipment Function Size Estimated Price 
Photovoltaic Panels Solar energy conversion Varies $3,000 - $5,000 
Solar Reactor Photocatalytic reaction 10m x 5m $20,000 - 

$30,000 
Stirrer Catalyst distribution Varies $500 - $1,000 
Filtration System Solid impurity removal Varies $4,000 - $60,000 
Ultrafiltration Membrane Further 

purification 
 
Varies 

 
$10,000 - 
$12,000 

Water Storage Tank Water storage and reuse Varies $2,000 - $3,000 
 
Control Unit 

System 
monitoring and 
regulation 

 
Standard size 

 
$1,000 - $3,000 

  Total $40,500 - 
$53,000 

Prices for sewage treatment systems are provided by MDC WATER Limited, please refer to the 
website: https://waterfilter.net.au/ultrafiltration/ 

 

The design of the entire system aims to achieve efficient, low-cost, and environmentally friendly 
agricultural wastewater treatment. By harnessing solar energy and TiO2 photocatalyst, the proposed 
scheme can effectively degrade organic pollutants in wastewater, thereby reducing environmental 
impact and providing a sustainable water reuse method for agricultural purposes. Furthermore, 
through proper design and operation, the system can be easily scaled up or down to meet the needs 
of farms of varying sizes. 

 

 

Figure 12. Wastewater treatment system design proposal for Beerenberg Farm -Schematic drawing 

3.3.3. Technical Economy and Feasibility Analysis 

In the development of agricultural wastewater treatment plans, conducting technical and economic 
analyses, as well as calculating payback periods, are essential steps. These evaluations help assess 
the financial feasibility and sustainability of the proposed plans, offering crucial insights for decision-
makers [20,21]. Technical and economic analyses play a key role in determining both the overall 
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costs and benefits of the proposed plans. By examining expenses related to equipment, materials, 
energy, and labor, we can understand the total investment required [20]. Additionally, evaluating the 
advantages of the plan, such as reducing water pollution and enhancing water resource utilization 
efficiency, aids in assessing its economic viability. 

The payback period calculation is a key aspect of both technical and economic analyses, signifying 
the duration needed to recoup expenses and commence earning profits from the investment [21]. A 
shorter payback period implies a more appealing scheme, enabling investors to swiftly attain a return 
on their investment. Consequently, by computing the payback period, this project can evaluate the 
rate of return on investment, thereby offering insights for investment decisions. 

 

 

Figure 13. Calculation formula of payback period [21] 

 

The economic feasibility and viability of the proposed photocatalytic wastewater treatment system 
for the Berenberg farm was evaluated through technical and economic analyses, including 
calculations of the payback period. 

Based on the given estimates, including an initial investment of $53,000, yearly operating expenses 
of 5%, and an annual discharge of 12,000 cubic meters of organic wastewater, as reported on 
Beerenberg Farm's official website [9, 10], coupled with an assumed 85% efficiency in purification 
and reuse, an economic analysis was undertaken. 

The table below summarizes the key calculations: 

 

Table 5. Return current calculation sheet of the project 

Calculation Item Calculation Formula Result 

Wastewater Treatment Revenue Wastewater Volume x Treatment Cost $53,000 
Annual Wastewater Volume Annual Volume x Utilization Rate 10,200 m^3 
Wastewater Treatment Cost Wastewater Volume x Treatment Cost $25,500 
Annual Net Profit Treatment Revenue - Operating Cost $22,850 
Payback Period Initial Investment / Annual Net Profit 4.64years 

 

According to the analysis, the project is expected to break even in about 4.64 years. This suggests 
that investing in a photocatalytic wastewater treatment system at Beerenberg Farm is financially 
viable and has the potential to generate returns in a relatively short period of time, making it an 
attractive option for sustainable agricultural wastewater management. 
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3.3.4. Comparison with Existing Wastewater Treatment Schemes 

Aerobic lagoons represent the primary method of agricultural wastewater treatment in many farms 
across Southern Australia, including Beerenberg Farm [22]. These lagoons, which are large, shallow 
ponds, facilitate the treatment of wastewater through aerobic microbial activity. They serve as natural 
or man-made basins where aerobic bacteria decompose organic matter [22, 23]. Oxygen, essential for 
this process, is either naturally supplied through atmospheric diffusion or by mechanical aeration 
systems. Furthermore, the shallow depth of the lagoon allows sunlight to penetrate, encouraging algae 
photosynthesis, which contributes to oxygenation and nutrient removal. Due to their cost-
effectiveness and low maintenance requirements, aerobic lagoons are widely favored for wastewater 
treatment in agricultural settings [23]. 

 

 

Figure 14. Atypical aerobic lagoon for sewage treatment [23] 

 

Table 6. Comparison of Photocatalytic and Aerobic Lagoon Wastewater Treatment Methods 

Aspect Photocatalytic Treatment Aerobic Lagoons 
 
 
Treatment 
Efficiency 

- Effectively degrades organic 
pollutants and pathogens. 
<br> - Can target specific 
contaminants. 

- Relies on microbial activity, may not effectively 
remove all 
contaminants. <br> - Treatment efficiency can vary 
depending on environmental conditions. 

 
 
Energy 
Requirement 

- Requires electricity for 
operation. <br> - Relatively low 
energy consumption. 

 
- Minimal energy input required. <br> - Relies on 
natural processes. 

 
Land 
Requirement 

- Requires moderate land area for 
installation of equipment. 

- Requires large land area for construction of 
lagoons. 

 
 
Maintenance 

- Regular maintenance 
required for equipment such as 
reactors and filtration 
systems. 

 
 
- Minimal maintenance required. 

 
 
Operating Cost 

- Higher initial investment. <br> - 
Operational costs 
include electricity and maintenance. 

 
- Lower initial investment. <br> - Operational costs 
mainly include electricity for aeration. 

 
Treatment Time 

- Generally faster treatment time. - Treatment may take longer due to reliance on 
microbial activity. 

 
 
Flexibility 

- Can be adapted to different scales 
and configurations. 
<br> - Suitable for 
decentralized treatment. 

 
- Limited flexibility, typically 
suited for large-scale applications. 
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Aerobic lagoons, although effective, have limitations, especially in terms of treatment efficiency and 
adaptability to different pollutants. Although they can effectively degrade organic matter, they may 
not adequately treat specific pollutants or pathogens in agricultural wastewater [23]. In addition, the 
reliance of digesters on natural processes means that treatment efficiency can be affected by 
environmental factors such as temperature and sunlight. 

On the other hand, photocatalytic systems for treating agricultural wastewater provide a focused 
method for eliminating pollutants [14, 15, 17, 18]. These systems utilize photocatalysis to break down 
various organic pollutants and pathogens efficiently, offering superior treatment effectiveness when 
compared to aerobic lagoons. Nonetheless, they entail greater upfront costs and ongoing expenses 
due to the need for electricity to power the equipment and regular maintenance requirements. 

3.3.5. Quality Assurance Program for Treated Wastewater 

According to the Australian wastewater quality management guidelines (2022), it is crucial to 
guarantee the quality of treated wastewater from photocatalytic purification processes before 
considering it safe for human reuse [24]. Specific standards must be met by treated agricultural 
wastewater to ensure safety and environmental sustainability, including parameters like chemical 
oxygen demand (COD), biological oxygen demand (BOD), total suspended solids (TSS), pH levels, 
and the absence of harmful pathogens [25]. 

 

 

Figure 15. Australian wastewater quality management guidelines [24] 

 

Photocatalytic treatment systems must effectively reduce concentrations of organic pollutants, 
pathogens, and other contaminants to meet these standards. Regular monitoring and testing of treated 
wastewater is an important part of a quality assurance program. This includes sampling and analyzing 
treated wastewater to verify compliance with regulatory requirements and to ensure that it does not 
pose a hazard to human health or the environment. In addition, robust disinfection measures may be 
necessary to further safeguard the quality of treated wastewater before it is reused for purposes such 
as irrigation or groundwater recharge. 
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Table 7. Standards and guidelines for reuse of treated wastewater [25] 

 

 

A range of measurement devices is used to ensure that treated wastewater meets quality standards. 
These instruments include spectrophotometers, which assess chemical parameters like COD and 
BOD, turbidity meters for measuring TSS levels, and pH meters to monitor acidity or alkalinity [24, 
25]. Furthermore, microbial testing equipment, such as incubators and culture media, can be utilized 
to detect harmful pathogens. These devices are essential for accurately evaluating treated wastewater 
quality, ensuring it is safe for reuse in agriculture or environmental discharge. 

These types of testing equipment is the same as the equipment in "3.2Agricultural wastewater 
detection and quantification", which can be found in the previous report for reference. 

4. CONCLUSION 

This study showcases the promising application of solar photocatalytic technology in treating 
agricultural wastewater, especially in environments like Beerenberg Farm. This technology offers a 
green and cost-efficient solution by employing TiO2 photocatalysts and solar reactors to effectively 
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degrade pollutants and pathogens while minimizing reliance on conventional energy sources and 
operational expenses. Economic analysis demonstrates the system's viability, with an estimated 
payback period of around 4.64 years. In comparison to conventional methods such as aerobic lagoons, 
it exhibits superior treatment efficiency and adaptability. To ensure compliance with standards, a 
quality assurance plan involving regular monitoring and testing with spectrophotometers, turbidity 
meters, pH meters, and microbial testing equipment is imperative. In summary, solar photocatalytic 
systems present an innovative and sustainable strategy for agricultural wastewater treatment, 
contributing to environmental sustainability and paving the way for future advancements. 
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