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ABSTRACT
This article proposes a new urban ecological paradigm that values urban wastewater as a renewable, reliable, 
freshwater resource for urban farming. The potential benefits of time-tested solutions applied in urban settings 
have been largely unexplored due to lack of societal acceptance. The research presented herein investigates 
various aspects of closed-loop systems that localize wastewater treatment and capture the rich resource of 
nutrients and water, maximizing food production capabilities within urban settings. The focus is on theoreti-
cal underpinnings and general practical considerations. This includes an examination of the necessity of such 
a new paradigm, how closed-loop systems work, a brief risk/benefit analysis, case studies exemplifying both 
open- and closed-loop arrangements and a blueprint for further action.  A water and nutrient closed loop design 
sensibility can be the foundation for healthy, self-sustained, resilient cities of the future. The article stops short 
of providing spatial configurations or detailed risk assessments, leaving those for further research.

KEYWORDS: urban food production, water and nutrient closed-loop systems, resource efficiency, wastewater 
treatment and reclamation, sustainable agriculture, wastewater-irrigated farming

Figure 1: An imagined day-in-the-life of a city fueled by and thriving on a resource-efficient, closed-loop development.
Image Credit: Charles Chiang, Perkins and Will



RESEARCH JOURNAL / VOL 02.01

      68

Figure 2: Current flow of resources into and out of the city is linear and wasteful.

1.0 INTRODUCTION
Food security and water scarcity are among the most 
pressing issues facing cities across the globe. Food 
security is defined as both economic and physical ac-
cess to the food supply, sufficient in both quality and 
quantity, at all times regardless of climate and harvest, 
social level and income1. Water scarcity is the point at 
which, under prevailing institutional arrangements, the 
aggregate impact of all users impinges upon the supply 
or quality of water to the extent that the demand by all 
sectors, including the environment, cannot be satisfied 
fully2. Water scarcity is also defined as the condition in 
which annual water supplies per person drops below 
1000 cubic meters2. 

Our current wasteful consumption pattern is a linear 
flow of resources into and out of the city (Figure 2). All 
food is produced elsewhere and transported in to the 
city and all wastewater generated is pumped out to the 
vast water bodies outside the city. Wastewater or sewage 
is liquid waste discharged from homes and commercial 
premises to municipal sewer pipes and contains hu-
man excreta and used water. When produced mainly 
by households and commercial activities, it is called do-
mestic or municipal wastewater. Municipal wastewater 
does not contain industrial effluents. For the purpose of 
discussion, this article has assumed wastewater to be 
municipal wastewater.

Access to fresh food for many cities is a constant chal-
lenge, while unsustainable consumption of potable wa-
ter for non-potable uses is increasingly threatening our 
freshwater resources. With over half of the world’s pop-
ulation now living in cities, and those numbers consis-
tently on the rise, urban demand for food and water will 
continue to escalate. As cities continue to grow, more 

and more resources will be channeled into them gener-
ating more waste in the form of urban wastewater. The 
larger the growth in population, the larger the volume of 
wastewater generated. Thus, the current urban popula-
tion growth trend will correlate to urban wastewater as 
an ever-growing resource for water as well as nutrients 
in it. Reliable and renewable, this supply of water and 
rich nutrients could be harnessed to support urban 
farming. Following the approach outlined herein, cities 
with their teeming millions could provide a solution to 
their own problems of food security and water scarcity.

2.0 FOOD AND WATER: 
      THE CURRENT STATE OF AFFAIRS

2.1 Access to Fresh Food 
The health of a community is closely related to access 
to affordable, fresh food choices. Historically, poorer 
neighborhoods have been underserved for fresh food. 
Very often the cost of transporting fresh fruits and veg-
etables over long distances makes it unaffordable for 
communities of low income. They rely on cheaper, pro-
cessed and packaged food options for their daily diet. 
These neighborhoods and communities are commonly 
referred to as “food deserts” denoting limited access to 
affordable and nutritious food. Problems of obesity and 
diabetes abound in these communities due to forced, 
unhealthy food habits. The current food supply system 
denies these communities the basics of a healthy life. 

2.2 Dwindling Freshwater Reserves
It is an oft-overlooked fact that the world’s freshwater 
supply is finite. Water on Earth, considered over a long 
span of time, has been constant. It changes its state 
often from liquid to vapor and to ice and back to liq-
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Figure 3: Open-loop (linear) potable water usage pattern.

uid. However, there is as much water on earth now as 
there was hundreds of millions of years ago. Freshwater 
reserves on Earth, on the other hand, are dwindling. 
There is a higher percentage of salt water in our global 
ecosystem now. Freshwater accounts for only two and 
a half percent of all the water available on Earth. Two-
thirds of this is locked in glaciers, leaving less than one 
percent available to meet the water needs of all living 
being on Earth2.

As the population on Earth increases, the use of fresh-
water far exceeds the pace at which nature is able to re-
plenish and recharge its reserves, leading to dwindling 
resources. In light of this, the single-use urban water 
consumption pattern of use and discharge is irrational 
in that as it puts unnecessary stress on the freshwater 
reserves of the planet. It is not only irresponsible, but 
highly inefficient to serve all city water needs with pota-
ble water, especially since on-site reclaimed water could 
be used to meet many of our water demands without re-
quiring large-scale treatment facilities or long-distance 
transportation.

The World Water Development Report, published by 
the United Nations [2003], states that more than 50 
percent of all countries will be facing a water crisis by 
2025. Stress on our freshwater reserves has a direct 
relation to food production since agricultural use ac-
counts for about 70 percent of the average global fresh-
water needs2. Though this pattern varies from country 
to country depending on the climate, population size 
and the economic condition, supplementing the fresh-
water needs of food production with alternative sources 
is an absolute imperative.

2.3 Vagaries of Nature
Rainfall is a primary source of irrigation in many predom-
inantly agriculture economies. However, the amount of 
rainfall received by any region varies greatly from year to 
year, making the quantity and quality of harvest highly 
unpredictable. Agriculture is the first sector that gets 
affected in times of water shortage leading to an over-
all reduced food production. Given the uncertainties of 
nature, the world is placing a growing importance on 
wastewater as an alternative and reliable resource for 
irrigation. Australia and the arid and semi-arid coun-
tries in the Middle-East have been on the forefront of 
advancing cost-effective and low-energy technology for 
wastewater treatment and reuse in agriculture. This has 
helped supplement these nations’ scarce freshwater 
resources to ensure continuous food production while 
minimizing net water consumption.

2.4 Infrastructure Inadequacies
Conventionally, in the developed world, urban waste-
water moves through an extensive network of hidden 
infrastructure to large-scale, centralized wastewater 
treatment facilities that remove suspended and dis-
solved toxins and then discharge the treated water into 
oceans and freshwater bodies. However, a vast number 
of cities in emerging economies cannot afford such an 
expensive network of infrastructure or do not have the 
resources to run and maintain it. Additionally, in many 
growing cities where treatment plants do exist, they do 
not have the capacity to treat all the wastewater gener-
ated. Most such cities provide only primary treatment, 
leaving most of the wastewater nutrients to be dis-
charged into the receiving water bodies. Nitrogen and 
phosphorous, the primary nutrients in wastewater, so 
critical for plants, cause algae blooms that are harmful 
for marine life. The damage to marine life due to the 
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current system of untreated wastewater disposal has 
been colossal. 

Even where extensive, responsible wastewater infra-
structure exists, in many developed countries it is 
showing its age. Water pollution, soil contamination 
and spread of waterborne diseases due to leakage and 
spillage are increasing, costing the local government 
and the residents in terms of both health and wealth. 
The prospect of reinstalling a new city-wide network for 
wastewater collection and treatment is tremendously 
daunting to local governments. Localized, individual 
fixes in the next couple of decades will cost billions of 
dollars. Thus, regarded in the context of long-term vi-
ability, an ecological and economical approach that 
advocates decentralizing the process in order to treat 
water locally and naturally and allow it the opportunity to 
be reabsorbed back in the local ecosystem emerges as 
the best solution. This on-site wastewater treatment and 
reuse mimics the closed cycle of a natural ecosystem.

As we revisit our expensive fresh food supply network, 
burdened system of water supply, inadequate waste 
disposal infrastructure and attempt to address issues 
of economic resilience, we ought to seek every oppor-
tunity to conserve resources and build synergies. These 
challenges, along with the awareness of growing urban 
populations and accelerating climate change, beg us to 
rethink the existing conventional urban systems. Having 
the foresight to close the water and nutrient loop within 
all new developments will help cities take a big leap to 
address the food and water crisis. 

3.0 NEW URBAN ECOLOGICAL PARADIGM 
This article proposes a new urban ecological paradigm 
that regards urban wastewater as a renewable, reli-
able, freshwater resource for urban farming, offers a 
‘value-added’ vision for the future of cities, represent-
ing as it does a truly new source of freshwater. Natu-
rally treating urban wastewater through the adoption of 
less energy-intensive, nature-mimicking, methods will 
create a whole new urban landscape that is functional 
and productive. This model advocates food production 
in urban farms as a vital infrastructure element within 
cities as well as a relevant green economy building on 
the new freshwater resource. Land use and zoning des-
ignation for urban farms (agriculture) in dense urban 
environments should be as important to a city as is its 
open space designation. As illustrated in Figure 4, this 
decentralized system will regenerate the urban ecosys-
tem, manage urban wastewater and serve as a building 
block for a green economy by way of urban farms.

The new urban ecological paradigm attempts to offer 
a global solution that, once tailored for contextual re-
sponses, could be adopted in all communities irrespec-
tive of geographic, climatic and economic differences. 

4.0 RECLAIMING WATER BY NATURAL TREATMENT 
An important component of the closed water and nutri-
ent loop, natural treatment is a simple and cost-effec-
tive method that employs nature’s biological processes 
to reclaim clean water from wastewater. It is an energy-
passive procedure wherein wastewater is made to flow 

Figure 4: Closed water and nutrient loop within cities.



by gravity through a constructed wetland. The aquatic 
vegetation in the wetland absorbs the nutrients in the 
water. The bacteria and microorganisms in their root 
system transform the organic material into a cellular 
mass that settles at the bottom, leaving clear, filtered 
water at the top.

Wastewater treatment process in an ideal setting in-
volves three steps to scrub reclaimed water to meet 
standards of drinking water. These are the primary, 
secondary and the tertiary (or advanced) stages of 
treatment. In the primary stage, usually a sedimenta-
tion tank, the main constituent removed from the raw 
sewage is the suspended solids. Secondary treatment, 
usually performed by the aquatic vegetation, breaks 
down organic material, removes pathogenic organisms 
(bacteria and viruses) and absorbs the nutrients (nitro-
gen and phosphorous). To make the water reclaimed 
entirely potable, a tertiary step may remove any traces 
of chemicals and salts that might occur.  

Also referred to as a Living Machine®, the secondary 
wastewater treatment component could be a reed bed 
or a constructed freshwater or tidal-flow wetland3. These 
are simple to build, maintain and operate, making them 
competitive with conventional mechanical wastewater 
treatment methods. Depending on the volume of water 
to be treated, they could, however, require sufficiently 
large land area with suitable soil characteristics. 

Living Machines® do not just treat wastewater. They are 
also opportunities for food production. Some aquatic 
plants that are highly beneficial in absorbing the nutri-
ents from wastewater are grown for use as vegetables. 
Common among them are water spinach, water mimo-
sa, water cress, alfalfa and water chestnut4. 

There is a wealth of information on strategies for wa-
ter reclamation. For a more detailed description of the 
wastewater treatment process and the various types of 
treatment mechanisms, readers are encouraged to re-
fer to Pescod5. Discussed below are two recently con-
structed small-scale demonstration projects indicative 
of the growing interest in and readiness to test decen-
tralized, natural wastewater treatment process within 
urban settings. 

4.1 Pradeep Sachdeva Design Associates (PSDA)  
      Office Complex, Ayanagar, New Delhi, India
Constructed within an office complex in New Delhi, this 
ecological model of wastewater treatment was a demon-
stration project to test the use of reclaimed water from 

public toilets to water street trees. Wastewater from the 
office toilets is collected in a septic tank that allows the 
solid sludge to settle down. After sedimentation of solid 
material, the liquid flows to an overflow water tank. Wa-
ter from the overflow water tank is fed into the root zone 
system of a constructed reed bed. As water flows by 
gravity through the length of the reed bed channel, it is 
cleaned of all organic material by the microorganisms 
in the reed roots. It is filtered of all suspended particles 
by the layers of gravel in the reed bed. Clean water is 
reclaimed at the end of the reed bed and collected in a 
storage tank. This water is used to irrigate the fruit trees 
and other flowering plants in the office complex. Tests 
conducted of the effluent revealed water fit to be used 
for plant irrigation.

Water usage in toilets and kitchen – 2 kilo-liters per day
Number of users – 30
Area of reed bed – 11 square meters
Cost of construction – Rs 85,000 (USD 1,900), estimated
Year of construction – 2009
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Figure 5: Location and size of the reed bed within the office 
complex, New Delhi.
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4.2 Eco Center at Heron’s Head Park,  
      San Francisco
The Eco Center is an environmental education center 
and the first off-grid building in San Francisco. Com-
pleted in April 2010 it has on-site wastewater treat-
ment system with all reclaimed water used to irrigate 
the native plants on the site. The natural treatment of 
wastewater is an indoor, demonstration project within 
the Eco Center. Large closed tanks are set up to receive 
the wastewater for the primary sedimentation process 
and for the secondary anaerobic digestion process. 
Anaerobic digestion is the removal of organic material 
from the wastewater in absence of oxygen. Water de-
void of organic material undergoes a tertiary treatment 
to irradiate pathogens under ultraviolet radiation light. 
This water is then further polished in the constructed 
wetland before being piped out to irrigate a 2000 square 
foot area with native plants through subsurface irriga-
tion dripfield. 

This is a very recent community-designed initiative built 

in hopes of spreading the knowledge of regenerative so-
lutions in a historically environmentally polluted neigh-
borhood. Such small-scale projects are instrumental in 
building societal acceptance for reuse of wastewater.
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Figure 6: Demonstration of reed bed construction in New Delhi.

Figures 7: Demonstration of on-site, indoor, natural wastewater 
treatment at the Eco Center, San Francisco.

1.  About 3-feet deep channel dug out for the reed bed
2.  Reed bed channel constructed as a plastered brick and 

mortar construction
3.  River pebbles layered at the base of the reed bed
4.  Crushed gravel layered as a second layer and then 

topped with smaller-grain pea gravel to finish the tri-
layered bed of the channel

5.  Reed bed plant roots wrapped with coir, a potting  
media

6.  Flowering plants like Canna, planted in the reed bed
7.  Wastewater being pumped from the overflow water tank 

to the reed bed
8.  Plants thriving in the reed bed after 6 months of opera-

tion
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5.0 BENEFITS OF RECLAIMED WATER FOR URBAN  
      FARMING

5.1 Access to Fresh and Continuous Supply of   
      Food 
Localizing treatment of wastewater within cities to pro-
mote urban farming serves a multitude of beneficial 
purposes. Notably, it brings the production of food clos-
er to its demand. Proximity to food production reduces 
loss of food due to damage while in transit. Wastewater-
irrigated-farming is also less dependent on nature for 
irrigation. As noted in Section 2.2, it has been highly 
valued in arid and semi-arid areas where annual rainfall 
alone cannot support farming. In most other regions it 
greatly reduces the stress on the municipal potable wa-
ter supply while ensuring continuous food supply. 
 

5.2 Ecologically Responsible Waste Management 
Urban farming with wastewater is an effective and eco-
logical waste management technique. It reclaims solid 
and liquid waste, both compost and wastewater and 
provides an effective low-cost alternative to use of fer-
tilizers. Fertilizers are nitrates and phosphates added 
to soil for improved yield. The solids in the wastewater 
are a rich source of nutrients, mainly nitrates and phos-
phates, for plants. Reclaimed water used for farming re-
duces the need for additional chemicals and fertilizers.

5.3 Reduced Energy Demand 
By successfully reusing wastewater at its point of gen-
eration, wastewater-irrigated-farming reduces the need 
for extensive infrastructure that requires high levels of 
energy to transport wastewater (and freshwater) over 
long distances.

5.4 Recharged Groundwater 
Wastewater used in farming provides an opportunity to 
recharge our aquifers. Appropriate techniques of irriga-
tion, like subsurface driplines, minimize water-loss due 
to evaporation and allow reclaimed water to percolate 
back into the earth, thus recharging the groundwater 
table.

5.5 Cleaner Urban Environment 
Urban water reclamation projects reduce greenhouse 
gas emissions resulting from transportation of food 
and water into the city. Clean, fresh air, mitigation of 
the heat-island effect, reduced storm run-offs and in-
creased biodiversity all contribute to an improved mi-
croclimate and a healthy city without any additional 
stress on freshwater reserves. Moreover, adding plants 

in the city environment reconnects residents with na-
ture and provides urban dwellers some of the psycho-
logical benefits of a natural environment. 

5.6 New Source of Livelihood 
Urban farming creates productive landscapes within 
cities that have the potential to generate a source of 
livelihood for many. The Parks and Recreation Depart-
ments of many cities are stretched thin trying to main-
tain existing park systems. There is reluctance to add 
new open space in times of critically low public funds 
since constant maintenance is resource-intensive. Ur-
ban farming provides a solution by adding productive 
open space within cities that could be viably managed 
by either a private business or a community venture. 

5.7 Enhanced Aesthetic Value 
The closed-loop landscape will add a new aesthetic di-
mension to urban developments. This integrated land-
scape of wetlands and urban farms could be interpre-
tive in nature providing awareness and educating city 
dwellers about naural food production and water recy-
cling processes, potentially leading to better-informed 
and healthier food choices and habits.

6.0 RISKS INVOLVED
Sustainable developments across the world have re-
claimed nutrients for fertilizer, biogas for energy sup-
ply and heat to warm homes from urban wastewater. 
The resulting clean water has been recycled for toilet 
flushing, landscape irrigation and cooling purposes for 
mechanical building units. Still, there is a preconceived 
perception of risk that weighs against the reuse of ur-
ban wastewater for food production in many developed 
countries. Mainly this seems to be a psychological im-
pediment or a matter of public education and political 
will. However, there are some real risks to closed-loop 
systems if the rigorous standards established by various 
global regulatory agencies like the Environmental Pro-
tection Agency and the World Health Organization are 
not followed. Following is a brief enumeration of these 
possible pitfalls, which are extremely unlikely if proper 
procedures are employed.

6.1 Potential Health Risks 
Using reclaimed water for urban farming has associ-
ated health risks if standardized treatment is not prac-
ticed. The biggest risk lies in the use of partially treated 
wastewater that may expose farm workers and consum-
ers of food produced at these farms to pathogens6. This 
could very quickly lead to spread of disease.  However, 
this risk may be entirely avoided if the treatment pro-
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cess is carried out to its conclusion before water is re-
introduced for agricultural use.

6.2 Risk of Soil and Water Pollution 
Untreated wastewater could also lead to a reverse effect 
on the urban food and water system. Land degradation, 
crop loss and poor quality of food are consequences of 
not adhering or being unaware of basic guidelines for 
reuse of wastewater. Use of herbicides and pesticides 
to increase production under these circumstances pol-
lutes the groundwater and may find its way back into 
the potable water supply of the city, which would be 
further detrimental.

6.3 Physical Challenges 
Constructed wetlands do have temperature limitations. 
They function best in hot and dry climates. They are 
not effective in areas where water freezes during winter 
months.

6.4 Maintenance Issues 
Maintenance of these decentralized closed-loop sys-
tems could pose a challenge, as responsibility would 
fall upon multiple agencies or organizations. Although 
the system is fairly low-maintenance, if practiced as 
per standards, it will require effective management and 
regular monitoring to keep the integrated landscape of 
wetland and farms functioning smoothly. Failure to do 
so would lead to disruptions of the food and water cycle 
and an unhealthy living environment.

7.0 CASE STUDIES 
Over the last two decades, new urban developments 
have successfully used advanced technologies to re-
claim water from treatment plants that far exceeds 
quality standards for potable water. In particular, the 
European countries have ecological new urban districts 
that aim at a closed-loop development. 

Leading sustainable developments in the developed 
world treat their wastewater to extract heat, energy and 
nutrients, but do not close the water loop for producing 
two increasingly scarce commodities–fresh food and 
fresh water. Exploration for solutions in the developing 
world, however, reveals traditional practices that do ac-
complish a closed-loop water and nutrient system. The 
following four case studies, of both open- and closed-
loop systems, evaluate developments in different parts 
of the world against the proposed new urban ecological 
paradigm.

7.1 EVA Lanxmeer, Culemborg, Netherlands
The EVA Lanxmeer district of Culemborg brings togeth-
er best practices of ecological architecture and natural 
living environment for energy and water management. It 
is off the city grid for gas, water, electricity and sewage 
disposal. Built on an aquifer zone, this new district has 
all the synergistic elements of urban, rural and agrar-
ian settlements. It integrates a site-specific wastewater 
facility, a small scale biogas installation. All wastewater 
and organic waste is fed into the system to recover gas 
for energy and carbon and nutrients for agricultural use. 
This installation has eliminated the need to connect the 
site to the municipal sewage system. The clean water 
produced is fit to be mixed with surface water at the 
site, which is further purified by aquatic plant life in the 
surface water bodies. Also, on site is the city farm that 
uses the organic fertilizers generated from the compos-
ted sludge of the biogas installation. 

The proposed master plan for EVA Lanxmeer includes 
plans for a “Sustainable Implant,” which is a vertical 
facility combining wastewater treatment plant, biogas 
installation and agricultural greenhouse in one stacked 
configuration7. This integrated facility will be a demon-
stration project to educate residents and visitors. 

Evaluating against the proposed paradigm – The inno-
vative approach to decentralized wastewater treatment 
and reuse of its by-products makes the biogas installa-
tion at EVA Lanxmeer a successful solution. Though it is 
energy-driven, it is small in footprint, eliminates trans-
portation almost entirely and meets the stringent plan-
ning guidelines that protect the aquifer it sits atop. Even 
though the facilty thus far has not needed to use the 
reclaimed water for irrigation in the city farm, the district 
in its current configuration measures high against the 
proposed paradigm. 

7.2 Hammarby Sjostad, Stockholm, Sweden
Even though Sweden has abundant freshwater reserves, 
it is one of the leaders in water management. Hammar-
by Sjostad, a new neighborhood intended to expand the 
inner city of Stockholm, is one project that epitomizes 
that leadership. Built on derelict industrial land, this 
development is one of the most-studied integrated en-
ergy, water and waste recycling program anywhere. It 
is called the Hammarby Model. Since large wastewater 
treatment facilities are generally located outside the city, 
decentralized small-scale facilities have been preferred 
where reuse is a high priority. Hammarby Sjostad is an 
exception. With an on-site, large-scale wastewater treat-
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ment plant, Hammarby has the advantageous ability to 
reuse to maximum benefit within the development site 
the enormous volume of by-products normally associ-
ated with a centralized, regional treatment facility. The 
treatment plant extracts heat from wastewater and cir-
culates it back to the homes for heating. Proximity to 
the treatment facility results in minimum loss of heat 
in conveyance. Solid waste generated from the waste-
water is burnt to produce biogas that powers the buses 
at Hammarby Sjostad and provides electricity to the 
houses. The residue from the natural gas production is 
used to produce nutrient-rich soil used in agricultural 
lands. The remaining clean water, which is fit to be sent 
back to the taps, is discharged back into the surround-
ing freshwater lake.

Evaluating against the proposed paradigm – Ham-
marby reuses its wastewater for heat generation, biogas 
production and producing nutrients-rich soil for crops. 
However, given the abundance of water, the need to 
reuse its treated water within the development does 
not exist. Hammarby’s solution to its urban wastewa-
ter treatment is appropriate given its economic status 
and abundance of freshwater. However, given the high 
cost of running and maintaining this infrastructure, it is 
applicable in select few countries. Hammarby’s large 
scale and difficulty of reproducing results means it does 
not measure as high against the urban ecological para-
digm as its successful and innovative installation would 
otherwise indicate.

7.3 City of Arad, Israel
In an extremely arid climate, Israel is profoundly chal-
lenged by water scarcity and food production con-
straints. However, it has confronted these difficulties 
with an innovative and very successful natural waste-
water treatment process that allows treated water to 
be used safely for agriculture. Israel leads the world in 
water purification through cost–effective methods and 
reuses 70% of its water, the highest rate in any coun-
try. Tried and tested on a city scale, the city of Arad’s 
full-scale integrated pond and reservoir system demon-
strates the successes possible in closed-loop systems. 
Primarily domestic wastewater of a city of 22,000 resi-
dents is treated through an extensive layout of 3 anaero-
bic ponds operating in parallel, a facultative and matu-
ration pond in series, a rock filter pond, 3 stabilization 
reservoirs and a large storage reservoir. The reclaimed 
water is used for irrigation of crops like wheat, barley, 
sunflower and alfalfa8. 

Evaluating against the proposed paradigm – Climatic 
and economic needs have already made Israel a front-
runner in this new urban ecological paradigm. With very 
limited annual rainfall, they have had to create their own 
freshwater resource to ensure continuous food produc-
tion.  Individual projects taken together make the coun-
try as a whole a bastion of innovation in this arena and 
the yardstick by which we should be measuring new 
projects.

7.4 City of Hyderabad, India
Hyderabad has a semi-arid climate. Wastewater use in 
urban farming is an age-old practice in India, more out 
of necessity than out of environmentalism. Raw, treated 
or reclaimed water is and always has been used to dif-
fering degrees in the urban farms of Hyderabad. Rec-
ognizing the need for reuse of wastewater, Hyderabad 
has legalized some areas of urban farming by leasing 
out land next to sewage plants to farmers for food cul-
tivation thereby encouraging best practices9. Even so, 
in many cases the quality of water does not meet the 
recycled water quality standards of regulatory agencies 
like the Environmental Protection Agency or the World 
Health Organization. 

Deteriorating quality of wastewater is leading to soil con-
tamination, increased salinity in the ground water and 
unhealthy working environments. These practices now 
result in poor food quality, which defeats the purpose of 
increasing access to fresh, healthy food. Hyderabad is, 
therefore, a case study that points to the limitations of 
this paradigm. 

Evaluating against the proposed paradigm – The re-
sults at Hyderabad show that the proposed paradigm 
cannot be effectively implemented without the watchful 
eyes of the regulatory authorities in wastewater man-
agement. 

8.0 CHALLENGES AHEAD 
Natural systems integrated into the urban environment 
will successfully manage resources and provide access 
to fresh food in a manner both environmentally and eco-
nomically regenerative. In order to achieve wide-spread 
acceptance and adoption of techniques for naturally 
treated wastewater for urban farming, a transformation 
of perspective must occur across a wide cross-section 
of groups: 

• Planning and public health policy makers must be 
educated about the potential of a synergistic ap-
proach to solving our wastewater disposal issues 
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and addressing fresh food needs in the city. Lack 
of knowledge and the lack of urgency to conserve 
water have been the two main deterrents in making 
the requisite policy changes. 

• Urban designers, architects and landscape archi-
tects should prepare themselves to help catalyze 
a sea-change in the sector in regard to building 
blocks of basic sustainability and to push innova-
tive and aesthetically pleasing programs that meet 
societal and engineering standards10. Limited 
knowledge of the science of reusing wastewater for 
food production has been a major obstacle to the 
creation of imaginative solutions. The invaluable 
functional connect between a familiarity with the 
science and the impetus to employ it needs to be  
brought to the forefront in urban design practice.

• Allocating land within the heart of the city for natu-
ral treatment and food production may not make 
economic sense, at first glance, in the real estate 
sector. However, the many-fold benefits to be 
shared by the entire city should, in fact, influence 
this equation and land adjacent to such amenities 
will offer priceless advantages.

• Societal acceptance and support around wastewa-
ter reuse for urban farming will need wide-spread 
education and actual small-scale demonstration 
projects to build confidence in the system10. Docu-
mentation of and publicity for existing projects 
are, therefore, invaluable resources for advancing 
knowledge and use of closed-loop systems.

To transform the image of a city from ever-consuming 
island to urban ecological laboratory generating food 
and water will necessitate implementation of all of the 
above elements. Preserving freshwater resources while 
increasing food production is vital to human existence 
and this urban ecological paradigm will constitute a big 
step towards this perpetual regeneration.

9.0 CONCLUSION
Cities are a resource of a continuous supply of water 
and nutrients from the municipal wastewater they con-
stantly generate. Being able to channel these resources 
for production of fresh food as per the guidelines speci-
fied by the various international and national regulatory 
agencies will effect a closed water and nutrient loop 
within urban developments. A closed water and nutri-
ent loop provides a reliable, economical, regenerative 
solution to two pressing problems, food shortage and 
water scarcity.  In addition, it provides an easily-adapt-
able program that can be accomplished at the local 
level. Though there are risks, both real and perceived, 

the simplicity and rationality of this response merits the 
further research and preparation among professionals 
and the development of public will that will be neces-
sary for its implementation.

This article is a result of an ongoing study aimed at un-
derstanding the basic concepts and prevalent practices 
of reusing urban wastewater for food production and 
exploring the ecological solutions to close the water and 
nutrient loop in future urban developments. Spatial con-
figuration and technical considerations for construction 
of these decentralized natural treatment features that 
would serve as water reserves to irrigate farms within 
urban developments will require a detailed investiga-
tion. They have not been discussed in this article, but 
are recommended as a subsequent research.
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