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Introduction  
 

Water is a precious commodity in the Palestinian territories, and it is becoming more 

valuable every day as climate change brings longer and more significant droughts to the area. 

The region, located within the Jordan River basin and neighboring Israel and Jordan, has some of 

the scarcest renewable water resources per capita in the world, with average water usage rates of 

72 L/capita/day (PWA, 2011), well below the average water consumption of 166 L/capita/day in 

Israel (Rosenthal and Katz, 2010) and the World Health Organization (WHO) minimum standard 

of 100L/capita/day (Atallah, 2008). In addition, as water demand continues to grow, the current 

depletion and recharge rate of water resources is deemed environmentally unsustainable, 

intensifying the water scarcity issue in the region in years to come. Exacerbating the problem is 

the hydropolitical dynamics between Israel and Palestine, with Israel controlling most of the 

common water supply while limiting access to water for Palestinians.  

 

What is Greywater? 
 

Greywater is wastewater that is generated in homes in laundry, dishwashing, and bathing. 

It is later discharged, after treatment, for irrigation, making it useful for agricultural productivity. 

Throughout our fieldwork, we witnessed how a biological, horizontal flow bed constructed 

wetland (HFB CW) functions to treat greywater and for use in irrigation in an individual 

household in Dar Salah (Figure 1). In this particular example, greywater is collected from the 

household in a primary settling tank where large particles may separate out, then passes through 

various treatment tanks that contain bacteria, soil, gravel, and plants to filter out and break down 

organic matter. After the wastewater passes through these tanks, it flows into a discharge tank 

containing a chlorinator, which is used to kill remaining bacteria (Figure 2). The fully treated 

greywater is then used to irrigate backyard plants, in this case, a za’taar garden. This horizontal 

flow bed constructed wetland system, installed by the Arava Institute and funded by USAID, 

generates adequate volumes of irrigation water and offers several financial benefits to the client 

(Little, 2014). The goal of the Arava Institute is to implement these greywater systems in 

multiple homes in a community, as well as scale up the capacity of these systems to a larger, 

pond-based, free surface flow model (Figure 3). 
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Figure 1. Model of the Arava Subsurface Horizontal Flow Bed Constructed Wetlands 

 
 
Figure 2. The Subsurface Horizontal Constructed Wetland system located in a home in Dar Salah in the West Bank. 

 
 
Figure 3. A large-scale, pond-based, Free Surface Flow Horizontal Constructed Wetland system we observed at the 

Aqaba Water Company in Jordan. 
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Benefits of Greywater 
 

From an environmental standpoint, greywater lessens pollution by reducing the overall 

volume of wastewater that leaves the household, the transportation for which costs money. This 

has the potential to also reduce the volume of pooled, stagnant wastewater in cesspits, which in 

turn shrinks the available breeding ground for mosquitoes. This is critical because mosquitoes 

are the world’s deadliest disease vector and put the entire population at risk (Gates, 2014). The 

reclaimed water can then be used for irrigation, reducing the demand for freshwater irrigation 

and lowering the water bill. This aspect makes it especially beneficial for off-the-grid 

communities with limited water access by enabling independence from the inconsistent, 

centralized water supplies. 

 

Project Objective 
 

The objective of this report is to present alternatives to commercialize the implementation 

and scaling of greywater treatment systems in off-the-grid communities in the West Bank. The 

report first explores two different business models that would allow for for-profit project 

expansion, with particular focus on the economic considerations of greywater reuse for 

agricultural production in off-the-grid communities. Further, the report describes the current 

legal environment and provides suggestions for legal framework reform. Lastly, the report 

analyzes the important public health considerations that must be taken into account when 

implementing greywater treatment systems.  

 
Figure 4. Palestine West Bank Regional Location 
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Greywater Expansion Through Two Business Models  

Problem Identification 
 

One way to alleviate the water scarcity in the region, and to avoid further contamination 

of shared water resources, is the use of treated wastewater as an additional source of water, 

primarily for agricultural purposes. This was identified as a priority in the Palestinian National 

Water Policy in 2012, however, there are many political, economic and social obstacles that 

make it difficult to successfully implement this policy at the national level. With only 31% of the 

population in the West Bank’s Palestinian territories, our primary area of study, connected to a 

centralized wastewater treatment plant (PWA, 2011), the country currently lacks an adequate 

wastewater collection network and treatment infrastructure. As a result, a great deal of water is 

wasted instead of treated and recycled in the region every day. This deficiency of existing 

infrastructure, combined with the high costs of building and operating new centralized 

wastewater treatment facilities as well as political barriers hampering transboundary 

coordination, makes a centralized approach to wastewater management and recycling an 

attractive long-term solution. 

 

That being said, decentralized wastewater infrastructure and management approaches 

have the potential to achieve significant impact in the short-term in areas with inadequate water 

infrastructure and political complexities (Lipchin, 2014). In the case of the Palestinian territories, 

where the majority of the population is not connected to wastewater treatment plants, 

decentralized small scale black/grey1 wastewater treatment systems provide an opportunity to 

increase the water supply at the local community level for use in agriculture, freeing expensive 

potable water for other purposes such as consumption and bathing. Israel, which treats and reuses 

almost 90% of its wastewater, would also benefit from the enhanced wastewater treatment, as it 

would result in a significant reduction of untreated sewage making its way into transboundary 

streams and groundwater resources. The mutual benefits derived from a decentralized, bottom-up 

approach, can help build a platform for expanded collaboration in the long-term, when a more 

robust centralized wastewater management approach can be undertaken. 

 

Recognizing the benefits decentralized wastewater treatment systems can bring to the 

community, and given that it avoids major political and regulatory involvement due to its 

localized and small-scale nature, the use of these systems has been on the rise in the West Bank 

and surrounding areas. As of 2010, there were over 700 such systems in the Palestinian 

territories according to a study by the Spanish Agency for International Development, with the 

majority of these systems, if not all, built and funded by Non-Government Organizations (NGO) 

and International Aid Agencies. The motivation of these organizations has been primarily driven 

by the social and environmental aspects of these projects, and their work is well received in the 

region as it is seen as an effort to build the State (Alharmoosh et al., 2014). There are drawbacks 

to this funding and system management process though, as it relies heavily on external funding 

and may not be sustainable in the long-term due to global economic conditions and shifting 

priorities of donors. 

                                                 
1 Greywater is wastewater typically generated from household’s sinks, showers, clothes washing machine and dishwashers.  

Blackwater is wastewater from toilets. 
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The commercialization and creation of businesses to provide installation and maintenance 

services, as well as funding, is the next step to implement a long-term sustainable effort around 

decentralized small-scale wastewater treatment in the Palestinian territories. A commercial for-

profit approach, instead of a non-profit one, will enhance the ability to scale and replicate 

wastewater treatment projects without a dependence on charitable outside financial resources and 

the uncertainty that comes along with NGO and International Aid Agencies funding. It will also 

encourage the communities undertaking these projects to look at the economic aspects of these 

projects, and not only its socio-political and environmental aspects. By having a financial stake 

in the projects, communities will be incentivized to improve the management of the systems, and 

commercial providers will be incentivized to make more efficient use of their resources, which 

differs greatly from the current model. 

 

Decentralized v. Centralized  
 

There are different considerations when considering building and implementing a 

centralized or decentralized wastewater treatment plant. While centralized treatment plants are 

built to serve entire municipalities and counties, decentralized systems can be built to serve a 

single household to a small village. Almost all developed countries, if not all, have an integrated 

water resource management approach to manage their water resources and sewage networks, 

including centralized wastewater treatment plants. This approach is undertaken as the water 

resources, and the potential threat that untreated wastewater presents to public health, are 

considered a public good and service. However, even though pursuing a comprehensive and 

integrated approach to water and sewage management may be an objective of all countries, it is 

not always feasible, especially in countries where there are political complexities and a lack of 

infrastructure to implement it. 

 

Centralized wastewater treatment plants are usually big scale projects that require high 

initial investments and operation and maintenance costs. The primary cost drivers of such 

treatment plants are the sewage network infrastructure, which channels the household wastewater 

to the desired location, and the construction of the facility itself. In addition, the cost of the 

treatment facility is dependent on the treatment process that is selected, as some are more 

technologically and energy intensive than others. Research of the cost of centralized treatment 

plants has shown that up to 80% of the total investment cost is spent building the sewer network, 

while the remaining 20% is spent on the treatment facility itself (Ho and Anda, 2006) 

Furthermore, centralized plants have high operational and maintenance costs due their large size, 

the need of trained staff to oversee it, and high-energy requirements to run the equipment. 

Overall, economies of scale are seen in centralized systems, but also diseconomies of scale are 

found with deep sewerage networks needed over long distances that require additional 

infrastructure (Ho and Anda, 2006). 

 

In analyzing the costs needed for these types of treatment plants, our team performed a 

comparative assessment of the initial investment and operational and maintenance costs of 

centralized and decentralized facilities in the Palestinian territories. The costs of 6 centralized 

plants that have been constructed, or that are in the process of construction, in the region were 
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compared to the costs of 7 decentralized systems in the same region. For this assessment, 

decentralized plants are assumed as having a daily wastewater treatment capacity lower than 500 

m3/day. The analysis shows that the average investment costs of the centralized plants in 

Palestine is $33.5M, with average operation and maintenance costs of $1.8M per year. In 

comparison, decentralized plants have average investment costs of $88K, with average operation 

and maintenance costs of $13K per year. Figure 5 provides a comparison summary of the 

average and per unit costs of the centralized and decentralized facilities that were analyzed 

(Appendix A and B show the full data used for the analysis). 

 
Figure 5. Summary of centralized and decentralized treatment plant costs in the Palestinian West Bank 

 
 

The costs of these centralized and decentralized treatment plants were also assessed in 

comparison to their total capacity, measured by m3/day, and the total population they serve. This 

assessment gives a per unit measure to more effectively compare their cost structures and 

efficiencies. This analysis shows that centralized plants have average initial capital costs of 

$3,945 per m3/day of capacity, and average cost per person served of $630. In comparison, 

decentralized systems have average costs of $3,238 per m3/day of capacity and $322 per person 

served. In contrast, the average unit costs of operation and maintenance for centralized plants are 

$0.60 per m3 of treated water, and $34 per person served. The unit average costs for the same 

operational component on decentralized plants is $1.35 per m3, and $48 per person served. This 

analysis shows that on average, decentralized systems have lower average investment costs per 

unit of capacity and population served, while they have higher operations and maintenance costs 

for similar unit measurements. Similar to centralized plants, nevertheless, economies of scale 

exists in decentralized plants; that is, the higher capacity and population it serves the lower the 

per unit costs will be. 

 

As shown in the cost analysis, decentralized wastewater treatment systems can be more 

cost effective than centralized plants. Decentralized systems have lower absolute investment and 

operational costs, an advantage for faster system implementation and network externalities. On 

the other hand, the large absolute capital and operational costs of centralized systems may be a 

big burden for governments that want to build these public service infrastructures, and are part of 

the reason why such systems are lacking in many developing countries. Furthermore, 

decentralized systems can be built in stages, unlike centralized ones, which make them easier to 

scale up when the need arises. Another qualitative benefit of decentralized systems is the 

resiliency they have against political and logistical barriers. This is a big consideration in the 

Palestinian territories, as political conflict can paralyze, and even destruct, large facilities that are 

run by the government. Lastly, decentralized treatment plants have an extra benefit of allowing 

the reuse of water on-site, and which households and villages can use to irrigate their crops, 

lowering potable water consumption and adding another possible source of revenue. 
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Business Model Selection  
 

Given this preference for a decentralized greywater treatment system, it is imperative to 

decide on a potential business model that provides the greatest benefit for both the affected off-

grid communities and private sector providers. While there are a number of possible business 

model structures that could be implemented to provide this service, we focused on two models 

that have been widely used under similar circumstances with successful results: microfinance 

(Rinne and Moyer, 2012) and third party management2. Below, both business models, as they 

would function in this context, are described: 

 

Option 1: Microfinance  
 

Under a microfinance model, a microfinance organization would provide the upfront 

capital to install a community-scale greywater treatment system through a long-term loan to the 

community. While a third party firm (e.g. engineering or water management provider) will be 

needed for much of the installation process, once the system is built, it will largely be the 

responsibility of the community members to manage the system. Over multiple years, the 

community members would repay the microfinance organization through monthly installments. 

In order to achieve economic sustainability, the combination of cost savings on reduced water 

usage and increased agricultural production as a result of pooled resources and business support 

would have to provide the members of the community with a financial benefit that would 

outweigh the cost of the installment payments. The value chain for this proposed business model 

is displayed in the table/diagram below: 

 
Figure 6. Microfinance Value Chain 

 

 

Option 2: Third Party Management 
 

Under a third party management business model, a third party company would finance 

and install its own greywater system in off-grid communities. Unlike the microfinance model, 

                                                 
2 Examples include: USAID’s Ghana WASH Project, Sarvajal Water ATMs 

Bank / 
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to finance 

system 

Installs 
greywater 

system 
 

Off-Grid 

Community 

System  

Manager 

Uses treated water 

for agriculture; sells 

crops to market 

Local customers 
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increase community 
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Community members repay microfinance organization in a 

series of monthly installments 

http://ghanawashproject.org/water/water-kiosks/
http://www.sarvajal.com/#sarvajal
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following installation this third party would retain all control over the system, including 

maintenance, operations, and staffing. Once operational, households within the community 

would pay a monthly bill to the third party company based on the amount of treated greywater 

that they had used in that month. As a result, the community members would benefit from the 

reduced water usage. This model would essentially function as a small-scale version of a public 

utility, but without a private company playing the role of a government-sponsored water 

authority. The value chain for this proposed business model is displayed in the table/diagram 

below: 

 
Figure 7. Third Party Management Value Chain 

 

Business Model Comparison  
 

In order to distinguish which of these two potential business models is more favorable for 

the given circumstances, we analyzed six key attributes that will determine the success of the 

program. Based on the needs of the West Bank off-grid communities and research of similar 

projects, we were able to assign weights and scores to each attribute to facilitate our evaluation. 

The weights are based on the projected importance of each attribute on the program’s success 

and the scores are derived from each business model’s strength in each category. The six 

attributes are listed below, organized by the business model with the highest score in each, 

followed by a summary table of all scores and weights.  

 

Key Benefits: Microfinance 

Community Engagement/Ownership 
 

With difficulties in maintenance and care presenting some of the greatest obstacles to 

success of decentralized water treatment systems, the microfinance business model aims to 

overcome that obstacle by giving the community complete ownership of the system. This 

ownership keeps the community engaged in the success of the treatment system in two ways. 

First, by having a significant financial investment in the system, community members are 

incentivized to remain engaged in the system’s performance and output through regular and 

thorough maintenance. Second, since many of the community members will participate in the 

installation and maintenance of the system, there will be greater knowledge of the system’s 

design and function as well as a greater sense of attachment to the system. This high level of 

engagement will be necessary for the success of such a program. 

Third Party 

Company 

System 

Manager 

Off-Grid 
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Market 
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water used 
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Throughout our research, stakeholders from similar projects regularly emphasized the 

value of community engagement in creating a successful community-based program. 

Additionally, lack of engagement was often cited as the key flaw to a number of failed projects. 

For those reasons, we decided to give community engagement the highest weight of our six 

attributes. 

Incentive Alignment 
 

Since financial returns will be difficult to project, it is important that the financing source 

for such a project is not solely driven by return on investment. While a for-profit provider may 

have that single objective if obtaining a return on investment, microfinance organizations often 

carry the dual incentive of financial returns and social value creation. This dual incentive 

structure is well aligned with the goals and incentives of the affected communities. 

This attribute is clearly very important for the success of a program, but it offers less potential 

risk than community engagement, giving it a slightly lower weight. 

Business Support 
 

This business model is especially helpful to the community because it not only provides 

much needed greywater treatment, but it also provides support and efficiencies in agricultural 

development. One source of this support comes from the microfinance organization, which 

would provide industry expertise and training, as is common in microfinance arrangements. 

Additionally, the community’s output would greatly benefit from the pooled resources and 

knowledge-sharing that would result from shared agricultural space.  

Since the business support provided to the community is an added benefit of the microfinance 

structure, but not an essential step in the process, it received the lowest weight of the three key 

benefits of microfinance. 

 

Key Benefits: Third Party Management 

Lack of Complexity 
 

Unlike the microfinance model, the third party management model only requires one 

external provider for financing, installment and management. This simplified model would only 

necessitate coordination between the third party firm and the community members, preventing 

many potential complications that could come along with incorporating a separate financing arm. 

While the third party management model would certainly simplify the process, this attribute can 

be easily overcome through effective management. Thus, we determined that lack of complexity 

would receive the lowest weight of all of the attributes. 

Financial Flexibility 
 

Since the community would only be paying only for their use of the treatment system, 

they would not carry the burden of repaying the cost of installment. As a result of this financial 

structure, households would have increased flexibility in their financial payments, giving them 
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the ability to fluctuate usage based on demand and household economic circumstances. In 

communities with disparate agricultural needs and economic factors, this flexibility could 

provide a very important benefit. 

 

In low-income communities, such as the off-the-grid communities in the West Bank on 

which we are focused, financial flexibility will clearly be a very important aspect of the project. 

Given the small amounts of disposable income, and as a result, low margin for error, financial 

flexibility will have a great impact on the communities’ willingness to participate in the program. 

For those reasons, we assigned the second highest weight to financial flexibility. 

Training and Management 
 

By keeping all of the management and maintenance of the treatment system within the 

third party provider, the need to train community members on how to manage the system would 

be eliminated. This would likely ensure a high quality of management and potentially more 

efficient and cost-effective oversight of the system.  

 

While this is certainly a helpful efficiency provided by the third party system, it is 

unlikely that the extra cost of training and management will make the microfinance model 

infeasible. Given that low risk, this attribute received a fairly low weight in our calculations. 

 
Figure 8. Weighted Scorecard Comparison 

 
Weight 

Score (1-10) 

Microfinance Third Party 

Community 
Engagement/Ownership 

22% 9 3 

Incentive Alignment 19% 7 4 

Business Support 17% 8 4 

Lack of Complexity 7% 5 8 

Financial Flexibility 20% 3 9 

Training and Management 15% 5 8 

 
TOTAL SCORE 6.37 5.66 

 

As the scorecard displays, our analysis indicates that the microfinance business model is 

preferred under these circumstances. It is important to note that given the qualitative nature of 

these attributes, the scoring and weighting is fairly subjective and based on general assumptions. 

That being said, such a framework can be applied on a case-by-case basis. Given varying local 

needs and market characteristics, weighting and scoring can be adjusted accordingly for specific 

communities. 

 

Technical Overview  
 

There are many types of greywater treatment systems available today, ranging from high-

tech bio-reactor systems to low-tech systems that simply imitate the water purification processes 
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that occur naturally. Similar to large-scale centralized wastewater treatment plants, greywater 

treatment systems apply physical, chemical, or biological processes, or a combination of these, to 

treat the greywater. In a physical treatment system, greywater is filtrated using a granular 

medium to remove pollutants in the water. In a chemical treatment system, chemical reactions 

are induced to decompose water contaminants. On the other hand, biological processes use 

bacteria present in the greywater to digest the organic contaminants. Systems using these 

different treatment technologies vary in complexity, performance, and costs; three key 

parameters for successful project. 

 

One of the most widely used greywater treatment systems around the world is the 

constructed wetland (CW). CWs are “engineered systems, designed and constructed to utilize the 

natural functions of wetland vegetation, soils and their microbial populations to treat 

contaminants in surface water, groundwater or waste streams” (Hoffmann and Winker, 2011). 

CW systems, which can treat greywater for restricted agricultural production, use a variety of 

physical and biological processes to treat the water. In addition to being a robust low-tech system 

that takes advantage of natural processes, these systems can be implemented at relatively low-

costs and have low operational requirements, which makes them ideal for use as decentralized 

onsite greywater systems. For these reasons, CW should be considered as one of the preferred 

systems for implementation in the West Bank. 

  

Various types of CW systems have been developed, and are classified according to their 

water flow regime, as either free water surface flow (FWS) CW or subsurface flow CW. 

Subsurface flow CWs are designed to keep the water level below the surface of the filter bed, 

while surface flow CWs have the water above the filter bed. Subsurface flow CWs are more 

effective than FWS CWs as they have higher treatment performance per area (Hoffmann and 

Winker, 2011), thus requiring less space. Subsurface flow CWs are further classified by the 

primary direction of the water flow through the treatment media, as either horizontal flow bed 

(HFB) or vertical flow bed (VFB) systems. Figure 9 and 10 provide an example of a HFB and a 

VFB subsurface flow CW, respectively. The different design configurations of CWs can be 

combined with each other to form hybrid systems that exploit the specific advantages of the 

different systems (Hoffmann and Winker, 2011). 

The major components of a CW are inflow and outflow collection tanks, gravel treatment 

tanks, plastic pipes, valves, sand, gravel, and pumps if necessary. Additional equipment is 

needed to use the treated effluent for irrigation, such as flexible hoses and water drip valves. To 

lower the cost of the system, it is important to design it in such a way that it is gravity-fed, thus 

reducing the number of pumps, which are costly, require power to operate, and adds to the 

maintenance costs of the overall system. The amount of material required would depend on the 

size of the system, which is driven by the required capacity for the system. In turn, the number of 

people it serves, the organic loading, hydraulic load, and system oxygen input and consumption 

determines the required capacity. 
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Figure 9. Cross-section of HFB Subsurface Flow CW. Water flows from right to left through the treatment media. 

(Source: AIES) 

 
 
Figure 10. Cross-section of a VFB Subsurface Flow CW. Water is evenly distributed on the top surface so that all of 

the treatment media is used as the water trickles down (Source: AIES) 

 
 

Even though CWs have many benefits, they also have a few drawbacks that present 

obstacles for implementation in many areas. One of the main issues with CWs is smell 

emanating from the system. There will always be some odor from these types of systems, given 

the use of greywater and its biological process treatment, but it can get very unpleasant if the 

systems is overloaded and poorly operated. This problem has been one of the major complaints 

with the systems currently installed in the region. Another obstacle for the use of CW is the high 

space requirement compared to other systems, which limit its use in most urban situations. The 

large area required for these systems also add to the overall costs of the system, as more land 

needs to be bought or leased. Figure 11 gives approximate design values for area requirement for 

subsurface flow CWs in different climate conditions.  

 
Figure 11. Approximate area per person for subsurface flow CWs (Source: Hoffmann and Winker, 2011) 
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A third obstacle that sometimes prevents the successful operation of a CW is the 

“quality” of the greywater inflowing into the system. CWs are very sensitive systems that use a 

natural process to filter the water, and any solids, chemicals, or greases can affect this process. 

To prevent this, pre-treatment of the greywater may be needed by using filter screens and grease 

traps, which increases the cost and complexity of the system. Yet, more important is the change 

in behavior that may be needed at the household level to prevent certain chemicals reaching the 

system, and which can only be prevented by a change in the consuming/disposal patterns. For 

example, regular chemical washing detergents will degrade the operation of a CW system, and 

should be changed for organic detergents that are better for the operation of the system. A 

change in consuming patterns could prove tricky for some, but in many areas it is not a matter of 

changing their behavior; they just do not have access to these products, which would be an 

obstacle for the successful implementation of a CW system. 

 

CWs offer many benefits because of its low-cost, low-tech, and low maintenance 

requirements, and they are well suited to the climate and conditions in the West Bank (Little, 

2014). However, there are many other greywater technologies that exist out there that could also 

be used, and the evaluation of all the particular factors and sustainability indicators associated 

with each case should be done before deciding on a particular system or technology.  

 

System Management  
 

Under the microfinance business model, proposed in the earlier “Business Model 

Selection” section, the community must increase their agricultural production and make a greater 

profit from sales of their products by utilizing the installed greywater system. As mentioned 

before, some communities in the off-grid areas are currently provided with a greywater system 

funded by charitable grants. In the microfinance model, however, these communities will be 

receiving loans to subsidize the payment for a new treatment system. Therefore, the combination 

of cost savings on reduced water usage and increased agricultural production as a result of 

pooled resources and business support would have to provide the members of the community 

with a financial benefit that would outweigh the cost of the installment payments. 

 

In this model, the community is also responsible for managing the system. It has to 

coordinate the staffing and maintenance of the system. Therefore, various types of business 

functions in addition to microfinancing are required in order to make this a successful business 

model. Since a microfinance organization needs to closely monitor the community members, 

who are borrowers of the small loan, to ensure the members’ solvency, it may be able to play a 

key role in the community by taking leadership of administration of the business model. 

Providing necessary resources to run the greywater system, the microfinance organization can 

also benefit from a more stable and sustainable business environment. To make this happen, the 

microfinance organization may work together with a newly established cooperative organization 

that has multiple business functions and is based in each off-grid community.  

 

Indeed, although not discussed in depth here, it is an option for the community to make 

partnership with other business entities or NGOs that have expertise in each necessary area 

required to run the business model. 
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A Cooperative Organization 
 

The idea of a cooperative organization is an entity that provides marketing and supplying 

services for agricultural products as well as procurement of production materials. The 

cooperative organization will be an effective means to help economic and business development 

with its multi-functionality in the off-grid area to help the community become economically 

sustainable through agricultural production by the greywater system. The cooperative 

organization is supposed to be managed mainly by its members, who should be the community 

members engaging in agriculture, and serves them by improving their quality of life by providing 

necessary services. The primary purpose of the cooperative is to maximize members’ satisfaction 

and convenience, not necessarily financial performance. Therefore, the cooperative organization 

can provide much more locally customized service in the served area and build personal 

relationships, which match the key tenets of the microfinance model of mutual responsibility and 

peer monitoring. Joint liability on the loan, as well as the small-dollar amounts per household, 

will provide a potential a solution for the microfinance organization with regard to collateral 

problems.  

Scope of Functions of Cooperative Organization 

Supplying Service  
 

The cooperative organization will supply members with production inputs such as raw 

materials, fertilizers, chemicals and agricultural and industrial machinery. The organization can 

utilize joint purchasing activities and supply materials at lower prices as a benefit from 

economies of scale. Purchasing agricultural and industrial machinery is a large investment for 

farmers in the off-grid communities. The cooperative organization can purchase the machinery 

or build production facilities on behalf of members and lease it to them. Members can share 

those facilities on a joint use basis and pay fees to the cooperative, minimizing the individual 

cost burden. These kinds of facilities work as indirect financing support and make it easier for 

members to expand their production.  

Marketing Service for Farm Products 
 

Securing sales channels and providing market access to its members will be an important 

function of the cooperative. Joint grading in combination with certification of quality standards 

and joint shipment system of farm products will play an important role. Under a unified standard 

for agricultural production, products are classified into categories based on its quality including 

color, shape, and weight. The cooperative would pay farmers based on the categories in which 

their products were classified. Then, the co-operative will sell those products to local markets 

and retailers. By accessing markets and consumers through cooperative organization’s sale 

channel, it may increases product awareness in the community and surrounding business area, 

which also educates consumers about water reuse. 

 

Marketing services for farm products will contribute to stabilizing farmers’ income and 

let them focus on farming by securing sales channels. Joint grading systems work well with close 

contact with farm guidance services mentioned below. 
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Farm Guidance 
 

The cooperative organization will provide farming guidance for its members engaging in 

the agricultural industry. This service aims to improve their farm management and production 

technologies, which will contribute to maintaining product quality with the joint grading system 

mentioned above and result in increased income from sales of their product by the cooperative’s 

marketing service.  

 

The cooperative may employ professional advisors with expertise in farming or 

experienced members may work for the cooperatives as a contracted or part-time employee. 

Because the business environment and conditions in agriculture are different from ones in other 

industries, small farmers can often struggle with their financing and suffer from other external 

factors outside of their control. Therefore it is highly important for the cooperative and 

microfinance organization to closely monitor the member farmers. Through the farm guidance 

service, the cooperative and microfinance organization can understand the current environment 

and circumstances in the community and provide appropriate advice when appropriate. 

 

Economic Feasibility  
 

In analyzing the economic feasibility of a decentralized microfinance program, we looked 

at the expected economic impact of the greywater system and financing plan on a household 

level in affected communities. As stated earlier, a CW greywater treatment system built to serve 

approximately 50 households would cost an estimated $90,286 in installation costs and $2,414/yr 

in operations and maintenance costs (see decentralized cost assessment, Appendix C and D). 

Thus, with a proposed loan term of five years and a 5% interest rate3, each household would 

need to receive a monthly economic benefit of at least $45 in order to cover the costs of the loan. 

Based on previous trials of comparable greywater treatment systems, an average household in the 

region will likely save approximately $18 each month from reduced water usage. As a result, 

each household will still need to produce an additional $27 in monthly revenue to justify the 

costs.  

 
Figure 12. Monthly Household Cost Breakdown 

$1,791 Community monthly payment 

$45 Household monthly payment (~50 housholds) 

$18 Monthly water savings per household4 

$27 Increase in monthly household revenue to reach break-even 

 

While it provides a helpful benchmark, this $27 incremental revenue target is based on 

the cost structures of similar programs. Under the proposed microfinance business model, there 

are two major opportunities for cost savings as compared to traditional programs. First, 

community members can assist in the labor needed for the system installation, much of which 

                                                 
3 Loan terms are based on comparable water system microfinance loans provided by WaterCredit that offer 24 month terms and up 

to 20% interest rates. Due to the expected useful life of constructed wetlands and greater capital costs, the length of the loans have 

been extended to 5 years, while bringing down the interest rate to 5%. 
4 Findings from Arava Institute’s greywater treatment system in Halhul 

http://arava.org/wp-content/uploads/2013/09/HalhulGreyWaterSystem.pdf
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does not require a sophisticated skillset. If the voluntary help of the community members can be 

used to cover half of the labor needs, costs could be cut by an estimated $19,000 (see Figure 13). 

In addition to the cost savings, community-driven labor provides the added benefit of 

familiarizing the community with the greywater system and creating a sense of engagement and 

investment going forward.  

 
Figure 13. Installation Cost Savings 

 
 

Second, by placing a local entrepreneur in a project management/supervisor role, the 

community can greatly reduce the cost of operations and maintenance over the life of the system. 

While outside expertise would still be needed occasionally, and the project manager would of 

course be paid a salary, this internal staffing structure could produce savings of up to $4,000 (see 

Figure 14). 

 
Figure 14. O&M Cost Savings 

 
With these potential cost savings taken into account, we can recalculate the monthly household 

economics of the loan financing. As seen in the chart below, the adjusted numbers require an 

added monthly economic benefit of at least $17 to obtain financial feasibility for each household.  

 
Figure 15. Savings-Adjusted Monthly Household Cost Breakdown 

$1,388 Community monthly payment 

$35 Household monthly payment (50 housheholds) 

$18 Monthly water savings per household 

$17 Increase in monthly household revenue to break-even 
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Due to a lack of available information regarding the potential revenue generation from 

local markets, it is difficult to assess the viability of reaching this target in the affected 

communities. Further research tracking the household- and village-level economic benefits of 

decentralized greywater treatment systems in the West Bank and surrounding regions is needed. 

 

 

Partner Network  

 

Having the microfinance and cooperative organizations as key players in the proposed 

business model, partnership with other entities both in private and public sectors will make the 

model even more stable and sustainable. In particular, some functions of the cooperative 

organization may be difficult to operate separately by each cooperative in each off-grid area, and 

therefore it would be desirable to have a partnership with other entities with the capability of 

covering a broader geographic area across off-grid areas. 

Considering economical and operational benefits from these types of partnerships, Figure 16 

shows potential interactions among sectors/entities in the proposed business model. 

 
Figure 16. Stakeholder Network 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Implementation Roadmap 

 
Implementing the recommendations provided above on a large scale will require significant 

engagement and buy in from a number of different stakeholders. In order to facilitate that 

engagement, there are some actionable steps that can be taken immediately by environmental 

NGOs like the Arava Institute that are dedicated to providing this region with efficient and 

sustainable wastewater treatment. While an environmental NGO is unlikely to have the capacity 

Private Sector 

• Microfinance 

• Installation 

• Training 

• Local Supplies 

Community 

• System Monitoring 

• Maintenance 

• Produce marketing 

• Conflict Resolution 

• Knowledge building 

NGOs 

• Microfinance 
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• Technical Assistance 

• Monitoring 

• Training 

Government 
• Regulation 

• Funding 

• Technical 

Assistance 
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to execute this program on a large scale, it can provide an important intermediary step of testing 

and promoting such a system. The action plan for this process is described below. 

 

I. LAUNCH A PILOT PROGRAM 

 First, the NGO should identify and recruit a community where a single ~50-household 

pilot program can be implemented. In the absence of a microfinance partner, the NGO 

would likely act as the financing organization, backed by grant funding. While the grant 

may not require repayment, it is recommended that the NGO implement a financing 

system similar to what would accompany a microfinance loan, although over an 

accelerated period of time (for a smaller principal amount). This will allow for the NGO 

to track economic behavior (timely payments, default rates, etc.).  

 

II. CLOSELY MONITOR IMPACT 

 For the first 18 months of the program, the NGO must closely monitor the impact that the 

system has on the community households. The NGO should send a representative to the 

community at least once a month to record the following metrics, among others: 

 Effluent water purity testing 

 Agricultural income 

 Water savings 

 Maintenance requests/costs 

 

 Prior to monthly monitoring, it is important that previous baseline levels for these metrics 

are recorded in order to measure incremental benefits. 

 

 In addition to the above quantitative and technical monitoring, regular meetings should 

be conducted with the local project manager to identify pain points in the process and 

opportunities for improvement. 

 

III. ANALYZE DATA, PACKAGE RESULTS 

 Once the NGO has compiled 12-18 months of data and interviews, it should analyze the 

information and produce a brief document summarizing the findings. Of particular 

importance in this document will be the information regarding the economic impact of 

the program, as this will be necessary to attract investors. 

 

IV. RECRUIT STAKEHOLDERS 

 With the analysis complete, the NGO should submit its findings to potential funders 

(banks and microfinance organizations) who will be able to expand the program on a 

larger scale. 
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While the benefits of decentralized greywater treatment systems seems clear after significant 

analysis, it is the ability to disseminate this knowledge and educate communities in need about 

these benefits that will be the true catalyst to success in providing the region with adequate 

wastewater treatment. This will be a significant challenge, given the political, social, economic 

and geographic obstacles in the area, but continued analysis and research will be able to increase 

awareness throughout the region. We hope that our analysis and recommendations can provide a 

helpful framework to facilitate the growth of decentralized greywater treatment in the West Bank 

and beyond. 
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Legal Analysis  
 

A strong legal framework is important for the enforcement and implementation of 

greywater recycling systems. With a precious commodity such as water, which carries many 

health implications, regulation and oversight is necessary to ensure the safe consumption and 

use. Below, we will discuss the lack of legal regulations in the Palestinian territories and three 

areas around the world, Australia, Singapore, and California, which could be used as models for 

developing a legal framework in the Palestinian territories.  

 

Palestinian Territories  
 

 In 1995, The Olso II Accord split the West Bank into three areas: A, B, C (Selby). Area 

A is 18% of the West Bank and the Palestinian Authority has complete control; this area will be 

the focus of our policy suggestion (Selby). Area B consists of 22% of the West Bank and has a 

mixed legal regime with both Palestinian Authority and Israeli control; Area C which consists of 

the bulk of the West Bank at 60% is under complete Israeli control (Selby). 

The Oslo II Accord also delineated the water management responsibilities of the Israelis and 

Palestinians. Israel was to recognize Palestinian water rights, each side agreed to coordinate 

water management, and a framework of individual responsibility was established (“The Israeli-

Palestinian Interim Agreement on the West Bank and the Gaza Strip”). Article 40 of the Oslo II 

Accord established the Joint Water Committee in order to coordinate water management 

collaboration between the two groups (“The Israeli-Palestinian Interim Agreement on the West 

Bank and the Gaza Strip”). A study in 2013 concluded that the Joint Water Commission is not 

functioning as it is supposed to according to the principles outlined in the Oslo II Accord, and 

that the area would be better off veering away from “cooperation” dialogue (Selby).  

Area A is controlled by the Palestinian Authority which is a self-governing body created by the 

1993 Oslo Accords (“Text: 1993 Declaration of Principles”). The Palestinian Water Authority 

(PWA) manages water and waste in order to pursue the broader goals of food and water security 

for the area (“Goal and Mission”). Economic development is also a goal of the PWA, as they 

realize that agricultural output not only increases food security and overall stability, but to take 

goods to the market presents the opportunity for Palestinians to develop as much of an economy 

as they can given the circumstances.  

 

 As far as greywater legal regulations are concerned in Area A of the West Bank, there are 

none. The legal framework for Area A’s water regulations read more like a constitution than 

laws that govern (Decree No. (14) for the Year 2014). There is a strong focus on rights and the 

organization of the various institutions involved. This lack of regulation provides an excellent 

opportunity to introduce bright-line rules for water quality and greywater systems in residential 

areas for agricultural purposes. 
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Australia 

 A. Systems in place 

  1. Unsewered Areas 
 In unsewered areas local governments are allowed to approve greywater system use. The 

primary sewage system must be approved by the Department of Health (DOH) and installed in a 

size that is able to accommodate the entirety of the sewage intake in the event of a system failure 

or overflow ("Code of Practice for the Reuse of Greywater in Western Australia 2010"). The 

local government must also consider whether the sewage system, that the greywater system will 

divert water flow from, can effectively function on a reduced water flow ("Code of Practice for 

the Reuse of Greywater in Western Australia 2010"). Finally, the local government must ensure 

that kitchen water will not be reused through the proposed GDD but instead sent through a 

grease trap in a GTS ("Code of Practice for the Reuse of Greywater in Western Australia 2010").  

  2. Centralized and Decentralized Systems  
 A popular centralized greywater system is the landscape feature system. This system uses 

native species “trenches” to filter the water ("Code of Practice for the Reuse of Greywater in 

Western Australia 2010"). These systems are attractive to consumers because they are obscure in 

the individual’s back yard ("Reuse of Greywater in Western Australia"). This system is 

connected to the central sewer system incase of malfunction so that there is no risk of pooling or 

overflow of wastewater in the surrounding environment. The centralized system approach, which 

includes a main sewer system, also benefits community gardens because the greywater overflow 

collected from the community can then be used to support a community garden effort ("Reuse of 

Greywater in Western Australia"). 

 

 The decentralized approach is also popular in small Australian communities. These 

systems tend to have lower operational costs that are also often spread out over time or as need 

arises ("Code of Practice for the Reuse of Greywater in Western Australia 2010"). Since these 

systems are focused on a specific community’s needs alone, these systems often function at a 

higher efficiency than larger, centralized systems ("Code of Practice for the Reuse of Greywater 

in Western Australia 2010"). Each system is built to the size needed by the individual 

community and is not intended to process a generalized area of participants ("Code of Practice 

for the Reuse of Greywater in Western Australia 2010"). Systems on commercial premises or 

multi-dwelling properties producing more than 5,000L/day are addressed separately from the 

individual and small community scale systems ("Reuse of Greywater in Western Australia"). The 

DOH assesses these systems under the Guidelines for the Non-Potable Uses of Recycled Water 

in Western Australia ("Code of Practice for the Reuse of Greywater in Western Australia 2010").  

 B. Regulations and Legal Framework  
 The Australian government relies on both the Health Act 1911 and the Health (Treatment 

of Sewage and Disposal of effluent and liquid waste) Regulations 1974 to regulate the 

implementation and use of greywater systems and water recycling practices ("Reuse of 

Greywater in Western Australia"). These laws contain “public health guidelines for developers 

implementing alternative technologies in new urban developments, such as water quality 

measures, maintenance, operation, and monitoring requirements” ("Reuse of Greywater in 

Western Australia"). 
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 In addition, the “Code of Practice for the Use of Greywater in WA 2010” is influential on 

greywater use at the household level. This document sets the standards that are appropriate at this 

level and then leaves the local government responsible for regulating approval of the systems 

that are installed ("Reuse of Greywater in Western Australia"). This document also discusses 

multi-home and commercial level systems. The code not only sets the standards for larger 

systems, but it also defines the agencies that are responsible for regulation and approval of the 

systems installed.  

 

 Guidelines for the Non-potable Uses of Recycled Water in Western Australia August 

2011 highlight the Department of Health approval process that is used for multi-home and 

commercial systems ("Reuse of Greywater in Western Australia"). In addition, the Australian 

Guidelines for Water Recycling: Managing Health and Environmental Risk are guidelines 

designed to “provide an authoritative reference that can be used to support beneficial and 

sustainable recycling of waters generated from sewage, greywater and stormwater, which 

represent an under-used resource” (NRMMC, EPHC, & NHMRC, 2009) ("Reuse of Greywater 

in Western Australia"). Further, manufacturers of greywater systems must have product approval 

and a WaterMark License from the Executive Director of Public Health ("Reuse of Greywater in 

Western Australia"). A WaterMark license confirms that a product complies with the Plumbing 

Code of Australia and all Australian Standards of water recycling ("Water Rating"). In order to 

receive a WaterMark certification, a system must “be tested in a recognized testing laboratory, 

comply with an approved specification, be manufactured in accordance with an approved Quality 

Assurance Program, and carry a warranty” ("Water Rating"). The WaterMark program serves as 

a regulatory tool by which, the consumer can tell that the product they acquire is safe for use 

both for health and environmental reasons ("Water Rating").  

 C. Department of Health and Department of Water Influence  
 The DOH requires applications for each system installed whether it is a household, 

community, or commercial level system. Required in the application is a schematic of the setup, 

location, and layout of the yard where the system will be located (Anda). From there, the DOH 

schedules inspections prior to issuing the “Permit to Use Apparatus” to further insure the proper 

use and installation of each system will be executed (Anda).  

 

 The Department of Water guides proponents, including developers, through the 

considerations required when establishing water-recycling systems, including onsite systems and 

third pipe systems (Anda). The Department of Water has implemented a “Draft Approval 

Framework for the use of non-drinking water in Western Australia: Urban Developments,” 

which outlines a 4 stage process required for assessment and approval of projects (Anda). In 

addition the department requires further documentation to ensure public health is maintained and 

environmental impacts are minimized (Anda). 

 D. Legislation, Policies, and Standards 
 The Planning and Environment Act 1987 has two main objectives that are key to the 

continued success of wastewater treatment system implementation and use. The first objective 

discusses how land use should be open to easily integrated resource management practices (Code 

of Practice Onsite Wastewater Management). The second objective discusses concern for 
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environmental impact to be considered prior to the system implementation (Code of Practice 

Onsite Wastewater Management).  

 

 In addition, all developers are required to comply with the Planning Scheme for their 

municipal district (Code of Practice Onsite Wastewater Management). The Planning and 

Environment Act also requires that Councils consider special environmental issues for 

unsewered areas (Code of Practice Onsite Wastewater Management). These issues include any 

significant effect that the authority identifies as harmful or potentially harmful to the area (Code 

of Practice Onsite Wastewater Management). For example, the issues concern whether the 

system leaves a possibility of seepage or surface flow to adjoining properties. Further, the issues 

the act is concerned with go beyond the potential property and tort law issues and focus on what 

detrimental environmental effect these systems could bring to an unsewered area. Solutions to 

these issues include guidelines that the Council feels are necessary in order for continued 

successful implementation of the systems to be maintained in the area.  

 

 State Environment Protection Policies (SEPPs) “identify beneficial uses of the 

environment that need to be protected, environmental objectives appropriate to those uses, and 

plans and programs for achieving these objectives” (Code of Practice Onsite Wastewater 

Management).. SEPPs are unique because they consist of government policy that binds the 

government, local agencies, and private sector individuals (Code of Practice Onsite Wastewater 

Management). In the case of wastewater management, regulators and stakeholders are bound to 

meet the requirements of the State Environment Protection Policies Waters of Victoria and 

Groundwaters of Victoria (Code of Practice Onsite Wastewater Management). Therefore, 

councils are encouraged to consider the effect of onsite wastewater treatment systems may have 

on ground water quality as protected by these laws. 

 

Singapore 

 
 Although Singapore has a booming economy and a strong health care system, for the past 

five decades Singapore has not had enough water to meet the demands of its growing population 

(Martin). Despite having consistent rainfall, Singapore has limited space and in result, limited 

options to collect rainwater (Tackling Singapore’s Water Shortage). Currently, Singapore has 

30% of its water imported from Malaysia (Duerr).  

 A. Organizations  
 Singapore’s Ministry of Environment and Water Resources is responsible for water 

related affairs; however, the country’s national water agency, the Public Utilities Board (PUB), 

creates policy and initiatives that provide a continuous supply of water (Tackling Singapore’s 

Water Shortage). Additionally, the National Environment Agency (NEA) is a public organization 

that helps support initiatives that promote environmental sustainability (National Environment 

Agency of Singapore). Instead of relying only on outside sources of water, PUB seeks to use 

innovative technologies to build a diverse supply of water through an approach known as the 

‘Four National Taps’: “(1) local catchment water, (2) imported water, (3) highly-purified water 

known as NEWater, and (4) desalinated water” (The Singapore Water Story).  
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 B. Initiatives 
Singapore has several major initiatives: local catchment of water, importation of water, 

and NEWater. Singapore’s local catchment of water includes “a comprehensive network of 

drains, canals, rivers, storm-water collection ponds and reservoirs before it is treated for drinking 

water supply” (The Singapore Water Story). With limited land surface area, Singapore has 

increased its range for water catchment through the construction of marinas and reservoirs (The 

Singapore Water Story). Additionally, through bilateral agreements, Singapore is imports water 

from Malaysia (The Singapore Water Story). The development of NEWater is the foundation of 

Singapore’s success in water sustainability (The Singapore Water Story). NEWater is wastewater 

that is treated through a “membrane technology and ultra-violet disinfection” to make a potable 

product, 5% of which is used for tap water (The Singapore Water Story). NEWater plants are 

continuing to be constructed and can meet up to 30% of Singapore’s current water needs (The 

Singapore Water Story). The most important aspect of NEWater is that, unlike desalination, the 

water quality can be adjusted to it’s intended use, whether for tap water, industry, or irrigation 

(Duerr). To meet about 25% of Singapore’s water demands, the country desalinizes 100 million 

gallons of water per day (The Singapore Water Story). 

 C. Public Support and Policy  
To gain public support for their water initiatives, Singapore runs a campaign to encourage 

all citizens to engage in the “3P’s: “people, public and private sectors” (The Singapore Water 

Story). The campaign is promoted by using tagline of “Water for All: Conserve Value, Enjoy,” 

which encourages the community to cherish water as a precious resource (Martin). The 

government uses education programs, initiatives to reduce the consumption of water such as the 

“10-Litre Challenge,” and beautification of its canals to promote community engagement in 

water sustainability (Tackling Singapore’s Water Shortage).  

 

 Singapore’s Environmental Public Health Act of 1969 provides that the NEA, with the 

approval of the Minister for the Environment and Water Resources, “may make regulations to 

prescribe the standards relating to the wholesomeness, purity or quality of water supplied in any 

area or premises” (Code of Practice). The Environmental Public Health Regulations of 2008 

provides the legal framework for piped drinking water. Additionally, the PUB provides Code of 

Practices for design and maintenance of the water supply (Code of Practice) The Code of 

Practices includes the water quality guidelines for qualified persons in the proper planning and 

design of the sanitary and sewerage systems. Specified under Section 33 of the Sewerage and 

Drainage Act, Water Supply Regulations and Singapore Standard CP48: Code of Practice for 

Water Services regulates the installation and use of potable water service (Fittings and Standards 

for Water Service). The Code of Practice on Surface Water Drainage contains information of 

design and procedural requirements for drainage. Most importantly, the PUB provides a 

technical guide for greywater systems. 

 

 Generally, the technical guide provides the minimum standards for the “design, 

installation and maintenance of greywater recycling systems” (Code of Practice). More 

specifically, the guide defines greywater as “untreated used water, which has not come into 

contact with toilet waste” (Technical Guide for Greywater Recycling System). The guide also 

describes the allowable uses of greywater, including toilet flushing, general washing, irrigation, 

industry, and sending water to a cooling tower (Technical Guide for Greywater Recycling 
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System). However, the guide specifies that the “PUB does not allow the use of greywater 

recycling system for individual household uses or retail uses as it is difficult to manage the 

associated potential health risks of poorly maintained individual household systems” (Technical 

Guide for Greywater Recycling System). Therefore, community based and centralized greywater 

systems are the only systems the PUB allows to use greywater. 

 

 Section 1.4.2 of the technical guide lays out the important environmental standards for 

minimizing a negative impact on the environment, including: (1) treating and disinfecting the 

water, (2) what should not be discharged in the recycling system and (3) preventing greywater 

runoff (Technical Guide for Greywater Recycling System). Next, 1.5 of the technical guide 

specifies the public health considerations to meet the water requirements set out in the PUB’s 

Guidelines for Treated Greywater Quality (Technical Guide for Greywater Recycling System). 

Moreover, the technical guide also provides for the treatment process, design and installation 

standards of the greywater systems, the testing and commissioning standards, the water quality 

requirements and the maintenance and risk assessments (Technical Guide for Greywater 

Recycling System). Government transparency enables the public to understand the 

environmental, legal and public health concerns with implementing a greywater system 

(Technical Guide for Greywater Recycling System). With numerous methods and innovative 

technology to build a strong water supply, Singapore is an excellent model for implementation of 

community based or centralized water sustainability systems.  

 

California 

 A. Systems 
 Subsurface flow wetlands and constructed wetlands are popular systems that follow 

California water law ("California Greywater Regulations and Design"). The primary treatment of 

the recycled water in this type of system consists of a filtering process to attempt to remove all 

solids, grease, and soaps from the water ("California Greywater Regulations and Design"). The 

secondary treatment of the water in this system concerns a filtration and biological process that 

breaks down and decomposes any remaining solids ("California Greywater Regulations and 

Design"). The naturally occurring bacteria, combined with the biological process of the plants in 

the CW, allow this process to clean the water. Each system should consider what the Biological 

Oxygen Demand should be for the system in order to properly clean the water demanded by the 

household ("California Greywater Regulations and Design"). Ideally, these systems are placed 

slightly down hill and in a location where they are easily accessed for maintenance ("California 

Greywater Regulations and Design"). Maintenance is relatively low for these systems, however 

there are some initial concerns to focus on when the system is installed. The maintenance 

cleanings should focus on cleaning the filtration screen once a month for the first six months so 

as to establish a cleaning schedule that is appropriate for the individual household. First, the 

water level should be monitored so that the water is not allowed to pool and there should be a 

switch to the main sewer system to allow diversion of storm run off and further prevent a 

potential for pooling ("California Greywater Regulations and Design"). Secondly, the vegetation 

used should be a species that is not negatively affected by filtering pollutants out of the water 

and should not be an invasive species to the area ("California Greywater Regulations and 

Design"). Finally, owners and operators of these systems should clean the system regularly 

("California Greywater Regulations and Design"). 
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 There are three main styles of systems that are currently in use in California. The systems 

vary in degree of regulation based on complexity and integration into the existing plumbing of a 

household system. A Clothes Washer System diverts water from a single washing machine to 

irrigate a small garden area and is primarily used for one and two household systems ("California 

Greywater Code"). This system does not rely on a pump system and instead uses gravity in order 

to bring the water down from the household to the small garden area ("California Greywater 

Code"). California does not require a permit for installation because it does not require the 

cutting of existing plumbing ("California Greywater Code"). Further, a Simple System also 

serves a one or two dwelling capacity ("California Greywater Code"). However, this system is 

meant to incorporate more greywater beyond washer water and therefore require a construction 

permit ("California Greywater Code"). Finally, a Complex System is the largest of the three and 

also requires a construction permit ("California Greywater Code"). 

 B. Laws and Regulations  
 California Building Standards Commission adopted greywater guidelines into the 

California Plumbing Code. Chapter 16 of the code concerns “water conservation, relieves stress 

on private septic systems, makes legal compliance easily achievable, and provides guidelines for 

avoiding potentially unhealthful conditions” (Central Coast Greywater Alliance). This code 

excludes the use of greywater from kitchen sinks and dishwashers, but requires a permit for any 

system that connects to washers, showers, bathtubs, and bathroom sinks (Central Coast 

Greywater Alliance). The Code does not require a permit for residential, landscape irrigation 

systems because these systems are connected to washing machines and need only meet the 

performance guidelines laid out in the code (Central Coast Greywater Alliance). 

 

 Chapter 16A on nonpotable water reuse systems is applicable under the authority of the 

Department of Housing and Community Development as specified in Section 108.2.1.1. 

(“Nonpotable Reuse Systems”). The intent of this authority is to facilitate an increased use of 

laundry, shower, and lavatory water for recycling (“Nonpotable Reuse Systems”). The code is 

meant to make legal compliance easily achievable by detailing how easily a compliant system is 

installed and maintained and includes guidance concerning how the owner and operator of the 

system can avoid potentially unhealthy conditions (“Nonpotable Reuse Systems”). Finally, this 

code focuses on the use of these systems in order to help mitigate the stress on sewage systems 

for public use (“Nonpotable Reuse Systems”). 
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Public Health Concerns  
 

There exist various safety concerns that must be addressed. Because water recycling 

technology in Israel is so advanced, the Ministry of Health of Israel prohibits the installation and 

use of greywater in an individual home. The Israeli Ministry of Health cites that greywater 

systems, “operated without professional skills, will not remove the disease generating micro-

organisms to the required extent, and will be more prone to maintenance problems and 

operational failures” (Ministry of Health, 2015). This is a valid concern for the community we 

visited in Dar Salah of the Palestinian authority, as there are no maintenance services available 

for if and when a system fails. 

For now, the maintenance and efficacy of these systems largely depend on homeowner 

practice. Those who own these systems must be conscientious about certain habits that may 

affect it. For example, the use of certain soaps containing boron, chlorine, and preservatives may 

be caustic for the treatment tanks as they harm the bacteria required to break down organic 

content in the greywater. Cooking oils, grease, and hazardous chemicals should not drain into the 

greywater line either, as doing so exacerbates the odor generated by these systems. This factor 

makes the systems less desirable, and therefore affects marketability. It is equally important to 

establish financial investment in the community to encourage adequate maintenance. This will 

prove to be a challenge, as some communities have grown accustomed to being donor-

dependent. Paying for maintenance, even if services were available, is a financial burden for 

most of the community. 

 

We believe that the design of the system should prioritize safety in order to prevent 

growth of harmful microorganisms. This issue can be mainly seen in both collection tanks of the 

HFB CW as stagnant water makes for ideal reservoirs for pathogens. While there are studies that 

have found fecal coliform indicator bacteria in greywater, there has been no documented illness 

associated with greywater. However, this is not definitive evidence that greywater has caused 

public health impacts because it is difficult to trace disease to a source. Prior research has shown 

that pathogens are still present due to fecal contamination in greywater. Some of the more unsafe 

and opportunistic are salmonella, campylobacter, enterococci, and helminth eggs, which are 

extremely environmentally resistant. As such, thorough separation from blackwater is critical in 

preventing contamination by these microorganisms. We believe that system maintenance is key 

for safety because greywater has the potential to transmit disease.. (World Health Organization, 

2006) 

 

Solutions 
 

Due to the lack of research correlating greywater and clinical ailment, we propose 

implementing a mixed methods, longitudinal study, analyzing not just water quality, but also 

plant quality, soil fertility crop yield, and adverse health outcomes. Currently, some variables 

used to test the water quality are pH, dissolved oxygen, temperature, and total suspended solids 

every four months. A sophisticated monitoring protocol would monitor these variables 

continuously, rather than once every four months, and stands as the next step in improving 



 30 

reliability. In addition to water quality, we believe that plant and soil quality must also be 

monitored intermittently to indicate symptoms of damage to the system. Moreover, an audit 

would help assure that only quality plants are distributed to the market and public. The desired 

conclusion from this study is that greywater irrigation is associated with enhanced plant quality 

and crop yield with minimal or no adverse health outcomes occurring during the course of 

treatment.  

 

Existing WHO guidelines 

Hazards 
 

Prior studies done by the World Health Organization (WHO) have shown that hazards of 

greywater originate from fecal cross contamination. Such contamination results from behavior in 

the household, such as washing fecally contaminated laundry, childcare, and showering. Baseline 

data, assessing the degree of contamination included analysis of common indicator organisms: 

coliforms, enterococci, E. coli. Similar risk management strategies are in practice at the Arava 

Institute as well. These include: 

 

 On-site storage and treatment of greywater to reduce pathogens to a level that presents 

tolerable risk 

 Crop restriction: recipients were educated not to irrigate crops that are directly eaten 

 Exposure control methods: owner's use of protective clothing when gardening, and 

disinfection and thorough cooking of food prior to consumption. 

 

Monitoring 
 

The WHO suggests that monitoring greywater requires proper validation, operational 

monitoring, and verification. In the case of small-scale greywater irrigation in a household, 

measurements may be taken simply. Validation requirements for a small-scale system greywater 

address the efficacy of the treatment processes in inactivating and removing pathogens. 

Validation should ensure the system’s capability of meeting specified microbial reduction 

targets, which have yet to be determined. Die-off of different enteric pathogens in different 

treatment conditions (temperature, moisture content) is one way the Arava institute can 

“validate” the efficacy of these systems. Operational monitoring would involve setting up 

parameters or control measures that ensure sufficient treatment, limit cross contamination, and 

reduce human contact with treated water. The Arava institute utilizes the proposed Israeli 

greywater standards (4cfu/mL) as parameters for measuring fecal coliforms in their greywater 

system in Dar Salah. Along with other variables, fecal coliforms (per colony forming units) were 

assessed every four months. Mosquito breeding—a rare, but possible occurrence of these 

systems should also be controlled. Although the greywater system is closed, breeding habitats 

may form in the streambeds where water runs off, as shallow and stagnant puddles may form. 

Verification testing is done to determine compliance with the system’s goal to remove 

pathogens. This involves further microbial analysis of the densities of various pathogens (such as 

E.coli and helminth eggs). Verification will prove to be a challenge in Dar Salah as microbial 
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quality should be undertaken by a local public health agency. Moreover, Arava might find it 

beneficial to test for more resistant microorganisms, such as Helminth eggs. Such organisms, 

should they be contaminated on fertilized crops, may lead to fecal-oral diseases and helminth 

infections. (World Health Organization, 2006) 

 

Recommendations 
 

Throughout our trip, we familiarized ourselves to the challenges frequently faced in the 

implementation of modular subsurface HFB CW systems for the treatment of greywater. 

Education 
 

The most pressing issue is the lack of consistent and adequate client education on 

homeowner practice. Currently, the most prevalent cause for system failures is not an intrinsic 

shortcoming for these systems, but rather a lack of education and improper maintenance of these 

systems. It follows that thorough training sessions in conjunction with a succinct manual 

regarding use of equipment, system designs, operational standards, problem identification, and 

health consequences are critical in ensuring the success of these systems. 

 

These training sessions should not only aim to educate clients on the specificities of 

subsurface HFB CW systems, they should also reinforce the importance and benefits of treating 

greywater, as opposed to simply dumping it with blackwater. Not only does this serve to inform 

the client, but also establishes personal investment in the success of the system. Major points 

include: 

 Recycling greywater eliminates the cost to transport it to cesspools 

 Reusing greywater for irrigation and toilet flushing eliminates the cost of doing so with 

potable water 

 Stemming the volume of run-off reduces the amount of pooling of water in the 

surrounding ecosystems, which in turn reduces the breeding grounds for mosquitoes, the 

most deadly disease vector in the world (Gates, 2014) 

 Decentralized systems gives the community some dominion over their water supply, and 

therefore independence from centralized water sources 

 

Clients should also become well versed in the monitoring of greywater throughout the 

treatment process. While lab testing remains the most accurate form of testing, in-field testing is 

cheaper and more immediate. Currently, testing is inconsistent at best; therefore, we recommend 

streamlining and standardizing the process for all clients to establish consistency, gather results 

are easy to interpret, and also to facilitate long-term data collection. The short-term goal is to 

develop a testing kit, akin to a pool-kit, to aid the client in easy testing. The long-term goal for 

established CW systems is to install live electronic sensors that sync to an online monitoring 

system. 
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System Designs 
  

While the systems we observed function quite well, there exist several issues that we 

believe can be addressed with certain alterations in the system designs. Some of these issues 

include plant selection for oxygenation of tank bacteria, biological odor, hair blockage, high 

functional stress, and lack of connection to the irrigation systems. 

 

Within the tanks, there exist bacteria in the soil to breakdown the organic content of the 

greywater. This bacteria requires oxygen in order to function optimally, which can be provided 

by certain plants that are grown in the tanks. However, in multiple instances we saw the use of 

bamboo, which is neither indigenous to the Middle East, nor easy to contain once it takes root in 

the ground. Should the systems fail to contain these plants, there is a very real possibility that the 

bamboo’s aggressive growth can cause it to become a highly invasive and displace native 

species, decimating the local ecosystems (Invasive Species, 2015). Should CW systems become 

widespread in this region, the risk associated with the use of bamboo will increase dramatically. 

We highly recommend that HFB CW systems instead employ indigenous species, such as 

papyrus, cattails, elephant grass, umbrella sedge, and cuscus grass, to eliminate the risk of 

introducing an invasive species to their ecosystems. A caveat to this recommendation is to select 

species that do not threaten the HFB CW system. For example, reeds have aggressive roots, 

which may puncture tanks in modular systems. In this case, the use of tall grasses may be more 

appropriate. However, in larger-scale, pond-based FWS HFB CW systems, the use of reeds and 

cane would be acceptable, as these make use of ponds rather than tanks. 

 

Odor is a problem that not only affects CW system efficacy, but also marketability. 

Excessive odors arise when there is an imbalance in the ratio of organic content of greywater and 

bacterial metabolic capacity. High organic content leads to odor due to putrefaction, while high 

bacterial count leads to odor due to bacterial death and decay. The former is particularly relevant 

in the Palestinian territories because of the cooking habits of the Palestinian culture. Much of 

Palestinian food is fried, leading to a high volume of oils and grease flushed into the greywater 

system from the kitchen sinks. To compensate, current clients regularly skim the top of the 

primary settling tank to remove grease that floats to the top. However, in a larger scale pond-

based FWS HFB CW system, this would not be feasible. Therefore, we recommend the 

separation of grease prior to primary treatment. Depending on the community, this may be as 

simple as alerting the cooks to not wash grease down the sink, or as complex as implementing a 

built-in separation process. If the organic load is simply too high, the kitchen sink may be 

disconnected from the system entirely. It is also advisable to use green detergents that reduce the 

death of the bacteria; however, these detergents tend to cost more. 

 

One perennial problem we see with any water treatment system is the presence of hair. 

Once introduced, hair may clog pipes, jam pumps, and complicate maintenance. It is crucial to 

have households minimize their output of hair via drains in order to help the system run as 

smoothly as possible. Wire drain protectors may be issued to aid in upkeep. 

The current system employed in the West Bank functions under a high level of stress, filtering 

300L greywater per day across five tanks. The recommended minimum number of tanks is 

seven. We believe that adhering to this recommendation will not only produce cleaner water, but 
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also reduce the stress that the system faces, and subsequently the required maintenance and 

number of failures. 

 

Once the water reaches the end of the system, the water must be manually taken from the 

final holding tank to the fields where is it used to irrigate and/or back into the house for toilet 

flushing. On a larger scale, the transport of water takes more energy, which may be alleviated 

with the utilization of a pump. This pump, however, necessitates the use of power, which 

connects the house back to the grid. Instead, we recommend the use of a solar panel to provide 

power for pumping. This closes the loop and enables the client to remain off-grid. 

 

There exist other advanced treatment technologies available for treating greywater. One 

includes the addition of an activated carbon filter. Oxygen-activated carbon opens up millions of 

pores between carbon atoms. This creates highly porous surfaces to adsorb substances from 

gases and liquids. Ultimately, activated carbon would trap both organic and inorganic 

compounds, resulting in better quality water for irrigation and potentially potable water. Another 

treatment technique for greywater is the membrane bioreactor. This method uses both biological 

treatment and filtration to facilitate consumption of all organic contaminants and pathogens. 

Both techniques have higher capital cost than Arava’s subsurface HFB CW method. If greywater 

is just used for irrigation, these advanced methods may not be cost-effective. However, if the 

ultimate goal is to advance greywater systems to also treat blackwater and to bring it to potable 

quality, investing in both the activated carbon and the membrane bioreactor may prove 

beneficial. (Allen & Christian-Smith, 2010) 

 

Agriculture 
 

There are strict export laws in place, forbidding the transboundary sale of crops grown 

with non-potable water. As such, all crops grown with greywater must be for personal or 

community level consumption. 

 

Because greywater is non-potable, we recommend that clients do not use greywater to 

irrigate direct food crops (those that come into contact with soil and irrigation water). Instead, 

clients should limit their greywater use to drip irrigation of indirect crops. These include tree 

crops like olives and dates, and vine crops like tomatoes and cucumbers. Incidentally, cucumbers 

are high-value crops, which serves as an economic incentive to irrigate accordingly. Drip 

irrigation, while further reducing the chances of direction consumption, also slows the salination 

of the fields. These recommendations will minimize the consumption of greywater and 

subsequently the potential for adverse health outcomes. 

 

Health 

 
Considering the lack of overall infrastructure in the Palestinian Territories, there is also 

limited healthcare access. This proves problematic when the use of greywater remains more or 

less unstudied in terms of adverse health outcomes. While adherence to as-intended use of 

greywater has thus far proven safe, we remain uncertain that regular exposure of clients and 



 34 

maintenance crew will not have a long-term impact. Should there arise such a negative impact, 

the Physicians for Social Responsibility maintain an active presence in the area, and may be 

contracted by managing entities to treat and study these communities. Their work may also be 

recorded and used as data for future studies on greywater utilization. 

 

Data Collection 

 
As mentioned previously, this technology is relatively new; therefore, very little data 

exists in the way of greywater systems and their use for agriculture. We believe that all 

monitoring data, health outcomes, functionality measures, and agricultural outcomes (such as 

crop health, yield, and quality) should be recorded to assess any changes within these 

communities. Negative changes can then be efficiently identified and addressed, while positive 

changes promote the use of this innovative technology in water-constrained regions. 
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Appendix  
 

Appendix A. Centralized Systems Cost Analysis 
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Appendix B. Decentralized Systems Cost Analysis 
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Appendix C. Investment Cost per unit of Capacity for Centralized Wastewater Treatment Plants 

 

 
 

Appendix D. Investment Cost per unit of Capacity for Decentralized Systems 
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