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EXECUTIVE SUMMARY 

The purpose of this report is to analyze the potential of off-grid, decentralized greywater 

reuse systems in rural villages of the West Bank as an economical way to mitigate problems 

associated with sewage management and water scarcity. This report compares the feasibility of 

implementing decentralized greywater reuse systems to more commonly known centralized 

wastewater treatment systems.  

 

In a centralized wastewater treatment system, every house in a  in a village is connected 

to a single wastewater treatment grid that transports the collective output from each household to 

a single facility for treatment, and ultimately reuse. Alternatively, decentralized treatment 

systems rely on smaller units that are setup onsite, at a household level. The output of these 

homes is separated, and the systems treat only the non-fecal matter (greywater) output from the 

household.  

 

This report employs a systematic approach to comparing the two options through a net 

present value model, and focuses on the West Bank village of Al-Auja as a community in which 

the decentralized system will be most beneficial. 

 

The net present value approach shows that implementation of decentralized greywater 

reuse systems provide an economic net benefit for the West Bank village of Al Auja of over $3.2 

million, while a centralized system provides a net loss of $3.2 million. Two factors in particular 

work against the centralized wastewater treatment solution: the additional regulatory hurdles and 

the high initial capital investment. The decentralized solution avoids the cumbersome permitting 

regulations in the West Bank and avoids politically contentious relationship between Israel and 

the Palestinian Territories, both of which have the potential to cause significant delays in any 

project. In addition, the village’s low population density makes a centralized solution 

economically unfeasible due to the high initial cost and delay of an actualized benefit.  

 

Scientific studies show that greywater is of relatively good quality, and only minor 

treatment is needed depending on its intended use. However, concerns remain that greywater 

reuse for irrigation can compromise human health and negatively affect the environment because 

it may contain pathogens and contaminants that affect soil quality and water retention. Therefore, 

there is an additional need for the effective participation of local community members in the 

planning, building, and monitoring of these systems. This report estimates an approximate 

$98,350 expense for Al Auja as a cost related to these factors with the ability to increase this 

expense if necessary.  

 

This report further explores two governance frameworks as possible solutions to 

operation and maintenance of the systems moving forward. The first framework suggests a 

centralized water service provider to assume quality assurance and maintenance for a fee, 

ensuring a high standard is upheld for effluent testing and system upkeep. Such a framework 

would be established with at the expense of bringing the project under heavy regulatory scrutiny. 

The second framework suggests a community governance solution, in which the community 

assumes responsibility for the systems. This method continues to circumvent the cumbersome 

regulations, and aids in the pursuit of community buy-in, however further research will be 
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required to assess the most effective method to ensure that the community can hold the systems 

to a high monitoring standards.  

 

Finally, this report expands the scope of implementation from the community level to the 

regional level, and takes a look at agreements formed in politically similar climates as the West 

Bank. An analysis of the water treaties formed between the United States and Mexico, India and 

Pakistan demonstrate that long term agreements regarding water security are possible between 

countries with water-starved regions and contentious political relationships. The main lessons 

from these past partnerships are: (1) that the regulations surrounding the agreement need to 

incentive progress; (2) a neutral third party is best suited to come up with standards to be used 

for water quality; and (3) providing a system to help fund infrastructure programs can be 

beneficial to both jurisdictions’ environment and public health. 
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WATER AND THE WEST BANK 

Political and Territorial Considerations 

 

Water insecurity presents problems in nearly all communities in the Middle East and is 

compounded by externalities such as climate change, population increase.1. This is especially 

true in the West Bank where overuse of the water table2 has led to declining levels of naturally 

occurring sources of water.3 Unlike in Israel, many communities in the West Bank remain 

unconnected to wastewater reuse grids, and do not have a comprehensive regulatory scheme 

sufficient to cope with the externalities that exacerbate problems tangential to water scarcity.4. 

As a result, all household wastewater is expelled into onsite septic tanks, and if not properly 

pumped, then discharged into the ground.5 This has exacerbated existing water shortages in the 

region, and political discontent between Israel and the West Bank.6 This shortage has forced the 

West Bank to explore more creative solutions to water scarcity, one of which is supplementing 

their water sources via wastewater reuse.7 
 

In Israel and the West Bank, political conflict adds an additional stressor to the water 

crisis.8 The region has long been defined by a complex juxtaposition between Israelis and 

Palestinians, each of whom, citing history and their respective religions, believe that the land that 

currently makes up the State of Israel is, and has always been, rightfully theirs.9 Understanding 

the past and present political conflict in the region provides crucial insight on how the water 

crisis has been exacerbated.  

 

Prior to 1948, Palestinians had primary control of the land.10 However, at the conclusion 

of World War II, the State of Israel (which includes the Gaza Strip and the West Bank within its 

borders) was officially recognized by the United Nations. Much unrest ensued upon this 

declaration, and several wars were fought over control of the land until the Oslo Accords were 

signed in 1993 in an attempt to bring peace between the nations.11 Israel has maintained 

dominant control over most of the land, but has relinquished some control to Palestinians in the 

West Bank and the Gaza Strip.12 

 

Though the current agreement has been relatively successful in keeping peace in the 

region, it provides no contiguous Palestinian land.13 This has proven to be one of the most 

challenging problems in addressing the water crisis.14 The Oslo II Accords, also known as the 

“Interim Agreement,” among Israel and Palestinians instead divides the West Bank into three 

zones: Areas A, B, and C.15 Area A is completely under the control of the Palestinian Authority, 

makes up about 18% of the West Bank, and is home to only Palestinians (i.e., there is no entry 

for Israeli citizens).16 In Area B, the Palestinian Authority has control over civilian life, but the 

Israeli Army has control over the internal security.17 Area B is comprised of smaller towns and 

villages, and makes up approximately 22% of the West Bank.18 It does not include any Israeli 

settlements. Both Area A and Area B are broken up by Area C, which is the only contiguous land 

in Palestine, and is under the complete control of the Israeli Army.19 This land includes rural 

areas, military zones, and Israeli settlements, and makes up approximately 60% of the West 

Bank. This sort of control of the West Bank, and the lack of contiguity makes it difficult to 

control the limited natural resources in the area.20 One of the main sources of freshwater is in a 
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mountain aquifer, about 80% of which is located beneath the West Bank soil.21 However, only 

about 20% of the water from the aquifer is available to Palestinians – the rest is allocated to 

Israel.22 

 

Article 40 of the Interim Agreement attempts to provide some framework for cooperation 

in assigning rights and responsibilities with regard to water.23 Per the agreement, Israel 

recognizes a Palestinian right to water and both sides agree to manage water and sewage 

resources until a final agreement on the land is set in place.24 To do this, Article 40 establishes a 

permanent Joint Water Commission that coordinates management of systems, infrastructure, and 

resources.25 However, this agreement falls short in a number of ways; it is inconsistently applied, 

fails to regulate pricing, does not account for changes in demographics, and does not account for 

hydrological or climate trends.26 Both sides have alleged violations of the Interim Agreement, 

but it is ultimately unenforceable under international law.I,27 

 

Additionally, even if international law could be proffered by the Palestinians, it does not 

apply to groundwater chambers, only “systems of surface waters and groundwaters 

constituting…a unitary whole…flowing into a common terminus,” and the West Bank aquifer 

flows into three divergent termini.28 Given this, while the Interim Agreement has ensured 

relative peace in the West Bank since its signing, it has limited use in resolving the water crisis. 

The temporary nature of the Interim Agreement itself does not solve the central question to the 

conflict – ultimate ownership of the land. Due to this ambiguity, the Palestinian Authority is 

reluctant to accept foreign aid for water reuse and recycling as well as reduce or change water 

consumption patterns, because they fear such actions  will weaken their bargaining power when 

it comes time to establish a final agreement.29 As a result, management of the water resources 

remains wasteful and inefficient, with serious implications for the sustainability of the remaining 

supply. However, decentralized greywater reuse systems in rural Palestinian villages may offer 

an economically and politically convenient option to palliate water management challenges.  

Greywater: A Response to Increasing Water Demands   

Increased water scarcity in the West Bank from aquifer salinization and pollution is 

degrading natural water resources, leading to the exploration of other water sources like 

greywater reuse.30 Greywater is wastewater generated from domestic activities such as 

laundering, dishwashing, and bathing;31 it is safe to touch, but not necessarily safe to ingest if 

untreated.32 Greywater contributes to the majority of household effluent in the West Bank, and 

make up to 80% of wastewater in some rural communities.33 If properly captured and treated, 

greywater reuse can play an important role in alleviating short term water insecurity, and an even 

bigger role in reducing the long-term gap between supply and demand in the West Bank.34     

         

Many rural settlements in the West Bank are not connected to a centralized sewage 

network, so blackwater (wastewater containing fecal matter) and greywater from individual 

households are diverted to a cesspit, where it accumulates until it needs to be emptied. This 

common practice creates a financial burden for property owners and has inherent environmental 

concerns such as polluted groundwater and aquifers.35 However, greywater can be separately 

                                                
I  (the Vienna Convention on the Law of Treaties stipulates that Israel need only honor those made between states, 

and the Palestinians are a non-state population). 
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diverted and treated for non-potable uses thereby reducing reliance on municipal water and 

minimizing cesspit evacuation.36  

 

One of these non-potable uses is irrigation for agriculture. Water is integral to agricultural 

operations where it can be used for irrigation, application of pesticides and fertilizers, and 

postharvest activities such as cooling and washing.37 As fresh water becomes more expensive 

and difficult to obtain in rural, off-grid communities, dependency on alternative sources of water 

for these activities increases.38 As a significant byproduct of human settlements, greywater has 

the potential to supplement freshwater resources for use in agricultural irrigation and offers a 

water management solution for off-grid rural communities.39 This is especially attractive to West 

Bank communities, as agriculture is a driving force of their economies.   

 

COMPARING DIFFERENT WASTEWATER TREATMENT SOLUTIONS 

 Why the Comparative Method? 

 

The water scarcity problem in the West Bank is by no means wholly unique to the region. 

While the political and geographical climates may exacerbate the situation in the West Bank, 

sustainable solutions to wastewater reuse are being tried and tested around the world.40 Many 

economically-challenged areas must make tough, resource-constrained decisions on how to 

move forward solving this problem. As in the West Bank, governing bodies in these areas have 

to determine the most efficient solution – one that will maximize the social benefit, while 

minimizing the overall economic cost. One of the most effective means of bringing clarity to this 

decision is to perform a cost-benefit analysis, whereby different options are weighed against each 

other.  

 

There are effectively two ways that villages that can make use of wastewater: a 

centralized or a decentralized treatment solution. Centralized wastewater treatment systems 

connect every house in a village to a single wastewater treatment grid, and treat all wastewater 

(both blackwater and greywater) from every household, collectively. The treated water is then 

disbursed back to the community through a central water service provider.41 Alternatively, 

decentralized wastewater treatment systems utilize onsite units that service the community at the 

household level. These units treat only the greywater output from the household. Once treated 

through natural filtration, greywater is then immediately available for agricultural or other uses. 

The household blackwater output is diverted from these units and discharged into to a septic 

tank.42  

 

One case study in Surabaya, Indonesia offers a lateral comparison for how a cost-benefit 

analysis can successfully foster transparent discussion about whether a centralized or 

decentralized system offers most efficient means of treating wastewater.43  Wastewater in the 

Surabaya region is stored in septic tanks and is collected sporadically by a fleet of tankers.44 

However, Surbayan wastewater treatment plants are insufficient, and a large portion of this 

septate is discharged into the Surabaya River, leading to agricultural and health issues for 

citizens who use that body of water.45 Faced with a low-income population and little means to 

invest in large scale infrastructure projects, Dr. Maria Prihandrijanti from the University of 

Surabaya’s Centre for Environmental Studies conducted a cost-benefit analysis of a proposed 
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decentralized solution against the centralized solution.46 Believing that not enough attention was 

paid regarding the economic factors involved with wastewater reuse, Dr. Prihandrijanti 

compared projections of installation costs, operations and maintenance costs, and treatment and 

transportation costs for centralized and decentralized systems, assuming they would have the 

same economic benefits.47 Her tests showed that only the decentralized solution provides an 

economic net benefit.48 By contrast, due to heavy infrastructure investment, and limited ability to 

fund the project, the centralized solution clearly has a negative economic outcome.49  

This report takes the analytical approach used by Dr. Prihandrijanti’s and adapts it to test 

the effectiveness of the decentralized and centralized solutions in the West Bank. This report 

targets the town of Al Auja as a representative case study with which to conduct its analysis and 

has expanded the comparative approach to include not only economic factors, but regulatory and 

public health factors as well. This report examines the benefits and costs of each scenario, 

examining the necessary inputs and outputs required to make each a reality, and what that reality 

would mean for the people of Al Auja.  

Decentralized v. Centralized Systems 

 

In the West Bank, many villages lack connections to wastewater services and still rely on 

septic tanks or cesspits to dispose of their wastewater.50 These villages are isolated by both 

natural and political constraints that make it difficult to connect to the centralized systems that 

are  used in the more densely populated areas.51 As a result, organizations like the Arava Institute 

have utilized Palestinian-designed systems at the household level that can treat the greywater 

output from those households.52 This treated greywater can be reused for agricultural purposes 

such as drip irrigation.  

  
In particular, the Arava Institute has had the most success with two gravel upflow filters 

that were constructed in the village of Auja.53 These systems use a combination of gravity 

filtration through gravel, and biological secondary filtration in order to extract toxins from the 

household greywater output.54  

 

Unfortunately,  these decentralized greywater reuse systems are less common than 

centralized wastewater treatment systems. According to public research conducted by CGIAR on 

greywater usage in Jordan and Egypt, the main factors that hinder the greater adoption of 

decentralized wastewater systems are: (1) odor from the systems, (2) water quality and safety, 

and (3) cost of the systems. However, these factors do not have a material negative impact on the 

implementation of a decentralized greywater reuse treatment system as compared to a centralized 

wastewater treatment system.55 

 

Odor 

 

One major concern with the construction and implementation of onsite greywater reuse 

systems is odor emanating from the system. This is a problem particularly with systems that use 

membrane or constructed wetlands technology. The Arava Institute previously constructed three 
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systems that used this membrane or wetlands technology, and received complaints.56 However, 

there have been no odor complaints associated with the gravel upflow filters installed by the 

Arava Institute in Al Auja. In January 2017, the authors of this report conducted a site visit and 

interviewed recipients of the Arava Institute’s onsite gravel upflow greywater treatment systems 

in Al Auja. Homeowners that use the systems voiced no concerns of foul odor emanating from 

the system. Additional scientific and social-adoption studies of these systems demonstrate that 

odor has no significance in the acceptance or use of these systems.57 

Water Quality and Safety 

 

Another concern with the implementation of decentralized greywater reuse systems is the 

quality of the water output from the system.58 While the scale of any wastewater treatment 

system is dependent on the end-use, the current scientific consensus is that treated greywater, 

regardless of whether it is treated centrally or on site, is safe to use for almost any purpose except 

drinking. Despite the additional treatment that greywater would undergo in a centralized system, 

the primary differences between centralized and decentralized greywater systems are related to 

end-use and cost.  

 

The scale of any wastewater reuse system is generally different based on the end-use of 

the reused water.59 Municipal wastewater, which includes both greywater and blackwater, is 

typically treated in centralized systems because the water is reused in public, sometimes private, 

spaces that require large areas of irrigation like agriculture, public gardens, and golf courses.60 

However, greywater is generally used in the same area that the water originated, so it is treated 

on a smaller decentralized scale.61 The scale of the reuse system is also correlated to the amount 

of treatment needed for safe reuse.62 Centralized systems are best for high treatment, and 

subsequently, high energy required processes such as that which is required to treat and disinfect 

municipal wastewater which has exponentially high pollutants, particularly fecal coliforms.63 

Greywater is generally of higher quality than combined waste water because it has a lower 

concentration of microorganisms and organic matter.64 Because there are less pollutants, 

greywater can be treated on-site using small-scale domestic treatment technologies which allows 

households to utilize the reused water immediately.65  

 

 The success of centralized wastewater treatment systems has been proven repeatedly in 

urban and peri-urban settings, but to a lesser degree in less populated areas.66This calls into 

question the efficiency of centralized systems in these areas.67 The implementation of centralized 

treatment systems in rural settings is often impeded by the need for reliable and immediate 

consumption of water, and the high cost of implementing these systems.68 While water quality 

has not been shown to promote the use of centralized systems in rural areas, there is no evidence 

to suggest there is a significant difference in effluent quality between centralized greywater 

treatment and decentralized treatment. The inherent operation of most centralized systems treat 

greywater concurrently with blackwater which, by its nature, requires more intense treatment.69 

It is therefore difficult to compare centralized and decentralized greywater effluent which could 

explain the lack of evidence in this area.  

 

In addition, there are several public health incentives for exploring greywater reuse for 

irrigation purposes in the West Bank. On an individual level, monthly spending allocated to 
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purchasing municipal water will be reduced and there will be a decrease in costly cesspit 

evacuation.70 Additionally, there will be an increase in the quantity available for irrigation and 

the potential for higher biomass crop yield.71 On a regional or national level, positive outcomes 

such as lowered demand for freshwater, a 30-50% decrease in groundwater extraction rates, , and 

decreased aquifer salinization have been demonstrated with successful greywater reuse 

systems.72  

Cost 

 

The final concern with the greater adoption of the decentralized greywater reuse systems 

is the total cost.73 However, this report demonstrates that when looking at the two wastewater 

treatment options at a village level, the decentralized solution is significantly more cost-effective 

than a centralized wastewater treatment system. To compare the two systems, this report includes 

a net present value analysis on both a centralized wastewater treatment system, and a 

decentralized wastewater treatment system for the village of Al Auja. 

 

The net present value models for both systems extend 30 years for each project. This 

report examines the net present value for prospective implementation at the village level. 

 

The following costs apply to both a centralized and decentralized system: 

1.     Initial capital investment 

2.     Regular operations and maintenance expenses 

3.     Servicer fees 

 

Both models also include the following benefits to the village: 

1.     Additional water available for agriculture irrigation 

2.     Decreased cost to maintain septic systems 

 

From a high level, the each of the solutions has the following costs and benefits: 

 

Table 1: Conceptual Comparison of Centralized & Decentralized Systems 

  Decentralized Centralized 

Benefits Lower initial capital costs 

  

Less regulatory hurdles 

(benefit in year one) 

Greater supply of 

wastewater treated 

  

More public knowledge in 

the system 

Costs Required community 

engagement (Community 

engagement expense) 

High initial capital costs 

  

More regulatory hurdles (3 

years to build out the 

system) 
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THE DECENTRALIZED ONSITE GREYWATER TREATMENT SYSTEM 

 

Net present value models reflect the above cost benefit matrix. The next section of this 

report outlines the specific calculations of the models.  

 

One of the assumptions made about the prospective decentralized greywater reuse 

systems in Al Auja is that one system could be networked to multiple houses. Ideally, a single 

system will connect between 3 to 5 houses.74One of the onsite systems, currently under 

construction, will connect three households to a single system. Therefore, in order to make a 

conservative estimate, the model uses the assumption that the greywater system will be 

connected to three households.  

Costs to the Village 

 

Initial capital cost: Estimated initial cost of one system that connects three households is 

approximately $10,000.75 There are approximately 721 households in Al Auja.76  

 

         Cost of one system * (Number of Households in Auja / 3 Houses per System) 

         $10,000 * (721 / 3) = $2.4 million to build out the system for the village 

  

The estimated time for completion of the system for the entire village is approximately one (1) 

year.77 

  

Regular Operations and Maintenance Expenses: Operations and maintenance expenses are 

composed of a yearly maintenance expenses, gravel replacement expenses, and electricity costs. 

Gravel is replaced every five years.78 For purposes of this net present value model, the entire 

system gravel replacement is spread equally over the five year timeframe. An economic 

feasibility study was conducted in order to estimate these expenses on the two previous systems 

implemented at the household level by the Arava Institute.79 

 

         Yearly Maintenance expense = $100 per system * # systems installed in Auja 

         $24,100 per year 

 

         Yearly gravel expense = ($1000 per system * # systems installed in Auja) / 5 yrs 

         $48,200 per year 

 

         Yearly electricity expense = $396 per system * # systems installed in Auja 

         $95,436 per year 

 

Total Operations and Maintenance expense per year = $167,736 per year        

  

Servicer Fees: These represent the additional fees that the village will have to pay to a public 

utility organization to manage and service the systems. This figure should cover any additional 

expenses that the servicer should incur while servicing the system (i.e. regular water quality 
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tests). We calculated this figure as a percentage of total tariff revenue that the servicer would 

earn if this were a centralized system (10% of potential tariff revenue).80 II 

 

 Servicer Fee: $156,341 yearly tariff revenue in Auja for a centralized solution * 10% 

 $15,634 per year 

 

Community Engagement Expense (Unique to the decentralized model): This represents the 

additional expense incurred by the village in order to educate residents about proper usage and 

safety of the system. This model estimates that this expense will be incurred only in year one of 

the project. The estimated engagement expense per person is $25.III  

 

 Community Engagement: $25 per person * 3,934 persons in Auja 

 $98,350 for the village 

Benefits to Village 

 

Cost savings of septic maintenance: This represents that cost savings of the maintenance on 

septic systems that villagers will not have to pay. Monthly septic maintenance expenses can be 

reduced by $68 (60%) per household after the installation of the onsite treatment system, due to 

less water entering the septic tank resulting in less overflows.81 

 

 Cost savings of maintenance: $68 per household * 721 households * 12 months 

 $584,010 per year 

 

Additional agriculture revenue: This represents the additional revenue earned in the town as a 

result of additional crops yielded by more water for irrigation. In order to calculate this figure, 

the model assumes that the water will be reused for date crops, which have an established market 

and the highest profit margins.82 The estimate for the amount of water provided for irrigation is 

based on the capacity of the system, which is estimated to be 3,000 litres per day.83 Dates have a 

value of $1,960 per dunum.84 Calculations were performed per system installed and then 

expanded to the village level.  

 

 Additional trees supported: 3,000 litres per day output / 300 litres per tree  

10 additional trees 

 Additional dunums irrigated: 10 additional trees / 12 trees per dunum  

 0.833 dunums 

 

 Additional revenue per system: 0.833 additional dunums * $1,960 per dunum per year 

 $1,633 additional revenue per system per year 

 

 Additional revenue for village: $1,633 revenue per system * 241 systems installed 

                                                
II This report examines the merit of a service provider assuming these roles later. If an alternative governance 

structure is followed, these funds would be distributed elsewhere. 
III Further studies will need to be conducted to confirm the necessary amount of community engagement needed. 

Therefore, a sensitivity analysis was run on this amount and is displayed later in this report. 
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 $393,633 additional revenue for village per year 

 

THE CENTRALIZED WASTEWATER TREATMENT SYSTEM 

 

The model for a centralized wastewater treatment system represents the scenario where a 

central wastewater treatment plant is constructed in the village, and infrastructure is built in order 

to connect all of the houses to the wastewater treatment plant. Data is available on the 

wastewater treatment system constructed in the city of Jericho, and was used as a model for the 

potential wastewater treatment infrastructure constructed in Al Auja.85 All of the calculations for 

Al Auja based on figures from Jericho are scaled down to Al Auja based on population, 

households, and land area. One key detractors of this model is amount of capital required due to 

regulatory and construction hurdles. As a result, it is estimated that the system will take 

approximately three years to fully build out.86 The following describes how we accounted for 

these limitations as well as the estimates for costs and benefits of the system.  

 

Costs to the Village 

 

Initial capital expenditures: There are two components of this calculation. Both of these 

components are based on figures that were estimated for the wastewater treatment system in the 

city of Jericho. The total cost of the Jericha wastewater treatment system was is based on the 

total amount that the Japan International Cooperation Agency (JICA) allocated for the project 

($32 million).87 This report splits the total cost of the project into two components: the 

wastewater treatment plant and the wastewater treatment infrastructure. The cost of the 

wastewater treatment is stated at $2.5 million.88 The total cost of the pipes and infrastructure 

involved in the buildout is the difference between the total cost of the project ($32 million) and 

the wastewater treatment plant ($2.5 million). In order to make the system applicable to Al Auja, 

the total cost of the buildout was scaled down to the Al Auja village level based on the total 

residential area of the two municipalities. 

 

Cost per Km = Total cost of build out in Jericho / Total residential area in Jericho 

 

Total cost of other infrastructure in Auja = Cost per Km * Total residential area in Auja 

 

Total estimated cost of project in Auja = $2.5 million + 7.9 million 

 

$10.4 million total estimated cost of project in Auja 

 

Due to operational and regulatory hurdles that must be overcome with large scale infrastructure 

construction, we estimate that this project will take about three years to complete after initially 

breaking ground. This is based on the same timeline created for the construction of the Jericho 

wastewater treatment System.89 Therefore, the initial benefit from the System will not be realized 

until the beginning of year three of the model.  

 

Sewage treatment tariff revenue: This encompasses the fee each village household will pay the 

wastewater service provider for wastewater treatment services. Due to differences in business 
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models between the two solutions, both the operations and maintenance expenses and the 

servicer fee components are included in this cost. This tariff revenue should ideally cover all of 

the relevant operations and maintenance, quality testing, and profits earned by a wastewater 

service provider. The estimated potential fee per liter earned from the system would be $0.275 

per liter.90 The estimated output of the system is estimated to be 2.4 million liters per year. 

Therefore, the total tariff revenue per year is estimated to be $986,404 per year.91    

 

Benefits to the Village 

 

Cost savings of septic maintenance: Estimates for household septic maintenance in Al Auja are 

estimated to be approximately $130 per month.92 A centralized system eliminates the need for 

cesspits and thus that $130 per month can be fully recorded as savings.  

 

 Maintenance cost savings = $130 per household * 721 households 

 $977,676 per year 

 

Additional agricultural revenue: This represents the additional agricultural revenue generated by 

the town as a result of wastewater being made available for agricultural irrigation. Both 

greywater and blackwater can be made available for irrigation due to the water going to a central 

wastewater treatment plant. The model calculated the additional dunums that would be possible 

to be supported by the addition of the wastewater to the irrigation supply.93 

 

Additional trees supported: 2.4 million litres per year output / 300 litres per tree  

7,957 additional trees 

 

 Additional dunums irrigated: 7,957 additional trees / 12 trees per dunum  

 663 dunums 

 

 Additional revenue per system: 663 additional dunums * $1,960 per dunum per year 

 $1,299,480 additional revenue per year 
 

COST OF CAPITAL 

 

The weighted average cost of capital demonstrates that a constant debt structure would be 

required to finance the solutions over the 30 year time horizon. The projects were assumed to be 

solely equity financed as is common with infrastructure projects targeting low income 

populations. The capital asset pricing model was used to obtain an estimate for the cost of the 

equity financing. Table 2 shows the estimates used in order to obtain a cost of equity of 11.98%. 

The risk free rate is the 30 year US Treasury bond.94 The Market Risk Premium is the average of 

the Market Risk Premiums for six Middle Eastern Countries provided New York University’s 

Stern School of Business.95 Finally, the estimated Beta was obtained by taking the average of 

seven publicly traded reusable energy/ resource companies unlevered Beta’s. All information 

used for the companies is publicly available on Bloomberg.96  
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Table 2: Cost of Capital Calculation 

Cost of Equity Estimated Beta Risk Free Rate Market Risk Premium  

11.98% 1.196 3.01% 7.50% 

 

COMPARISON OF THE NET PRESENT VALUE MODEL RESULTS 

 

Decentralized NPV results: The 30-year net present value model resulted in a present value of 

$3.2 million during the period. According to this model, the system would net a positive present 

value for the village in 5 years.  

 

Centralized NPV results: The 30-year net present value model resulted in a present value of -$3.2 

million during the period. 

 

 

Table 3: Comparison of the Model Results 

 Net Benefit Repayment Period 

Decentralized Solution $3.2 Million USD 5 Years Post Implementation 

Centralized Solution -$3.2 Million USD  N/A 

 

Analysis of the Model’s Results 

 

As the model shows, for the village of Al Auja, a decentralized system provides a major 

net benefit to the citizens while the centralized system is not economically feasible. Two factors 

in particular work against the centralized wastewater treatment solution: the required capital 

investment, and the amount of time it takes for the village to see a benefit. The total capital cost 

of the centralized system ($10.5 million) far exceeds the cost for the decentralized system ($2.4 

million). Due to the sparse population and limited ability to pay for the additional water supply, 

the village would be unable to recoup the losses of the massive upfront investment associated 

with the centralized system.  Additionally, the village loses another $2.2 million in benefit due to 

the fact that the benefits associated with the centralized solution are not realized until year three.   

 

With such a large disparity in net benefit, the results beg the question: in what scenario 

would a centralized system makes sense? Based on the amount of capital required to build out a 

complete centralized solution, areas with heavy population densities and greater ability to pay 

justify a centralized system. A sensitivity analysis based on a 10-year net present value was 

conducted in order to see under what population and area conditions would drive a centralized 

system to provide a net benefit. In order for a centralized system to have a positive net present 

value in 10 years in an area like Al Auja, the area would need to have 1,900 households, 

approximately 1,179 (164%) more households than are currently in Al Auja. In this scenario, the 
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centralized system would be able to take advantage of economies of scale, and drive down the 

cost per unit of filtered water.  

 

Sensitivity Analysis 

 

 In order to prove the robustness of the model, a sensitivity analysis was performed on 

both the cost and benefit factors for the decentralized solution. The below tables provide further 

evidence that the positive net benefit provided by the decentralized solution can withstand a rise 

in costs and a decrease in benefits. Table 4 shows the positive impact is upheld even when one-

time costs of installation and community engagement training is raised to $5.5 Million USD, and 

the yearly costs raised to over $500,000 USD. Understanding that raising recurring expenses will 

decrease the chances of community buy in, the net benefit to the village would still remain.  

 

Table 5 demonstrates the ability of the solution to remain beneficial in the face of falling 

benefits. The net benefit to the village is maintained holding costs constant if the monthly cost 

savings per system drops to only $30 USD per month. Furthermore, even if the system supports 

zero additional dunnams, and only the current water savings per month is accounted for, the 

village still is able to recoup their investment in these systems.  

 

Table 4 - Decentralized Sensitivity to Cost Increase  

 

 
 

Table 5 - Decentralized Sensitivity to Benefit Decrease 
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Regulatory Incentives to a Decentralized System 

 As mentioned in the cost-benefit matrix from Table 1, the regulatory frameworks 

surrounding both solutions create a stark contrast. The decentralized solution for rural villages is 

more beneficial than a centralized system not only economically, but also because it provides 

significantly less legal hurdles. The small-scale greywater reuse technology outlined in this 

report can be implemented without Israeli permits or permission from the Joint Water 

Commission, thus allowing Palestinian property owners to circumvent the current slow moving 

permitting process.97 Palestine’s Water Law establishes the Palestinian Water Authority 

(“PWA”) and assigns certain responsibilities to them.98 These responsibilities include “setting a 

general policy for the planning and evaluation of water and wastewater projects in terms of their 

economic and social feasibility, setting design and quality control standards, technical 

specifications, and monitoring their implementation.”99 The PWA is also tasked with 

“[s]upervising the organization of awareness raising campaigns in the sphere of water and 

wastewater and promoting the use of water saving fixtures in coordination and cooperation with 

the relevant authorities.”100 With regard to health standards, the PWA partakes in “the 

development of approved standards of water quality for various uses, in coordination with the 

competent authorities, and ensure their implementation.”101 

 

These laws may bring any project involving the use or transformation of wastewater 

under the purview of the PWA. However, the laws that address the use and management of 

wastewater seem to apply only to centralized operations. For example, Article 18 describes the 

objectives of the Water Sector Regulatory Council.102 The Council must monitor all matters in 

relation to the operation of Service Providers.103 This includes, the “production, transportation, 

distribution, consumption and wastewater management.”104 Service Providers are defined as: “ 

the National Water Company. Regional Water Utilities, local authorities, Joint Councils, and 

associations that provide water or wastewater service.”105 The Arava Institute, which has 

installed the current systems, does not fall within the any of the aforementioned categories, and 

also does not provide a wastewater service.106 Rather, the Institute essentially, provides an 

alternative method for disposing of wastewater at home.  

 

The responsibilities of the Council, where they relate to wastewater, also describe 

characteristics of a centralized system.107 Specifically, Article 24 states that the council is 

responsible for the “approval of water prices, costs of supply networks and other services 

required for the delivery of… wastewater services.”108 However, there are no water prices 

associated with the proposed greywater reuse system, and it does not deliver wastewater 

services. The Council also must issue licenses for the “operation of a facility” that supplies or 

treats wastewater.109 The technology provided by the Arava Institute cannot be qualified as a 

facility so much as a citizen operated alternative to under regulated cesspits which are commonly 

used in rural areas. The Arava Institute also does not produce, transport or distribute wastewater 

and is again outside the reach of the Council. 

 

A decentralized greywater system may be required to obtain a license issued by the 

PWA. This is largely because of the PWA must maintain a registry for all “water-related projects 

or works” as provided by Article 33.110 However, if the decentralized project does not fall within 

any other categories that the PWA or Council is tasked with regulating, it is unlikely that it will 

require a license. 
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 Furthermore, decentralized greywater systems may contribute to peace between Israel 

and the Palestinians, as they may foster greater compliance with the Interim Agreement. Under 

the Interim Agreement, the Palestinian Authority is responsible for managing and treating their 

sewage.111 The State of Israel claims that Palestinians have failed to comply with their part of the 

agreement, and thus are endangering health, the environment, and water resources because 

“sewage discharged from Palestinian communities in the West Bank flow by gravity towards 

Israel.”112 However, because small-scale, decentralized greywater reuse systems mitigate 

household waste, this may ultimately also improve relations between the two groups, as Israel 

will not have to treat as much Palestinian wastewater.  

 

 One legal caution to implementing small-scale, decentralized greywater reuse technology 

is that it will become more widespread, and thus, “interfere enough with the operation for sewers 

and water reclamation facilities to endanger legal or legislative action.”113 However, this is likely 

of little concern in the West Bank, where development of a functional regulatory mechanism is 

lacking. In 2011, the Institutional Water Sector Review evaluated PWA governance and 

management functions in the water sector and concluded that the agency, “showed signs of 

confusion regarding its role with several examples of conflict of interest within its mandate, 

while water was not given necessary strategic importance.”114  

 

 The new Water Law 2014 created the Water Sector Regulatory Council to initiate 

regulatory reform in the water sector in order to make way for a centralized systems, but such 

master plans for water treatment have failed in the past.115 In order to establish a new regulatory 

scheme sufficient not only to create a centralized solution for water and sewage management, but 

also to attract and sustain private sector participation, the PWA and WSRC must overcome many 

financial, structural, and social challenges.116 In order to do this, the Palestinian Authority will 

need to develop, “water tariff regulation, regional utilities regulation, regulation [for]t the 

licensing of service providers, and wastewater connection regulation,”117 all of which are 

currently lacking. They will also need to develop strict regulations for aquifer extraction and 

natural resource protection.118 To do all of this for a centralized system, Palestinians will need to 

merge many municipalities, keeping in mind social considerations and deteriorating 

infrastructure.119 Thus far, the process has been slow-moving; in 2015 the PWA noted that, 

“although there are some positive signs of private-sector participation in the procurement of 

infrastructure, political stability and institutional development are prerequisites to the 

development of a PPP market.”120 

 

As such, due to the absence of regulation, a centralized solution is unlikely. Additionally, 

the implementation and operation of decentralized greywater reuse systems and its operation will 

likely not be hindered by the unsteady and unreliable governance in place in many areas of the 

West Bank.  

 

ADDITIONAL CONSIDERATIONS SURROUNDING GREYWATER REUSE SYSTEMS 
 

Based on scientific studies, the conception is that greywater is of relatively good quality 

and only minor treatment is needed depending on its intended use.121 However, concerns remain 
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that greywater reuse for irrigation can compromise human health and negatively affect the 

environment because it can contain pathogens and contaminants that affect soil quality and water 

retention.122 

Concerns Regarding the Public’s Health 

The main concern regarding greywater reuse for irrigation is the increased risk of illness due 

pathogen and microbial contamination exposure. The potential for these exposures fluctuates as variations 

in household behaviors makes it nearly impossible to expect a common greywater effluent quality (3). 

This variation extends not only between households, but within households, as household and individual 

behaviors change over time and by season.123 Households with individuals who are sick with infectious 

diseases or perform practices such as bathing babies or laundering diapers are at a greater risk of 

spreading microbial pathogens via greywater.124 Reuse systems that connect multiple households may 

provider larger pools of susceptible individuals and increase the likelihood of proliferation of infectious 

contaminants.125 The concentration of contaminants can subsequently increase in regions with high 

evaporation rates.126 Additionally, stored greywater undergoes changes in quality which may include 

growth of pathogens and contaminants.127  Furthermore, the disposal of antibiotic substances into 

greywater may lead to microbial resistance.128 Specific exposure pathways identified with greywater reuse 

leading to health concerns include accidental drinking, aerosols generated by irrigation systems, hand-to-

mouth contact in the irrigation area, ingestion of crops irrigated with greywater, and accidental ingestion 

of greywater-irrigated soil.129 

 Concerns Regarding the Environment 

 

 While the health concerns surrounding greywater reuse in irrigation are well documented 

and explored, knowledge of long-term environmental impacts on soil and ground and surface 

water is limited.130 The accumulation of chemicals in greywater such as washing detergents may 

damage plants by affecting their growth through degraded soil properties.131 Detergents are high 

in salt content which increases soil salinity, which has been shown to affect the ability of water 

to absorb into the soil thereby reducing water availability.132 High salinity can also increase the 

movement of salt through the soil into aquifers leading to salinization.133 In addition to high salt 

content, greywater may contain different types of organic compounds originating from skin 

particles, food remains, and fabric fibers which can decrease the water holding capacity of 

soil.134 From the cooking process, grease and oil may also lead to soil infertility and cause odors 

and attract vectors such as mosquitos.135 

 

Case Studies Addressing Health and Environmental Concerns 

 

Several case studies have demonstrated that greywater reuse for irrigation poses no 

significant health concerns regarding. Two studies looked at communities that used greywater 

for irrigation in Australia and performed epidemiologic studies on the link between pathogens 

found in greywater and gastrointestinal illnesses. Both studies found no significant differences 

between greywater and freshwater communities regarding illness from pathogen or microbial 
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contamination.136 Additionally, a study out of Colorado State University (Colorado, United 

States) assessed the effects of treated greywater irrigation on soil properties after 5-31 years of 

irrigation and found that pathogen levels in the soil were generally not found at higher levels in 

treated greywater compared to freshwater irrigated soils.137  

 

A separate study investigated the possible long term effects of greywater use for 

irrigation on soil properties and pathogen exposure in Israel.138 Twenty individual vertical flow 

reconstructed wetlands (VFRW) systems were installed in two regions, either the northern and 

central region which has a Mediterranean climate or the Negev Desert and Jordan Rift Valley 

which has an arid climate. These systems were installed in the summer of 2009 and have been 

operating every since for drip irrigation in household gardens.139 Greywater and soil quality were 

analyzed at least every other month over three years and were compared to freshwater use in 

irrigation according to strict Israeli regulations for unlimited reuse for irrigation. The results 

showed that treating greywater reduced the average E.coli concentration by two orders of 

magnitude compared to untreated greywater. Researchers concluded that VFRW treated 

greywater had a two orders of magnitude decrease in e.coli concentrations compared to 

freshwater but there was no significant difference in e.coli concentrations between treated 

greywater irrigated soil and freshwater irrigated soil. This indicates that different greywater 

treatment systems have different effects on greywater quality but that quality doesn’t 

significantly affect soil quality or soil contaminant concentrations.140 However, the study noted 

that there was previous contracting evidence on the persistence of faecal coliforms in soil which 

led researchers to suggest that greywater should not be used to irrigate edible plants while tree 

crops posed minimal risk of pathogen exposure. Additionally, this study found an increased 

concentration of a common bleaching agent in greywater ,called “B”, which is known to impact 

crop growth and yields. Unfortunately, B is difficult to remove from water and must be reduced 

on an industry level through other regulations and standards. For example, Israel has addressed 

this issue by reducing the use of B in detergents by industry regulations.141 Interestingly, results 

showed that B concentration was only slightly higher in raw and treated greywater compared to 

freshwater and irrigated soils indicating that there may be no substantial effect on the 

environment with current use of detergents. Similarly, researchers found no significant 

difference in heavy metal levels between treated greywater and freshwater indicating there is not 

a significant chronic accumulation of these compounds in the soil.142  

 

Regarding soil quality in communities with greywater reuse, one study specifically 

looked at oil and grease accumulation in soil as a result of greywater irrigation.143 Researchers 

looked at six greywater reuse systems, both treated and untreated, in the Negev Desert, Israel that 

were primarily used for garden irrigation. These systems had been in operation for at least two 

years while some had been in use for more than seven. This study showed that oil and grease 

concentrations in soil increased as irrigation duration increased but there was not a correlation 

between these concentrations and water repellency.144 These results were consistent across soil 

systems, even for soil irrigated with greywater for more than seven years. While this study 

demonstrates that soil hydrophobicity and salinity may not be of significant concern, the impact 

of oil and grease should not be completely neglected since laboratory tests indicate there may be 

levels of oil and grease that increase water repellency.145 
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Water Quality and Monitoring 

 

 Greywater reuse can significantly decrease domestic water consumption and alleviate 

stress on existing water sources but appropriate treatment for health and environmental safety is 

needed.146 Treatment of greywater is popular in developed countries like Australia and the 

United Kingdom, which have extensive experience and technologies for reuse in irrigation 

practices.147 In less developed areas like Costa Rica, Jordan, and the Palestinian Territories, 

greywater reuse has been growing in popularity as water scarcity threatens natural sources.148  As 

the use of these systems increases, it has become apparent that effective monitoring and water 

quality systems vary from place to place depending on the severity of local water stress and 

existing governance in regulatory capacity.149 Nevertheless, while greywater reuse for irrigation 

is not a new concept, formal standards and quantitative guidelines for quality monitoring of 

greywater are not widely available.150 As a consequence, there is no widespread agreement about 

greywater reuse treatment and monitoring for agricultural activities.151  

 

In a decentralized system, treatment and monitoring are likely to happen at the local level 

which means these systems must be reliable, simple to use, and economically feasible.152 

Guidelines for these systems should therefore address the risks associated with use of greywater 

for irrigation such as health, plant growth and yield, and environmental effects as previously 

described.153 Health risk only exists where there is simultaneous hazard and exposure.154 

Therefore, risk can be reduced by improving quality of the greywater by removing or reducing 

hazards or by imposing barriers to exposure thereby preventing exposure to the hazard.155 

Because greywater is typically of good quality and nearly comparable to freshwater after 

adequate treatment (even by gravity filtration), most regulations addressing greywater rely on 

approaches that establish barriers to minimize human contact with potentially hazardous 

bacteria.156 Regulations adopted by countries regarding greywater generally overlook 

environmental risks but descriptive guidelines are becoming popular such as recommending only 

using environmentally friendly cleaning products or restricting disposal of toxic substances in 

greywater.157 Generally, if advanced treatment options are limited, guidelines address exposure 

barriers based on reuse purposes.158 

 

 There has been extreme discordance in the types of water quality indicators that have 

been used in scientific studies to evaluate the health risks of greywater reuse systems.159 Out of 

eleven studies in the past ten years, more than fifty different indicators were used. In the field of 

water quality monitoring, there are two types of tests. One type looks for the presence of a 

specific pathogen, contaminant, or byproduct which are more powerful but are very expensive 

since they usually require laboratory capabilities. The second type looks for the presence of 

categories of contamination without distinguishing the specific contents which are less sensitive 

but more affordable.160 With an overwhelming number of water quality indicators used among 

the scientific community to test greywater quality, coupled with the sensitivity and cost 

considerations of testing, choosing a direction to approach water quality and monitoring of these 

systems can be challenging. 

 

In 2011, the South African Water Research Commission was faced with a similar 

challenge.161 After turning to greywater reuse systems in the wake of drought, The Commission 

had to develop its own guidelines since the country had no previous laws or regulations which 



23 
 

addressed greywater specifically.162 The Commission focused on three driving principles for its 

approach to greywater: protection of human health, protection of the plants irrigated, and 

protection of the soil and environment.163 In developing its first guidance document for 

sustainable use of greywater to irrigate gardens and small-scale agriculture, The Commission 

relied on the conceptual framework of The World Health Organization’s (WHO) Guidelines for 

the Safe Use of Wastewater, Excreta and Greywater.164 As the Palestinian Territories move 

towards the adoption of these greywater reuse systems, The WHO’s Guidelines will serve as a 

foundation for the assessment and management of risks associated with greywater use in 

agriculture.165  

 

Community Knowledge of Greywater Use 

 There is a need for support and encouragement for the reuse of greywater, particularly in 

a decentralized system where community members have important roles in water quality and 

monitoring.166 Cultural barriers associated with reuse, such as Islamic countries that have 

negative attitudes towards any wastewater reuse, can affect acceptance of greywater reuse 

systems.167 To provide effective support to individuals and households that want to implement 

these systems, their views on water issues, motivation for reuse, and factors that affect adoption 

of widespread reuse need to be understood.168 As stated above, we have estimated an expense of 

approximately $98,350 for Al Auja as a cost related to these factors with the ability to increase 

this expense if necessary. 

 

 Many studies have been performed on community views regarding wastewater reuse but 

data focusing on greywater reuse is minimal.169 Of the available studies investigating public 

acceptance of recycled water have almost unanimously concluded that people are generally open 

to using recycled water for uses with low personal contact such as watering trees and more 

reluctant for uses with high personal contact such as showering.170  

 

A case study of community acceptance of greywater reuse for agricultural purposes in 

Deir Alla in the Jordan Valley provides evidence of this concept.171 Deir Alla is an off-grid 

community that is not connected to a sewer network and relies on cesspits for wastewater 

discharge. The community’s primary economic activity is agriculture with intensive irrigation 

practices since the 1960s to which most families rely upon for their livelihoods.172 Its main water 

supply is by public network, with 93.5% of community members relying on the network and 

67.4% relying on private water tankers which is indicative of water scarcity in the region.173 

After being introduced to the concept of greywater reuse, 70.5% of the community was willing 

to accept treated greywater for irrigation of agricultural crops and private gardens.174 Some 

members were aware of the environmental issues surrounding cesspits and were willing to 

embrace greywater reuse to minimize those effects. Additionally, 73.2% of people expressed a 

willingness to learn more about personal greywater reuse systems that could be installed in their 

homes or on their property.175 Prior to this study, 93% of community respondents were not aware 

of the greywater reuse concept which emphasizes the need for educational programs to 

encourage and spread implementation of these systems.176  

 

Two case studies in Western Sydney, Australia assessed community acceptance of 

greywater reuse systems for garden irrigation and found that 65.8% of members were willing to 
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irrigate gardens and lawns via these systems.177 This is likely lower than the acceptance rate seen 

in Deir Alla because there is a lower reliance on irrigation for livelihood.178 While a higher 

percentage of participants accepted harvested rainwater over greywater as a means of securing 

future water supplies, 80% of participants thought greywater could help reduce the impact of 

water scarcity.179 At the conclusion of the study, when the education of greywater reuse systems 

had increased, 92% of participants said they were willing to use more greywater to supplement 

current water supplies.180  

 

The above case studies demonstrate that the development of community knowledge 

regarding greywater reuse systems can increase the acceptance of these systems in areas affected 

by water scarcity. Education can increase through awareness campaigns, visits to current on-site 

greywater reuse systems, workshops by system owners, and group discussions.181  

Encouragement and support for the community to adopt these systems can be achieved by 

making practical information available and engaging current system owners in advocacy 

projects. Additionally, systems that are simple to install, operate, and maintain that decrease cost 

and energy requirements will help rural community adoption.182 

 

To ensure the cooperative management of community resource and the sustainability of 

greywater reuse systems there is an additional need for the effective participation of local 

community members in the planning, building, and monitoring of these systems.183  

 

IMPLEMENTATION IN AL AUJA 

 

  Having established that the decentralized solution will bring the largest benefit to the 

people of Al Auja, this report now explores what the real world implementation for these 

systems would look like. The most important aspect of implementation is establishing 

responsibilities surrounding the effluent testing and maintenance of the systems. This report 

explores the merits of two scenarios, one in which the villagers pay a fee to a service provider to 

step in and assume these duties, and another in which the villagers themselves assume 

responsibility. The relative costs and benefits of each scenario are such that they can be 

considered equally effective in theory. As a result, the decision to implement one scenario over 

the other ultimately depends on the overarching goal of the project and the sentiment of the 

community.  

Scenario One: Service Provider Solution to Governance 

Scenario one proposes that an existing service provider assumes responsibility for general 

maintenance and testing in exchange for a fee paid by the villagers. This provider will also help 

co-ordinate the implementation of the systems across the village. This approach essentially 

applies centralized oversight techniques to the decentralized system. The main advantage of this 

scenario is the provision of a reliable partner who is already equipped with the technocratic 

knowledge required to maintain the proposed system and the assurance that effluent testing and 

maintenance would be held to a high and consistent standard. The United Nations Development 

Plan conducted a Diagnostic Report on the Municipal structures in Palestine and found that 

Palestinian management of infrastructure initiatives was a problem that required immediate 

attention.184 The UN suggested that decentralized systems that promote public-private 

partnerships would increase Palestinian’s ability to handle public goods.185 By introducing a 
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service provider partner, the success of the system would not be hindered by governance 

problems at the municipal level such as low community engagement and lack of transparency. 

 

As explained in the model above, a revenue stream of $15,634 per month has been built 

in to be allocated to the service provider who takes on these duties. This service fee amounts to 

less than two dollars per month per household and would cover the additional costs for certain 

organizations. The model’s positive NPV is not highly sensitive to this figure as it will remain 

positive up to a service provider’s fee of over $110 thousand dollars per month. While it is in the 

best interest of the villagers that the suggested fee not reach this level, the model demonstrates 

that there is room to increase the fee if no provider is willing to take on the additional 

responsibilities. 

 

Two providers that possess ideal characteristics for stepping in and filling this role are the 

Bethlehem Water Authority and the Jerusalem Water Undertaking. Both of these companies are 

currently servicing large consumer bases in the West Bank, meaning that they are already 

equipped with the technology and knowledge required to carry out these governance duties.186 

Furthermore, water sector projects are seen to be safe investments in Palestine and specifically in 

the Jericho region.187 The average profit ratio in this area is 18% for water projects according to 

the Ministry of Local Governments, Al-Bira’s budget statement.188 The Jerusalem Water 

Undertaking is one of the most profitable service providers in the region, posting annual profits 

in excess of $820 thousand per year.189 They are also already conducting weekly water tests in 

their region that meet the World Health Organization’s standards proving they would not require 

additional infrastructure or knowledge.190 Finally, per their own website, they are partly funded 

by donor money, but require regular and constant revenue to cover investment in new projects.191 

This servicing fee would be almost pure profit and offer a diversified regular income source.  

 

The Bethlehem Water Authority offers a different scenario; they currently have the 

infrastructure and are servicing a large population, however they are quite unprofitable.192 

Funded by foreign aid in order to support the Palestinian Water Authority, the Bethlehem Water 

Authority is in desperate need of an alternative revenue stream. As with the JWA, this servicing 

fee would represent almost pure profit and would be hard to turn down for such an unprofitable 

enterprise.  

 

Both of these private entities would fall under the governance of the Palestinian Water 

Authority (PWA) and therefore need to comply with their standards in order to obtain the profits 

associated with the role. As stated above, the PWA ensures standards created in conjunction with 

competent authorities are implemented for water projects under their purview.193 This means 

bringing in the centralized water service provider method of governance ensures a high and 

consistent standard with regards to effluent testing and system maintenance.  

 

However, allocating these responsibilities to either provider concedes many of the 

benefits brought on by a decentralized solution. As stated in the Regulatory Incentives to a 

Decentralized System section of this report, the PWA’s authority over all water service providers 

could hinder the ability of the decentralized solution to drive value.194 The public-private 

partnership from the municipal perspective does seem to add value, however bringing the 
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centralized PWA will require the licensing of all systems under the mandate for the Water Sector 

Regulatory Council laid out in Article 18.  

 

Introducing service provider also means introducing regulation and permitting 

procedures. Depending on the efficiency and reliability of the administrative branch of the PWA, 

this could result in significant building delays. Further, the introduction of service providers and 

the legal oversight that comes with them creates an avenue through which the project could be 

halted or even prevented.  

 

Another important factor to consider is how partnership with service providers will affect 

community acceptance and participation. While implementation of this system is largely 

dependent on its financial efficacy, community acceptance is the ultimate determinate of its 

survival. It is important for the community feel that they have an ownership stake in the 

proposed system so they are motivated to do what is necessary to maintain it on their end and 

encourage other villagers to participate.195 A common feature of Palestinian life is the preference 

for internal management of daily operations, disputes and other facets of daily life, partnership 

with service providers runs contrary to this preference and as a result lessens the likelihood the 

communities will accept the system.   

Scenario Two: Community Solution to Governance 

Scenario Two proposes a completely decentralized framework in which the community is 

responsible for operation and maintenance of the system. The major benefit of this system is that 

it avoids the regulations associated with official systems and service providers and offers 

complete ownership and control to the villages and by extension encourage community care and 

maintenance. As detailed in the Regulatory Incentives to a Decentralized System section, under 

the current framework of the proposed system, the Arava institute is not a service provider and 

the system itself does not rise to the level of operation that would require it to be regulated. By 

extending governance responsibilities to the community these regulations are again 

circumvented.  

 

Professors Gregory Hicks and Devon Pena have posited that “the idea of water as a carrier of 

culture and as essential to identity may be especially important for communities of smallholder 

irrigators where water is both an essential economic resource and the basis for much of 

community life.” 196 As it stands many of the daily operations of the village of Auja involve 

community input and management, this scenario proposes that a Greywater Board be created as 

an extension of the community management framework. This would allow community members 

to make decisions regarding the systems and their maintenance and adequately assign 

responsibility for testing and repairs. In order for this governance structure to be carried out 

successfully it also proposed that an extension program be introduced along with the system. The 

Palestinian Water Engineers Group is responsible for the design of the system but has no 

continued involvement post implementation. The scenario suggests that a member of the team 

stay on for a one week practical seminar to educate the community in the operation of the system 

so that they may perform maintenance and repairs themselves. As part of this seminar 

community members would also be introduced to testing methodology so that they can monitor 

water quality. 
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This method is also financially feasible. The cost per household for operation and 

maintenance is $30 per month, a price that is significantly undercuts the current cesspit pumping 

costs of $130 per household per month. This immediate cost savings will help create buy-in from 

community members. This is especially informative for the success of this scenario as revenue 

creation drives much of the decision making process for most people in the region. This major 

gap between cesspit pumping costs before and after implementation leaves room for the system 

owner to charge the connected households a fee for the system’s operation and maintenance. The 

$30 dollars can be reasonably split with the household owning the system taking 40% while the 

connected households take 30% each. This split can be amended, however it accounts for the 

additional benefit from the ability to irrigate crops obtained by the system owner.   

 

There is also a distrust of allowing the private sector take over water services as it is a public 

good and a right. This is a sentiment that has been shared by the international community as 

well. The United Nations Conference on Environment and Development (“UNCED”) Agenda 21 

identifies a “specific connection between human rights and the right to participate fully in the 

management of natural resources on which life and culture may depend.”197 Specifically Chapter 

of Agenda 21 focuses on “enabling the poor to achieve sustainable livelihoods.”198 Sections 3.7 

and 3.8 speak to empowering communities and management-related activities respectively and 

assert that where non-governmental organizations have a proven ability to promote sustainable 

livelihoods and, where possible, these organizations should establish methods that encourage 

community participation and management of system.199 Section 3.8 also notes that “[h]igh 

priority should be given to basic education and profession training.” 200These sentiments relate 

back to the ultimate goal of the project which is to create a sustainable alternative for cesspit 

methodology through the mechanism of community development.  

 

However, this scenario is not without its drawbacks, it involves a large investment in 

community management and consistency and also lacks the built in technocratic knowledge of 

the service providers in scenario one. Relying solely on community governance also creates 

opportunities for lax management, inconsistent testing and irregular maintenance. This system 

also presents potential challenges in the realm of expansion as it may be difficult to guarantee the 

same effective level of community governance in each community.   

Comparable Business Model - Husk Power Systems 

 

In order to view the feasibility of how the decentralized model can become sustainable it 

is important to identify comparable business models that have been successful. Husk Power 

Systems is a small energy company that was born out of the necessity for reliable, cheap energy 

in an off-grid area in India201.Much like the development of the upflow gravel filtration system, 

after researching several energy sources, the founders settled on the most simplistic and cost 

effective method of energy creation202. Their system creates energy by burning rice husks (an 

agricultural waste product) and then it is distributed to a closed circuit of homes otherwise 

unreachable by the central power grid. The similarities are abundant: a reuse technology that 

takes a waste product and transforms it to fulfill a resource need for a population unreachable by 

a centralized system203.  
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         Their pilot study was done in the village of Tamkuha in Bihar, India. The village profile 

mirrors Al Auja with a population of a few thousand people and its geography making it 

economically unfeasible for them to be connected reliable to the central power grid. The 

founders recognized the remarkable economic factors in their favor: a cost effective means of 

transforming a waste product into energy, a cheap supply of this waste product, and an 

underserved and near unlimited market204. Their model was to deliver prepaid electricity using a 

closed circuit for each system.  

 

The systems were built at no cost to the users, however in order for the system to be put 

in place, the council of elders were required to enter a contract. The councils were responsible 

for the pre-paid fee collection, maintenance, and fraud management205. The founders also 

provided upfront training for individuals in the village on how the system is operated and what 

maintenance was required. The reason the council and villagers became engaged with the system 

was simply that it was cheaper for them. The former power sources, whether they be unreliable 

power from the central grid or from a portable generator cost anywhere from $0.30-0.35 per 

kilowatt-hour while the decentralized solution offered a more reliable product for $0.25206. Due 

to the cheap nature of their supply and the simplicity of the system, the pilot program began 

generating a healthy profit. This could act as a road map for the implementation of the 

community governance solution explained previously in the report. Once the community was 

able to see the economic benefits of its implementation, the communities in India were given the 

training and responsibility of the systems day to day operations.  

 

         Husk’s pilot system was economically feasible because it avoids the costly traps of 

traditional power companies. The value proposition presented in this report shows that the people 

of Al Auja are in a very similar position to the people of Tamkuha. They are facing the inability 

to rid themselves of a waste product effectively and a shortage of a necessary resource to help 

them flourish. In both cases, traditional centralized methods would burden communities as the 

initial investments could not be justified in low population densities while the decentralized 

methods leave a large benefit to be capitalized upon.  

 

SUSTAINABILITY OF THE DECENTRALIZED SYSTEM 

 

Just as Husk Power Systems was able to drive value by creating a sustainable solution at 

a lower cost than the traditional model, the gravel filtration system has economic value that can 

be capitalized on. Currently, the model’s net benefit figure is based on the systems being 

completely donor funded as was the case with Husk Power Systems. If this is the case, then the 

scenarios laid out in the Implementation in Al Auja sections above require no amendment. Either 

a central service provider would collect a fee from each household, or the individual system 

owner would partner with the connected households to collect a small fee to pay for the 

operation and maintenance costs. 

 

However, if donor aid is not able to fund the full cost of these systems, the Sensitivity 

Analysis section of this report shows there is room to build in a payment stream in order to offset 

the costs of outside investment. For Scenario 1, a payment stream would be built in the service 

fee that was collected by the water service provider. For Scenario 2, the Greywater Board would 

be responsible for entering into a contract with the citizens of the village to collect an 
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implementation fee. The payment stream would be again weighted to the system owners as they 

are reaping the extra benefit from additional water for crop irrigation. If only half of the capital 

needed for implementation was raised via donor funding, the remaining investment could be 

funded by adding an additional $5 dollar per month fee to all households reaping the benefit of 

lower cesspit pumping costs, and an additional $10 charge on the cesspit owners reaping the 

agricultural benefits. With these additional fees, the systems would maintain a net benefit to the 

town of over $2.4 million while repaying the outside invest within 20 years.  

 

FUTURE OF COOPERATIVE WATER USE 

 

 While this report has focused on local governance solutions for the successful 

implementation of greywater reuse systems, it is important to consider the wider regional 

governance issues of the area.  To analyze the possible advancement of Israeli-Palestinian water 

cooperation, two case studies are presented from pairs of countries that either have historically 

had contentious relationships with each other, will likely have contentious relationships in the 

future, have water-starved regions, or all three. 

 

 The first case study looks at the long history of water cooperation between the U.S. and 

Mexico.  The second case study overviews the largely successful but still fragile water 

agreement between India and Pakistan.  Finally, the report overviews the current water 

governance relationship between Israel and Palestine through the Joint Water Commission and 

extrapolates lessons that can be learned for the future regional governance of water. 

Case Study 1  - U.S. and Mexico Water Rights Cooperation: 170 Years of International Water 

Agreements 

 

 Western expansion within the United States resulted in large amounts of water being 

removed from rivers for irrigation, particularly the Rio Grande, which flows from Colorado 

mountains, through New Mexico, Texas, Mexico, and countless Native American reservations, 

and empties into the Gulf of Mexico.207  Diversion of river waters, paired with drought, became 

so great that the Rio Grande became dry at El Paso and Juarez, cities located near the 

northernmost section of the Texas-Mexico boundary.208  Lack of water devastated Mexico, 

resulting in the country’s government filing lawsuits asserting its citizen’s rights over the 

water.209  Furthermore, similar issues arose with the Colorado River, another body of water 

shared by and relied on by Mexico and seven states in the U.S.210   

 

Since then, water relations between the two countries have been affected by almost a 

dozen treaties and conventions that have resulted in extensive cooperation to ensure that each 

country receives its water needs by implementing projects from clarifying the border between the 

two countries to creating entities to govern water distribution projects within the border 

region.211  The 1944 Rivers Treaty governs water-delivery of the Colorado River, the Tijuana 

River, and the lower section of the Rio Grande.212  Water-delivery from the Rio Grande is also 

governed by the earlier 1906 Rio Grande Convention.213  These two main agreements provide 

the foundation for which current U.S.-Mexico water relations rely. 
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Governing Body 

         

 The agreements made through conventions and treaties regarding water-use between the 

U.S. and Mexico are carried out through the International Boundary and Water Commission 

(“IBWC”), an organization formally created through the Water Treaty of February 3, 1944.214  

Many similar organizations have preceded the IBWC, beginning with “temporary joint 

commissions to survey, map, and demarcate with ground landmarks the . . . [U.S.] – Mexico 

boundary[,]” as required by the 1848 Treaty of Guadalupe Hidalgo and the Gadsden Treaty of 

1853.215  Then, the Convention of 1884 formally created the International Boundary Commission 

(“IBC”), also initially a temporary organization and the immediate precursor to the modern-day 

IBWC, which helped to determine the water distribution for each country and aided 

infrastructure projects to better control the rivers.216   

 

         The current structure of the IBWC is composed of separate U.S. and Mexico sections.217  

Each section has a Commissioner, Secretary, two Principal Engineers, and a Legal Advisor, 

among other support roles.218  Each Commissioner is granted diplomatic status by the other 

country’s government, and the other main section leaders “are entitled in the territory of the other 

country to the privileges and immunities appertaining to diplomatic officers.”219  Any time the 

IBWC plans to take joint action, make joint agreement, or furnish reports, studies, or other plans 

to the U.S. or Mexico, such actions must be handled by the U.S. Department of State and 

Mexico’s Foreign Affairs Ministry.220   

 

The IBWC makes decisions through “minutes,” which are binding agreements used to 

carry out the intent of the treaties and take effect when approved by both the U.S. Department of 

State and Mexico’s Foreign Affairs Ministry.221  The IBWC determines the U.S.-Mexico border, 

provides “preferential attention to the solution of all border sanitation problems[,]” and provides 

for water-related infrastructure, including dams, flood controls, and wastewater treatment plants, 

in the border region.222  Unrelated to the IBWC but related to its mission, the U.S.-Mexico 

Border Water Infrastructure Grant Program, implemented by the EPA, provides a vehicle for the 

countries “to certify and fund environmental infrastructure projects in border-area communities” 

via funding provided by both countries.223   

Current Status 

 

         While the treaties and conventions governing water sharing between the U.S. and Mexico 

are still valid, a recent report by the Congressional Research Service acknowledges how the 

increasing demand, paired with drought and high temperatures, presents significant challenges to 

the successful continued water sharing between countries.224  Minute 319, relating to the 

Colorado River and approved in 2012, provides for “more cooperative basin water 

management[,]” sharing of cutbacks with Mexico during shortages, and allowing Mexico to 

“store” its promised water in Lake Mead.225  However, these provisions expire at the end of this 

year.226  Because the current administration’s relationship with Mexico does not appear to be 

very strong, it is uncertain how the treaties will be affected after the Minute expires, leaving 

uncertainty for all, but even more so for Mexico.227  Furthermore, the report highlights concerns 

that Texas stakeholders have regarding water-sharing of the Rio Grande.228  Again, it is uncertain 
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if these concerns, many of which relate to economic impacts in Texas border counties, will 

provoke any water-delivery changes, but it is an issue likely to be dealt with by the current 

administration.229   

 

         Although not directly related to water law, the Border 2020:  U.S.-Mexico Environmental 

Program (“Border 2020”) addresses general environmental issues in the region, with improved 

access to clean and safe water being one of the program’s main objectives.230  Border 2020 was 

born out of the 1983 Agreement on Cooperation for the Protection and Improvement of the 

Environment in the Border Area (the La Paz Agreement), and was preceded by a similar 

initiatives, including Border 2012, whose primary goals included reducing water contamination 

in the region and whose infrastructure projects benefit more than 7 million people.231  While no 

formal relationship exists between Border 2020 and the IBWC, regional working groups born of 

the environmentally-minded initiative are encouraged to include participation from IBWC, in 

addition to that of other stakeholders.232   

Case Study 2 - India and Pakistan Water Rights Cooperation:  The Indus Waters Treaty 

 

The Indus River originates in the Himalayan mountains of Kashmir, a geographic region 

controlled by India.233  From there, it flows northwest, before turning southwest and emptying 

into the Arabian Sea via Pakistan.234  When the Indian sub-continent was divided in the 1940’s, 

with religion playing a large role in the division, disputes arose over how waters from both the 

Indus River and other rivers in the Indus River Valley should be allocated between India and 

Pakistan.235   

 

Immediately following the partition of the countries, the contested waters were 

apportioned according to the Inter-Dominion Accord of May 4, 1948.236  However, with the 

accord being a temporary solution and neither side willing to compromise on its position, any 

progress quickly deteriorated and neither side continued to meet to discuss the pressing issues.237  

While on the verge of war over the disputed territory of Kashmir, it was suggested that the 

countries work on solving their water-sharing issues, with the hope that cooperation in one area 

would alleviate tensions in the other.238  Thus, began the long road to agreement on water 

distribution between the two countries.239   

 

The Indus Waters Treaty was signed on September 19, 1960, and was entered into by 

India and Pakistan to help ensure “the most complete and satisfactory utilization of the waters of 

the Indus system of rivers.”240  The World Bank, also a signatory to the treaty, helped the 

countries negotiate the Indus Waters Treaty, which finally came to fruition after nine years of 

discussions.241  The treaty has no expiration date and arguable owes its success to the World 

Bank’s role as a third party.242   

Governing Body 

 

         The Permanent Indus Commission (“PIC”) is the governing body that implements the 

treaty, with each country having its own commissioner.243  Similar to the agreement between the 

U.S. and Mexico, India and Pakistan have agreed to provide the commissioners diplomatic-esque 
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protections.244  The PIC is expected to meet at least once a year, as well as provide annual reports 

to both governments detailing any work that the PIC has undertaken.245   

 

The PIC’s main role is to determine how cooperation and information exchange between 

the two countries relating to water-use will be handled.246  It is tasked with studying any 

problems relating to the development of the rivers, settling any “questions” arising under the 

treaty, and touring the rivers to inspect the status of the waters and water-related projects.247  

While “questions” are handled by the PIC, “differences” among interpretations of the treaty are 

to be resolved by a neutral expert, typically chosen by the World Bank.248  Alternatively, 

“disputes” surrounding the treaty are heard by a seven-person arbitral tribunal, whose members 

are also selected by the World Bank.249   

Current Status 

 

Despite the long-lasting success of this water treaty between two contentious states, 

recent events have shaken the foundation and future of the treaty.  Last year, after Pakistani 

terrorists attacked an Indian Army Camp, the Government of India decided to review the treaty 

and decide whether it should suspend the power of the PIC.250  Such action could have been 

construed as a violation of the treaty, although India ultimately did not move forward with 

suspending its participation in the PIC.251   

 

Even more recently, two new projects initiated by India threaten to disrupt the existing 

treaty.  Pakistani officials claim that India’s Kishanganga and Ratle hydropower projects on the 

western rivers are in violation of the Indus Waters Treaty.252  According to the treaty, “India is 

allowed only non-consumptive use of water from the three western rivers in the Indus basin,” a 

statement which India believes it is not violating.253  Currently, the World Bank has paused its 

intervention and is helping the neighboring countries resolve the issue on their own, without any 

formal processes that may damage the goodwill of the treaty.254   

 

As water needs increase, it would not be surprising to seem similar disputes arise in the 

future, testing the strength of the treaty. 

Cooperation Between Israel and Palestine Regarding Water Issues:  The Joint Water 

Committee 

 

 Israel and Palestine entered into agreement to form the Israeli-Palestinian Joint Water 

Committee (“JWC”) through the Oslo Interim Agreement of 1995.255  The Agreement, which the 

parties signed on September 28, 1995, superseded the Gaza-Jericho and other early agreements 

and broadened Palestinian self-governance in the West Bank: 

 

 “. . . Palestinian self-government in the West Bank[,] by means of an elected self-

governing authority -- the Palestinian Council[,] . . . will allow the Palestinians to 

conduct their own internal affairs, reduce points of friction between Israelis and 

Palestinians, and open a new era of cooperation and co-existence based on common 

interest, dignity and mutual respect. At the same time it protects Israel's vital 
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interests, and in particular its security interests, both with regard to external security 

as well as the personal security of its citizens in the West Bank.”256   

 

The Interim Agreement, created a temporary solution to water rights cooperation between the 

jurisdictions through the JWC.257   

 

 The JWC consisted of an equal number of representatives from both Israel and Palestine, 

and required a unanimous vote for any decision.258  Through the 1995 Agreement, the JWC was 

delegated to “manage water resources and enforce water policies” that would protect the interests 

of both jurisdictions “for an interim period not to exceed five years from the signing of the Gaza-

Jericho Agreement (i.e. no later than May 1999).”259  Among other things, the Agreement 

granted the JWC power to approve any water resource or system development and new well 

licensing and drilling.260  Because of its temporary nature, the JWC had not met regularly since 

2010.261   

 

 Recently, Israeli and Palestinian authorities have agreed to restart the Joint Water 

Committee, which has not met regularly for the past six years.262  The deal, signed by Maj. Gen. 

Yoav Mordechai, Israel’s Coordinator for Government Activity in the Territories, and Hussein 

al-Sheikh, Palestine’s Minister of Civil Affairs, grants new autonomy to the Palestinian 

Authority, allowing it to move forward with many infrastructure projects in Areas A and B 

without approval from the JWC, paving the way for almost 100 projects that have been stalled 

since the JWC last met in 2010.263  Even more striking, the agreement grants the Palestinian 

Authority the authority to operate in sections of the Israeli military controlled-Area C, allowing 

the authority to initiate infrastructure projects in encampments and villages without the approval 

of JWC.264  Alternatively, projects in Area C that cross outside of these area or any matter in 

Palestine that pertains to wells and underground water must still be approved by the JWC.265  

Some public interest groups focused on the water issues of the area seem hopeful with the new 

agreement, but note that the details are not yet public.266  This new water agreement came among 

other similar joint infrastructure agreements between the two jurisdictions involving electricity, 

mail, and 3G cellular coverage.267  It also outlines the lofty goal of long-term strategic planning 

to ensure water provisions for the area’s growing population until 2040.268   

 

 While the renewal of the JWC seems to be significant step toward solving some of the 

area’s most pressing water issues, tensions still exist regarding how water infrastructure and 

other projects in Israeli settlements within Palestine will be handled.269  No recent information 

beyond January could be found concerning the new agreement hopefully, this is not a sign of 

stagnation for the progressive and much needed agreement. 

Lessons Learned from Other Transboundary Water Agreements 

 

As shown through both the U.S.-Mexico and India-Pakistan water treaties, long term 

agreements regarding water security are possible between countries with water-starved regions 

and contentious political relationships.  The re-activation of the JWC is a hopeful first step 

toward a similar long-lasting agreement between Israel and Palestine.  Many changes to the 

JWC, such as lessening the requirement for approval of many infrastructure projects, are crucial 

steps taken to ensure that the regions can receive adequate amounts of clean water. 
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However, the JWC can benefit from lessons learned from each case study.  Having a 

neutral third party, such as the World Bank in the India-Pakistan agreement, to help settle 

disputes can ensure effectiveness of the agreement as well as a systematic process removed from 

regional politics.  Furthermore, providing a system to help fund infrastructure programs, such as 

that implemented in the U.S.-Mexico agreement, can be beneficial to both jurisdictions’ 

environment and public health. 

 

While little progress regarding the reboot of the JWC has been publicized, the need for 

Israel and Palestine to implement an effective water treaty in the coming years is of utmost 

importance with the increasing pressure of climate change.  The prospective renewed agreement 

between the two jurisdictions is a crucial step toward improved water security and public health 

in the region.  

 

CONCLUDING REMARKS 

 

 The Analysis in this report serves as evidence that a decentralized system for greywater 

reuse not only is beneficial to communities in the West Bank, but is a more economically and 

legally sound approach than traditional models.  Due to low population densities and low initial 

investment, our economic model shows the disparity in outcomes from a decentralized system 

when compared to the centralized approach. These potential gains warrant further investment 

and research to investigate the potential governance and implementation models.  
 

As greywater reuse systems have increased in popularity in water scare regions, scientific 

studies have assessed the health and environmental concerns affiliated with these systems. 

Because treated greywater is typically of higher quality, these systems do not provide significant 

public health risks regarding pathogen or microbial contamination or environmental risks related 

to soil hydrophobicity and salinity, even with unlimited use for agriculture. However, risk 

management and water quality monitoring practices guided by The WHO guidelines can provide 

a sufficient foundation for managing potential health and environmental risks associated with 

these systems. 

 

Looking ahead to the future, the revival of the Israeli-Palestinian Joint Water Committee 

is an important step toward ensuring water security in the region, as seen through other 

transboundary cooperative water agreements.  However, such cooperation takes time to be 

effectively implemented.  The analysis of the decentralized greywater reuse systems analyzed in 

this report are crucial in the short term and may also play a larger role as the two territories 

continue to work together through the JWC and other means. 
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