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Introduction

The use of reclaimed water in agriculture is an option that is increasingly being 
investigated and taken up in regions with water scarcity, growing urban populations 
and growing demand for irrigation water. FAO Water Report 35 presents an economic 
framework for the assessment of the use of reclaimed water in agriculture, as part of a 
comprehensive planning process in water resource allocation strategies to provide for 
a more economically efficient and sustainable water utilization. 

Reuse as a response to water scarcity

Many regions of the world are experiencing growing water stress. This arises from a 
relentless growth of demand for water in the face of static, or diminishing, supply and 
periodic droughts due to climatic factors. Water stress is also caused by pollution from 
increasing amounts of wastewater from expanding cities, much of it only partially 
treated, and from the contamination of aquifers from various sources. Such water 
pollution makes scarcity worse by reducing the amount of freshwater that is safe to 
use. Water scarcity in all its aspects has serious economic, social and even political costs. 

At times of serious scarcity, national authorities are inclined to divert water from 
farmers to cities since water has a higher economic value in urban and industrial use 
than for most agricultural purposes. In these circumstances, the use of reclaimed 
water in agriculture enables freshwater to be exchanged for more economically and 
socially valuable purposes, whilst providing farmers with reliable and nutrient-rich 
water. This exchange also has potential environmental benefits, reducing the pollution 
of wastewater downstream and allowing the assimilation of its nutrients into plants. 
Recycling water can potentially offer a “triple dividend” - to urban users, farmers and 
the environment. 

Different schemes of direct use of treated or untreated wastewater
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Reclaimed water use can help to mitigate the damaging effects of local water scarcity. 
It is not the only option for bringing supply and demand into a better balance – and 
WR35 shows how different options can be analysed for comparison – but in many 
cases it is a cost-effective solution, as the growing number of reuse schemes in different 
parts of the world testify. A recent comprehensive survey found over 3,300 water 
reclamation facilities worldwide. Agriculture is the predominant user of reclaimed 
water, and its use for this purpose has been reported in around 50 countries, on 10% 
of all irrigated land. 

Benefits of reuse

The feasibility of reuse will depend on local circumstances, which will affect the 
balance of costs and benefits. The major benefit in most cases is likely to be the value of 
the fresh water exchanged for high-value urban or industrial use. This would lessen the 
cost for municipal authorities of seeking their supplies through more expensive means. 
In addition, reuse prevents untreated wastewater discharge to coastal and groundwater 
systems with ecosystem and tourism benefits.

Depending on the local situation, there could also be benefits to farmers if they can 
avoid some of the costs of pumping groundwater, while the nutrient present in the 
wastewater could save some of the expense of fertilizer. There could also be benefits 
to the local environment from reduced flows of untreated wastewater – though the 
interruption in the downstream water cycle could have other, less beneficial, effects. 

Costs of reuse 

The costs of the reuse option could include the installation or upgrade of wastewater 
treatment plants (WWTPs) to produce effluent of the desired standard, any addition 
or modification to the infrastructure for water and reclaimed water distribution, the 
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extra recurrent costs of treatment, and the cost of any produce restrictions imposed 
by the use of reclaimed water in irrigation. Where climatic and geographical features 
are suitable, low-cost treatment of wastewater may be an option through the use of 
stabilisation ponds, constructed wetlands, etc.  The net cost of treatment may also be 
reduced through the reuse of biogas for energy and power in the intensive treatment 
processes, or potentially through the sale of carbon offsets. 

Economic justification

The economic appraisal of the project should be from a regional basin viewpoint, 
comparing its economic costs and benefits. Judging by the evidence of our case studies, 
it is unlikely that schemes could be economically justified with reference only to 
agriculture. Although farmers may be net beneficiaries from using treated wastewater, 
compared with their previous or alternative sources of water, this depends very much 
on local circumstances, and in any event their net benefits are unlikely to offset the 
full costs of the scheme.  On the other hand, the benefits to urban and industrial users 
could be relatively sizeable, and in most cases would be the principal justification for 
the project.  The net impact of the project on the local and downstream environment 
will also be very site-specific, and there are likely to be both benefits and costs.  

Financial feasibility

Once the basic economic justification of the project is established, the next step is to 
examine its financial feasibility. The distribution of the costs and benefits of the project 
between different stakeholders is crucial to its feasibility. Its impact on the finances 
of the various stakeholders – national government, regional water authority, farmers, 
municipal utility and/or other major players – should be assessed. Financial gainers 
and payers should be identified to gauge the incentives, or conversely the penalties, 
to be applied and the type of funding that would be appropriate. Water charges, taxes, 
subsidies, soft loans, environmental service payments, and other instruments could all 
form part of the financing proposals. 
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A planning framework 

The economic framework for 
wastewater reuse is intended to fit within 
a comprehensive planning framework. 
A sound and methodical planning 
approach will assist in identifying all 
the relevant factors necessary for the 
decision to proceed with a project. 
WR35 presents such a planning 
framework, its key elements being: 
identification of problem and project 
objectives; definition of study area 
and background information; market 
assessment and market assurances; 
identification of project alternatives; 
appraisal and ranking of project 
alternatives; and implementation. 
Among the major specific technical 
issues to be addressed are: facilities 
and infrastructure, balancing supply 
and demand, wastewater quality, and 
public health risks and safeguards. 

Factors essential for the success of reuse projects

The feasibility of reuse projects hinges on several key factors. The physical and 
geographical features of the area should be conducive to an exchange of water rights 
between the parties concerned. The extra costs (of treatment and infrastructure) should 
be affordable in relation to benefits. Farmers should be supportive, which depends on 
the net impact on their incomes, the status of their rights to freshwater, and what are 
their alternatives. Public health authorities should be satisfied that the projects pose no 
undue risks, after reasonable precautions have been taken. Finally, the environmental 
impact should be acceptable: the same impact may be acceptable or not in different 
circumstances, and different authorities will place a different weight on specific impacts 
in forming an overall judgement.1 

A reality check – case studies from Spain and Mexico

On a global scale, only a small proportion of treated wastewater is currently used 
for agriculture, but the practice is growing in many countries, and in some regions a 
high proportion of reclaimed water is used in irrigation. The variety of case material 
presented from Spain and Mexico provides a good field testing of Methodologies of 
Cost-Benefit and Cost-Effective Analyses. The case study results demonstrates that the 
methodology presented for appraising wastewater reuse projects is viable. Although 
the Cost-Benefit Analysis analytical framework is well able to incorporate the interests 

1 Local environmental policy (pollution taxes, payments for environmental services, incentives for the 
recovery of heat from biogas, etc.) could tilt the balance in favour of reuse schemes. 
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of municipalities and farmers, there is an important third party at the table – the 
environment – which needs a champion and a custodian. Reflecting the needs of the 
environment, valuing its assets and services, and ensuring that its financing needs are 
met, is a challenge to analysts in this area. The case studies confirm that reuse is an 
area ripe for the application and refinement of the tools of environmental cost-benefit 
analysis.

The case material demonstrates that certain items of costs and benefits are more robust 
than others. On the cost side, the capital costs of treatment units, pumps and canals 
can be estimated with high confidence, and their operating costs (pumping, chemicals, 
labour, etc.) are also fairly evident. The technology of wastewater treatment and 
its future level of unit costs are liable to change, and future options should not be 
prematurely foreclosed.  

Most of the case studies stress the perceived benefits to farmers from the nutrient 
properties of effluent, plus savings in groundwater pumping and the greater reliability 
of effluent compared with other sources of water in arid and semi-arid climates. 
While pumping costs are reasonably firm, the benefits of fertilization depend on local 
empirical evidence (“with and without project”). The value of reliable wastewater 
also needs to be demonstrated more convincingly, e.g., by a closer study of farmers’ 
response behaviour where water supply is erratic or scarce. 

From the viewpoint of urban water demand, the case studies reflect the widespread 
view that water supply tariffs are too low, hence there is a pervasive underestimation 
of the benefits created by developing new solutions to growing demand. However, 
some of the cases illustrate the importance of distinguishing genuinely new benefits, 
on the one hand, from the avoided costs of meeting existing demand in a different way.  

The analysis of the case studies has implications for policy towards the use of reclaimed 
water, depending on what its principal objectives are:

 • as a feasible and cost-effective means of meeting the growing demands of 
agriculture for water in regions of growing water scarcity and competition for 
its use. This motive also applies in situations where demand is not necessarily 
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rising, but where periodic water scarcity is a problem for farmers planning their 
annual crop patterns. The case studies contain evidence (revealed preferences) 
of farmers responding positively to the use of effluent in these situations, as 
a temporary expedient or long term solution.  However, effluent reuse is one 
amongst a number of options at farm level to minimizing exposure to water risk. 
Moreover, the creation of expensive distribution and storage facilities, with a 
high recurrent cost, in order to furnish water for low value farm purposes, is not 
always warranted – unless there are benefits to other sectors.

 • as an environmental solution to the growing volume of wastewater effluent and 
its potential for downstream pollution. The Mexico City-Tula case is the clearest 
example of the mutual benefit for the City and farmers from disposing of urban 
sewage and effluent to agriculture – and allowing natural processes to carry out 
some of the purification en route. Reuse schemes allow the dispersion of effluent 
and its assimilation across a wide area, as compared to the point source pollution 
from WWTPs. The reuse of effluent nutrients in crop production, rather than 
their removal and effective destruction during advanced processes of wastewater 
treatment also has a strong appeal to many Greens. The case studies confirm 
these environmental benefits of using reclaimed water. 

 • as a “win-win” project that is a solution to urban water demand, while also 
delivering the agricultural and environmental benefits stated above. The 
Llobregat sites and Durango City are clear-cut examples of potential win-win 
propositions since in both cases it is physically and geographically feasible for 
farmers to exchange their current entitlements to freshwater for effluent, and for 
the cities to gain access to the freshwater rights that are thus “released.” 

Whether or not “win-win” outcomes occur depends on legal and other barriers being 
overcome, as well as successful negotiation over the financial arrangements between 
the parties to the deal. It must not be assumed that farmers will readily give up their 
rights to freshwater, without further consideration of their operational situations. 
Most farmers prefer to have several water sources as insurance against drought. A 
cost-benefit approach helps to set the parameters for agreements between the main 
stakeholders, which in this report are assumed to be farmers, cities and the natural 
environment. It helps to define the interests of the parties in moving towards, or 
resisting, agreements that change the status quo.  Where the balance between costs and 
benefits for one party (e.g. farmers) is very fine, the existence of a large potential net 
benefit to another (e.g. city or environment) can provide “headroom” for agreement 
by indicating the economic or financial bounty available to lubricate the deal.

The overall message the report seeks to convey is that the recycling of urban 
wastewater is a key link in Integrated Water Resource Management (IWRM) that 
can fulfil several different, but interrelated objectives. These are expressed as win-
win propositions, delivering simultaneous benefits to farmers, cities and natural 
environmental systems, part of the solutions to the urgent global problems of food, 
clean water, the safe disposal of wastes and the protection of vital aquatic ecosystems. 
The traditional “linear society” is not a sustainable solution and the “circular society” 
has to become the new standard.

WR35 is based and contains an extensive bibliography, testimony to the large and 
growing interest amongst the professional and policy communities in this important 
topic.
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