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the millennium development goals
fighting the most pushing global problems

Within the United Nations Millennium Summit in New York in
2000 and the World Summit on Sustainable Development in
Johannesburg in 2002, the global community agreed in
establishing a set of measurable and timely limited goals to
combat the most pushing global problems, which are among
others, the noticeable reduction of poverty, hunger and
environmental degradation. These so called Millennium
Development Goals set the standards the global development
has to cope with. Most important goals with intersection to both
the food security and the sanitation issue are to reduce by half
the number of people who are suffering from hunger until 2015,
to increase their amount of food, and halve the proportion of
people without access to basic sanitation.

scale of the problem
the food security situation and global population growth

Food security has been on the international agenda since the
Human Rights Declaration in 1948 and was seen by many as
one of the fundamental rights of human beings. By FAO-
definition food security exists ‘when all people, at all times, have
physical, social and economic access to sufficient, safe and
nutritious food that meets their dietary needs and food
preferences for an active and healthy life’ (FAO 2006).
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figure 1: number of undernourished people in the world (source: adapted from FAO 2006)

Unfortunately the prevailing statistics foiled this international
claim gravely. Currently some estimated 854 million people
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worldwide are chronically hungry due to extreme poverty (FAO
2006), which is equivalent to around 15 % of the world’'s
population and about 2 billion people lack food security
intermittently due to varying degrees of poverty (ibid.). With
regards to health, the permanent nutrient deficiency often
causes weakness and fatigue, inhibits mental and physical
development, particularly in children, and makes people
susceptible to other fatal diseases such as diarrhoea and
tuberculosis. Despite the great efforts and promising attempts in
decreasing the number of people suffering from food insecurity,
such as improving agricultural productivity, encouraging small-
scale farming or securing property rights, the number of people
suffering from food insecurity worldwide still remains
tenaciously high. With the continuously growing world
population — according to UNPD another 1.5 hillion people will
be expected by 2025 - and its substantial additional food
demand, the problem of food insecurity will most likely intensify
in the coming decades and increase the pressure on global
resources. A great deal of this population growth will take place
in cities with a substantial increase in the volume of urban
waste products, the over-exploitation of rural resources and a
significant increase in urban food demand. By 2008 the global
community is arriving on an important historical point of inflexion
(UNPD 2006) and will be predominantly urban for the first time
in history. Developing countries are particularly affected by the
rampant urbanisation tendencies and facing great difficulties to
cope with this development.

limited global resources to feed the world
argument for a closed loop approach

Facing this huge number of people to be fed and the existing
natural limitations on earth, it appears reasonable and
inevitable to approach the food security issue from a
perspective of resource preservation and recovery. In terms of
natural resources that are needed, food production requires
mainly water and arable land that steadily supplies nutrients
and the organic substrate for plant growth. These vital
resources are often distributed unevenly around the world and
many soils have been depleted or damaged by inappropriate
agricultural practices. At present the earth is losing 25 billion
tons of nutrient rich topsoil annually (WWI1 2005) which results
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in considerably reduced productivity, and hence decreased food
security. According to a study by UNEP, globally some 2 billion
hectares of vegetated land have been degraded since 1945,
which is equivalent to 17 % of the worldwide productively used
land. In former centuries the loss of soil fertility, which is
inherent to all agricultural systems, has been solely
compensated through the application of animal manure, human
excreta, and compost or through long fallow periods.

figure 2: degraded soil In Sudan (source: UNEP 2007)

Not until the introduction of inorganic fertilisers in the mid 19"
century it became the prevailing and most common practice in
industrialised countries to balance key nutrients that have left
the fields through the harvest with synthetic fertilisers. These
inorganic fertilisers however are expensive to produce and
therefore not a reasonable solution for the majority of small-
scale farmers in developing countries. In addition the often
inappropriate transporting infrastructure particularly to remote
areas makes these commercial fertilisers even more expensive
then its actual market value. Apart from that, industrial fertiliser
cannot replace the loss of organic matter, micro-organisms and
many micronutrients equally at stake in degraded topsoils. The
production of the most important and commonly used synthetic
fertiliser ingredients - nitrogen, phosphorus, and potassium -
relies on non-renewable resources and its supply is definitely
finite, particularly for phosphorus and potassium. Today's
estimated global phosphorus-reserves are coming almost
entirely from geological deposits and will last for about the next
50 to 100 years (Steen 1998, Gumbo 2005). These deposits
are found only in very few countries, which would probably
trigger global conflicts over these resources in the future. A
recent study that applied methods for predicting the global oil
production to the phosphorus resource found out that the peak
in global phosphorus production was already reached in the late
1990s (Déry et al. 2007). The limited resource base in
conjunction with the growing population and the dynamic of the
energy sector in the last years with a growing demand for
renewable energy products (fuel crops) is already leading to
rising food and fertiliser prices and a more and more limited
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availability of arable land. The price for Diammonium Phosphate
(DAP), an important synthetic fertiliser, almost tripled within the
last year and the price of rice more than doubled in the last 3
months.
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figure 3: world rock phosphate production (source: Dery et al. 2007)

Unlike oil and its renewable energy alternatives there will be no
substitutes for phosphorus in agriculture and it is to be feared
that the availability of phosphorus will become a limiting factor
for agricultural crop cultivation. The prospects for potassium are
comparable with phosphorus and the global reserves here are
estimated to last for about the next 300 years (UNEP 2002).
Extracting the mineral forms of both phosphorus and potassium
is energy intensive and around 75% of the commercially
exploited phosphorus deposits are surface-mined (Gumbo
2005). Only nitrogen can be extracted from the surrounding air
but the industrial process is likewise energy-intensive, with
fossil energy reserves that are finite as well. Moreover,
continuous use of inorganic fertilisers on farmlands can lead to
serious environmental consequences such as eutrophication of
surface waters and high nitrate concentrations in groundwater
with a potential negative impact on humans and animals. This is
so far a larger problem in the developed world, where fertiliser
application is often imbalanced towards nitrogen than in
developing countries (Gruhn et al., 2000). In the developing
world the ‘mining’ of soil nutrients is severe and yields have
fallen, as nutrients removed by the crops are often not replaced.
This problem is most serious in Sub-Saharan Africa, the
Caribbean and parts of Asia (FAO 2004). As available land and
water resources decline in many developing countries, future
food production will primarily depend on further intensification of
agriculture in high potential areas and this can be better
achieved through the use of integrated organic and inorganic
nutrient sources. So far most efforts in the use of organic
sources of nutrient especially in developing countries have
been focused on integration of crop residues and animal
manure in crop production. The vast opportunities provided in
resource recovery from domestic waste and wastewater have
not been fully explored. Another essential resource in
conjunction with the production of food is water. Agriculture is a
highly water demanding process and the supply and availability
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of water is increasingly diminished and unevenly distributed
throughout the globe. Around 70% of the globally used water
resources are for agricultural irrigation purposes (Brown 2006).
It can be stated that a balanced diet nowadays requires on
average about 1300 m3/person/year for producing food. This is
up to 70 times higher than the estimated 50-150 I/person for
daily household needs (SIWI 2005).
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figure 4: potable water being piped to a rice field/USA (source: McCabe — USDA)

However, agriculture has to compete increasingly for water
resources with the domestic demand (urbanisation), industry,
tourism, commerce and construction infrastructure. Already
today, large parts of Asia, Africa and the Middle East face either
physical or economic water scarcity. Within the next 50 years it
is estimated that more than 50% of the world population will live
in such countries (WHO 2006). Facing this and the direct
relation between the ongoing population growth and its water
demand a new approach in recognising the human wastewater
load as an important resource for agricultural irrigation is
likewise necessary.

agriculture & the historical link to sanitation
traditional reuse practices pointing the way forward

Apart from the easily available carbon dioxide and light, plants
require primarily water, adequate soil structure and nutrients
(including a variety of micronutrients) for their growth.
Depending on the amount, wastewater and excreta together
with animal manure and composted solid waste have the
potential to cover these needs with minimal or no application of
synthetic fertilisers or freshwater resources. They can serve as
important sources for soil amelioration, as they deliver all
relevant nutrients, organic matter and water needed for plant
growth. Indeed the aspect of growing food and achieving food
security is historically strongly linked with the idea of reusing
liquid and solid waste from households in agriculture. Through
the years human and animal excreta played a crucial role in
maintaining soil fertility and providing essential plant nutrients
for food production. In China for instance the use of ‘night-soil’

has been practiced for several millennia (UNESCO/gtz 2006)
with well-developed inner-urban collection and composting
systems and transportation to the fields. Also in Central Europe
some 150 years ago human excreta together with animal
manure were commonly used in agriculture. The idea that
human residues including excreta are wastes with no useful
purpose can be seen as a modern misconception. The
development of conventional disposal-oriented and often water
dependent sanitation systems, that started within the 19th
century was an emergency solution and welcome respond to an
acute health crisis in most cities at that time. With the
production of inorganic fertilisers it suddenly seemed feasible to
uncouple from ecological requirements and although these new
sanitation systems have improved public health, they at the
same time polluted surface and ground water resources, broke
nutrient cycles and degraded soils.
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figure 5: linear agricultural resource flow in modern agriculture (source: Waffler 2007)

The flow of plant nutrients in these disposal-oriented systems is
predominantly linear where landfills and water bodies are used
as a sink for nutrients but also pathogens. But as urbanisation
has outpaced sanitation infrastructure, only a small amount of
the sanitary waste today receives any appropriate treatment
which leads to large-scale environmental pollution and most
severe health risks, while in the majority of cases resource
recovery is not intended. Nutrients are taken up from the soil by
the crops that are harvested, then transported, eaten, excreted
and discharged. Around 80% of the world food resources are so
converted into waste and disposed of (WHO 2002).
Conventionally the loss of the most important macronutrients
has been partly compensated through application with synthetic
fertilisers, but despite of the fertiliser use a negative nutrient
balance in most soils is observed.
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figure 6: world nutrient production 1996/97 — 2002/2003 (source adapted from FAO 2004)
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At present the farmers worldwide use around 150 million tons of
synthetically produced nutrients (N; P,Os; K;0) annually (IFA
2004), while at the same time conventional sanitation systems
dump around 50 million tons of fertiliser equivalents with a
market value of around $ 15 billion (Werner 2004) into water
bodies. This number will even increase in the years to come
due to rising fertiliser prices and the continuously growing global
population. Facing population growth, the increasing pressure
on soil resources, conventional fertiliser production is not
keeping pace with nutrient depletion. Between 1996/97 and
2002/03 total world nutrient production increased only by 1.1
percent (FAO, 2004).

productive sanitation
closing the loop to obtain productive landscapes

A paradigm shift in sanitation towards a recycling-oriented
closed loop approach is imperatively necessary to bring gravely
limited nutrient resources back to the fields. This requires a new
alliance between the agricultural and sanitation sectors,
fostering resource recovery as key requirement for sustainable
sanitation concepts.

figure 7: variety of sustainable sanitation technologies (source: gtz 2006)

Sustainable Sanitation is a general term for all approaches that
are aiming at improving the overall sustainability of sanitation
systems including a change of paradigm from purely disposal
oriented to rather reuse oriented sanitation. In order to be
sustainable, a sanitation system has not only to be
economically viable, socially acceptable and technically and
institutionally appropriate, but it should also protect the
environment and recognise household excreta and wastewater
as resources that should be productively reused. Sustainable
sanitation systems should therefore allow for the almost
complete recovery of nutrients in household wastewater,
minimise the consumption and pollution of water resources and
support the conservation of soil structure as well as agricultural
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productivity. The resource reuse should be considered in
commercial agriculture as well as in subsistence farming.
Sustainable sanitation such as ecological sanitation (ecosan)
applies the basic natural principle of closing the loop by using
safe sanitation and reuse technologies, thereby continuing the
tradition of recycling human waste once applied in most farming
societies (Werner 2004). Sustainable sanitation systems
comprise decentralised and locally adapted as well as large
scale centralised solutions that favour no specific technology
and range from low cost basic sanitation (e.g. urine diversion
dehydration toilets, arboloos, constructed wetlands etc.) to high-
end solutions (e.g. vacuum systems, membrane technology
etc.).

Cob B 2P :
figure 8: construction of urine diversion dehydration toilet in Puroc/ Philippines (source: LEF)

The sanitary resources can be divided into different resource
streams and should, by reasons of their different characteristics,
be collected separately with adapted treatment facilities and
application methods. The main resource streams are:

e Human excreta: The nutrient content of human excreta
depends on the diet and varies between countries as well as
between individuals. Excreta contain all essential
micronutrients and an average amount of plant available
macronutrients of 4.5 kg/person/year (kg/p/a) for nitrogen, 0.6
kg/p/a for phosphorus and 1.2 kg/p/a for potassium (Jénnson
et al. 2004). Most plant nutrients are found in the urine with a
formulation similar to ammonium and urea and comparable
results on plant growth. A combined application of faeces and
urine is advantageous, since faeces are a very good soil
conditioner due to its high share of organic matter. The use of
excreta in agriculture improves the pH, the nutrient content
and water retention capacity of the soil as well as the ability of
plants to withstand insects, parasite attacks and pests.

« Greywater: The wastewater from baths, showers, hand
basins or washing machines can be encompassed by the
term greywater. It contains a low nutrient level compared with
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excreta or general wastewater but a high amount of slightly
contaminated water. After appropriate treatment or other risk
reduction measures greywater can be safely used for
domestic or irrigation purposes.

< Rainwater : The water that precipitates as rainfall is not or
only slightly contaminated. The rainwater has to be collected
and can then be easily used for agricultural irrigation as well
as for most household purposes.

» Organic solid waste: It describes all organic kitchen waste,
leaves, grass etc. that accumulate in the household. The
organic matter has to be decomposed or at least partly
mineralised for effective reuse in agriculture.

« Wastewater : The term wastewater is a general term for all
kinds of waste water and storm water mixed or partly mixed
together and contains a high nutrient load (predominantly
from excreta). According to its nutrient and water content it is
a valuable fertiliser and irrigation source.

The amount of nutrients that theoretically can be recovered
from wastewater/excreta for agriculture varies depending on the
amount and mode of collection and treatment, and practically
on the demand and market price at the point of application. The
contamination of the sanitation related flowstreams through e.g.
heavy metals from industrial wastewater should be avoided
through the introduction of cleaner production approaches,
industrial pollution control through keeping apart the industrial
from the domestic wastewater and imposing proper pre-
treatment processes within the industries.

urban and peri-urban agri- and aquaculture
an integrated approach towards urban food security

Urban and periurban agriculture (UPA) as well as aquaculture
are general terms for the agricultural and aquatic production of
food within and around cities. They are characterised by
closeness to markets and use of urban resources like organic
solid wastes and wastewater since urban areas serve as both,
giant markets and a reliable source for a constant nutrient flow
through the huge amount of urban wastewater. It is estimated
that around 200 million urban residents worldwide produce food
for the urban market (FAO 1999) and providing 15 to 20% of the
world’s food (Margaret Armar-Klemesu 2000). UPA and
aquaculture are supplying especially perishable products like
vegetables and high value food products like fresh milk, fish
and poultry products, and as such, to a large extent
complements rural agriculture and increases the efficiency of
the national food system (RUAF, 2006). The contribution of
urban agriculture to food security and healthy nutrition is
probably its most important asset. Food production in the city is
in many cases a response of the urban poor to inadequate,
unreliable and irregular access to food, and the lack of
purchasing power. In urban settings, lack of income translates

more directly into lack of food than in a rural setting (cash is
needed to buy food). The costs of supplying and distributing
food from rural areas to the urban areas, or to import food for
the cities, is rising continuously, and its distribution within the
cities is uneven. In addition to enhanced food security and
nutrition of the urban producers themselves, large amounts of
food are produced for other categories of the population.

figure 9: urban agriculture in Havana/ Cuba (source: Gensch 2005)

Attention for UPA has increased considerably in the past years
and an increasing number of city governments have or are
formulating policies and programmes on urban agriculture (UA
Magazine, 2006). From the sanitation point of view UPA and
aquaculture offer opportunities for win-win situations by turning
urban waste products into productive resources (Drechsel and
Kunze, 2001). Today many cities are unable to ensure an
appropriate wastewater treatment, thus pollute the surrounding
water bodies. Due to water scarcity and the lack of economical
alternatives farmers in and around 3 of 4 cities in developing
countries are already using untreated or partially treated
wastewater as source of nutrients and irrigation water with large
benefits but also potential and often acute health risks (IWMI
2006). The sustainable sanitation approach can be seen as a
promising integrated attempt in assuring urban food security
through the save reuse of water and nutrient resources in urban
wastewater, and here particularly in periurban areas where
most of the urban poor are concentrated and most of the
population growth takes place.

the growing competition on resources
valuable resources for food vs. energy crop production

The dynamic of the energy sector in the last years with a
growing demand for renewable energy products and here
particularly the considerable increase in global energy crop
production, causes a constantly growing competition for land,
water and nutrients used for fuel crop production vs. food
production. This is already leading to rising food and fertiliser
prices and a more and more limited availability of arable land to
feed the growing global population. It is therefore recommended
to shift the production of energy crops to areas that are not
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cultivated yet or marginal areas as long as they are not used for
subsistence farming in order to leave more productive land
open for food production.

impact on public health
positive effects and management of health risks

The agricultural reuse of excreta and wastewater improves the
general food supply situation, generates income, also and
especially for poorer parts of the population and hence helps to
improve their nutritional status and health situation, which is
recognised by the WHO. Sanitation related health risks occur
mainly through persistent pathogenic organisms in excreta such
as bacteria, viruses, protozoa, hookworms and parasitic
helminths as well as through contaminants like heavy metals. If
not collected, treated, transported and reused properly this can
lead to transmission of infectious diseases such as diarrhea and
the proliferation of intestinal worms. These sanitation-related
diseases as well as poor hygienic conditions lead to some 2.2
million deaths annually, mostly among children. The main
purpose of every sanitation system should therefore be to
protect human health and install effective barriers against
possible exposure to pathogens.

figure 10: m

The reuse of untreated wastewater in agriculture, which is
common practice in many parts of the world due to the lack of
other irrigation and nutrient resources, is one of the sources for

pathogen exposure. In this context the WHO was setting up
guidelines to protect the health of individuals and communities
by making use of excreta, greywater and wastewater and
recommends a flexible multi-barrier concept for managing the
health risks related to sanitation. This multi-barrier concept
gives recommendations for an adequate reuse in agriculture,
sets standards and offers management solutions where
effective wastewater treatment is not possible. It is stated in
these guidelines that wherever the use of wastewater, excreta
and greywater ‘contributes significantly to food security and
nutritional status, the point is to identify associated health
hazards, define the risks they represent to vulnerable groups
and design measures aimed at reducing this risks’
(WHO/FAO/UNEP 2006). The WHO recommends that the
additional disease burden arising from wastewater and excreta
reuse should not exceed 10° DALYs (disability-adjusted life
years). This means that only one year out of a million human life
years should be lost because of disability or death from a
disease caused by the reuse of wastewater or human excreta.
This very high level of protection was adapted from the
recommendations used for the WHO drinking water guidelines.
Partially treated or untreated waste water can be used under
proper management at different stages of the food pathway, like
crop restrictions, application techniques, and food handling by
vendors and consumers. This requires awareness raising,
advocacy and changes in attitudes of a wide variety of
stakeholders, both rural and urban. Compared with disposal-
oriented sanitation systems or non-systems the reuse-oriented
sustainable sanitation approach recommended by the WHO has
the potential to improve the nutritional status, generate income
and therewith health status and can furthermore help reduce
the negative impact on downstream populations and water
consumers if implemented at larger scale.

benefits from the resource reuse
positive effects with intersection in food security

One of the most apparent benefits of sustainable sanitation
regarding food security is the highly perceptible increase in
agricultural yields especially if directly compared with
unfertilised crops. Vegetables and fruit crops fertilised with urine
produce 2-10 times the amount of crop per weight as those
grown unfertilised (Jonsson et al, 2005) and achieved
comparable results as synthetic fertilisers. The increase in yield
improves the availability, affordability and the access to food
and results in higher food security. The increased agricultural
yields have a highly perceptible impact on the household
income for the poor population, even if it is only used for
subsistence purposes. Within the poor population an estimated
40-80% of all generated household income is used for food, for
the poorest part of the population it could reach easily 60-90%
(Viljoen 2006). The resource reuse in backyards can therefore
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reduce household expenditures for the purchase of food. From
the economical perspective excreta and wastewater are low
cost fertiliser alternatives and farmers would require less
expensive commercial fertilisers respectively.

figure 11: experiments with urine fertilisation in Zimbabwe (source: Aquamor)

The agrofuels boom in recent years is making an increasingly
considerable impact on the food and fertiliser prices and the
availability of synthetically produced fertilisers. Cultivation of
agroenergy crops is becoming a lucrative market for
manufacturers of fertilisers, processors and retailers. It seems
therefore most likely that the value of composting systems,
urine, faeces and plant available nutrients from wastewater,
sewage and septic systems will increase in the years to come.
The value of the agricultural utilisable nutrients produced by
each human being can be seen as a considerable quantity
within the national economy. Recent estimations vary between
4 € (KW 2008) and 7 € (Stravato & Dagerskog 2008) per
person and year. Furthermore the efficient reuse minimises the
negative impact on surface and groundwater with less
environmental follow-up costs. The reuse can reduce water
consumption on household level for non-drinking purposes thus
enhancing availability of drinking water.

figure 12: large-scale application of human urine in furrows/ Sweden (source: M. Johansson)

In combination with the reuse in irrigation it can lead to a more
economical use of valuable potable water, especially important
in much affected water short regions. In terms of soil fertility the
nutrient loss through the harvest is almost completely
compensable with excreta products. The organic matter from

human and animal faeces improves the water retention capacity
of the soil reducing irrigation water requirements and the
vulnerability to droughts.

figure 13: urban food production in Cagayan D’Oro/ Philippines (source: Gensch 2007)

Moreover it balances the soil temperature and enhances the
buffering capacity of the soil. This can neutralise contaminants
like heavy metals and retains them in the soil body as well as it
improves the storage and exchange capacity and builds a
reservoir for nutrients. Finally it can reduce health costs due to
a better nutritional status of the population and the improved
sanitation situation helps to avoid diseases caused by pathogen
exposure.

future challenges
how to get productive sanitation systems implemented

Despite all the known and convincing benefits of sustainable
sanitation there are still a number of challenges and problems
to overcome, like the existing lack of awareness, the missing
knowledge on sustainable sanitation related issues in general
and the still existing gap between actual and potential reuse.
There is still reluctance to overcome the existing disposal
oriented sanitation concept. In most parts of the world the
closed loop sanitation paradigm has not yet reached the legal
frameworks. Other important challenges are practical
considerations as well as organisational and infrastructural
issues, e.g. the economic viability or market incentives for
transporting resources from their source of origin to farmers’
fields over longer distances or the cost-efficient storage of urine
in regions with short cultivation periods. Another big challenge
is to have the resources available at the place of demand i.e. to
transform the resources into a cheap and easily transportable,
largely health risk-free product. In general, challenges (and
hence entry points for research) differ largely between regions,
and developed and developing countries. These concern
among others cultural barriers, perceptions, political will,
economic capacities, quality requirement and legal frameworks.
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