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Preface

This thesis report on closing the loop betweentadan and agriculture in the city of
Accra is the final part of my study programme ofSd.in Urban Environmental
Management at the Wageningen University. | wag firawn to this issue when |
heard people talking about this alternative sabitattechnology and proclaiming it to
be the panacea for all the sanitary and food sycueieds of people in the developing
countries who lack access to these two basic nefelalsmanity. So for five months |
spent time at the Shimo la Tewa prisons in MombKsaya familiarising myself on
how the system will work in a typical situation Africa. Some of the facts that |
stumbled upon made me to realise that the subga hot been fully researched into.
| was therefore happy when | was approached by MITo research into the drivers
& barriers for scaling-up that urine faces as aterahtive fertilizer in urban
agriculture in Accra. This thesis is therefore meancontribute to SWITCH theme
4.1 which among other things seek to develop amdodstrate pollution prevention-
based approaches to wastewater handling in urleas an which concentrated waste
flows are separately collected and treated.

Ecological sanitation has been promoted as offeaingw philosophy of dealing with
what is presently regarded as municipal wasténdteffore presents a paradigm shift
from the present conventional system which seedcipah waste as a health hazard.
But in the selection of a system for a given situgtfour main factors are normally
taken into consideration. These are the technedbpnance of the artifact, the social
acceptability; the environmental impact expectamnfrthe said artefact as well its
economic performance. For a very long time so matténtion has been focused on
the technical, social and environmental performaaoteEcosan products without
touching on the economic aspect. But most busimess go into business first and
foremost to make profit. So | believe that, if Eaods to attract the interest of the
business community then equal attention should besngto the economic
performance as well. This thesis is therefore méanbuch this area and stimulate
more research into it.

In the course of this research, a large amountdaretsity of sources were accessed
in order to come to a balanced picture of the dsivend barriers towards the up
scaling of the technology. This does not preclinepossibility that generalisations or
simplifications are sometimes made amiss. In tise cd comparing the cost between
the three types of fertilizer used in urban agtio@ in Accra for instance, | must

admit that environmental cost was not taken intosateration. If such a cost was

taken into consideration, then perhaps the redlafagrine harvesting would be much

cheaper than what was provided for.

I would like to thank my supervisors at Wageningbmversity Dr. Adriaan Mels and
Claudia Agudelo who stimulated my interest in theaa Ing. Ruud Kampf and Mr.
Sjef Ernes of Aqua for All who sustained my interiesthe subject, Dr. Pay Drechsel,
Mr. Larbi and Dr. Cofie of IWMI (Ghana Office), SWCH team members Ms.
Dartey and Prof. Esi Awuah who assisted me immgnseiny work and finally Ms.
Bendera and Mr Mwaguni of CDA, Kenya who offered the opportunity to use
their office and gave me some very useful insigiien | was in Mombasa, Kenya.



Summary

Accra like most cities in the developing world igperiencing rapid population
growth and urbanization. This rapid urbanizatios laought about urban poverty,
food insecurity and severe environmental degradatidrban agriculture is now a
predominate feature within the urban ecologicateysbut it is confronted with many
challenges key amongst them is the high cost oerairfertilizers which has led to
the search for alternative fertilizers. Meanwhihe tmajority of the city’s populace
uses the public toilet as their main means of atiait making these places a potential
source of nutrients production for urban agricwtim Accra in the form of human
excreta and urine. The value of human urine asemitrs well known amongst some
of the farmers and its application has been adedcatn many platforms on
sustainable sanitation worldwide but its implem&ataon a wide scale virtually
remains unknown.

This thesis project was therefore aimed at addrgs#iis problem by analysing
whether there is a market and market acceptanceurioe as a fertilizer and
investigating how a demonstration for this approaohld be up scaled. The thesis
was therefore divided into two parts. The firsttpaas a technical study and was
aimed at finding out if the financial benefits bketsystem achieved by the increase in
crop yield by urine fertilization will be able tan&nce the cost of operating the
system. Whilst the second part which was a soti@ayswas aimed at addressing how
the technology could be up scaled from a demomstrgthase to a larger scale using
the theories of transitional management. Duringtéo@nical study, the research tools
that were used included the review of literaturel deld visits from where the
infrastructure was designed and estimates prepdrks led to the health and
economic implications of urine usage. Similarlythe social study, literature was also
reviewed and the existing policies with regardhe tisage of municipal waste was
also analysed. In addition to this a stakeholdealysis was also conducted to
determine those who really matter in urban agngalt Structured and unstructured
interviews were conducted with these stakeholdedetermine their perception about
urine usage and application in urban agriculture.

Urine is by far the highest nutrient contributorthe household waste. It accounts for
87% of the nitrogen, 50% of the phosphorous and ®%he potassium in the
household waste water stream. Every year an avendgedual excretes about 500
litres of urine. Taking the population that uses public toilet in Accra this means
that every year 1064 tons of nitrogen, 70.93 tdnphmsphorous and 294.4 tons of
potassium could be obtained yearly from these twil€his is far in excess of the
urban agricultural demand in Accra. Meanwhile uiima safe and effective fertilizer
as all the nutrients that exist in it are in forthat are readily available to the plants.
Plant yield with crops fertilize with urine is bezen 2 to 6 times higher than plants
not fertilized at all and very comparable with giafertilized with mineral fertilizer.
Storage is a simple and effective way for sanijzimine as almost all the pathogen
dies off within that period. The storage perioddbddbe between one to six month
under a high temperature depending on where thee was harvested and also for
what crops it will be used for.

Comparative cost analysis conducted on the fielsetbaon the current economic

prices (without considering the other factors sastenvironmental and other related

costs) indicated that urine harvesting is the regpensive among all the other known

fertilizers such as mineral fertilizers and poultmanure. On the social level, there is

virtually no law against the use of urine or indeadnicipal waste in general for
i



agriculture except an AMA bye-law which prohibitset use of drain water for
irrigation. Additionally almost all the stakeholdewho were interviewed were
favourably disposed towards the use of urine iranrégriculture except the fertilizer
companies and an exporter who feared that allskiges relating to its usage has not
fully been researched into. In spite of this, u@pplication remains at the beginning
of the pre-development stage as it is not everhenagenda of even the innovative
thinkers although it is being practiced on a plilasis at the Valley View University.

The harvesting and consequent application of usim¢he field will produce a win-

win situation for both the city managers and theaarfarmer. The city managers will
benefit as there will be a reduction in the voluofenutrients entering the water
bodies whilst the urban farmer will also benefit bgtting a readily available

alternative fertilizer. But the technology is expme as substantial initial capital is
needed for the provision of infrastructure for tsterage. Furthermore, a reliable
transportation system is required to transporteufiom the storage to the farm site.
Comparatively urine is the least attractive altdueafertilizer to the farmer as the
cost of bringing it to site is far more expensikiart the cost of the existing fertilizers
such as mineral fertilizers and poultry manure.

This not withstanding however, the socio-techniegime is warm as those in the
urban agricultural sector are looking for an alé&tivwe fertilizer as a result of the high
cost of the mineral fertilizers. On the other hatheé, regime of urban sanitation is also
looking for a logical means of waste disposal amy/tsee the agricultural sector as
the most likely candidates. There are several sicmethe ground still experimenting
with the idea of alternative fertilizers but nonketleem is as yet strong enough to
break into the socio-technical regime where theemaihfertilizer still dominates. The
Valley View University which currently practicesine application on a pilot level
cannot be considered as a transitional arena &s fdar removed from the urban
agricultural setting. The lack of a transitionakma as well as issues relating to
contaminants in urine and its rightful applicatiand the high cost of the product
constitutes a barrier to up scaling although thercdefor a cheaper fertilizer and a
logical way of waste disposal still continues tothe drivers.

It is therefore been recommended that having ifledturine as the major cause of
eutrophication among the household wastewater liaypshould be formulated and
enforced against the discharge of such large vatuofeurine (particularly those
coming from the public toilets and public urinaisjo the urban wastewater stream.
This policy should compel the urinal and toilet @ers to collect and dispose of
their urine separately. Where there is alreadynd kif agreement existing such as the
case between the WMD and the urinal operator aCeetral Business District this
should be enforced to the letter. In addition ts policy, those operators who collect
their urine separately and dispose it as such dghbel motivated by providing
incentives such as tax rebate and a reduction encimmission they pay to the
assembly.

Again, the collection of the urine to the farm slionot be left into the hands of the
suction trucks operated by the septic tank opegsatnstead an entrepreneur should be
found to invest into the purchase of a truck whigil deal exclusively in the
transportation of urine. An ordinary pickup truclkumted with a tank could be alright
at the initial stages.



In view of the fact that the cost of transportatminthe urine is too high, farmers

should be encouraged to store the urine on the fren In this case, the urinal

entrepreneur delivers the urine when it is neededhe farm site and dispose of it
when it is not required. In this situation, the @i®nal cost to the farmer is then

erased as the urine entrepreneur will now congliEse farms as an extension of his
disposal site.

Furthermore, research should be intensive intactdmeentration of urine without the
urine losing any of its nutrients. For instanceuiine could be concentrated by a
factor of 5, then the nitrogen level will rise t6 grams per litre. This means that for
the same volume of 7500 litres of urine, the fargets an equivalent of 5 bags of
urea which will currently cost GH ¢220 or 5 tonspaiultry manure which will cost
GH¢82.50. This will really make urine competitiveopided the cost of concentration
does not rise abnormally.

Additionally, transitional arena should be builtoand the technology. Such a
transitional arena should include members fromginernment agencies such as the
Department of Food and Agriculture, the AMA Wastaridgement Department, the
AMA Planning & Coordinating Department, MetropohtsEnvironmental Health
Unit, the Town & Country Planning, the Ministry @fade and Industry, the Ghana
Standard Board, the Environmental Protection Ageticy Food and Drugs Board.
From the research institutions organisations sucHVEMI and CSIR — STEPRI
would be helpful. Other local organizations suchtees various farmers association,
the Vegetable Producers and Exporters associatidriree Market Women would be
handy. Other organizations such as the FAO, GTZS,CRDRA, Action AID and
People’s Dialogue would also be needed. The mediaddvalso come in handy and
last but not the least the urinal and toilet emeapurs. The Valley View University
farm can still serve as an experimental base fouréudevelopment but more
importantly a demonstration farm should be citedne of the urban farms.
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1. INTRODUCTION

1.1. Background of the Study

Accra like most cities in the developing world igperiencing rapid population
growth and urbanization. According to the 2000 Pajan and Housing census the
population the city is about 1.6 million with thentctional population that comes into
the city daily ranging between 3.0-3.4 million peppThe population growth rate
within the city centre is about 3.4% per annum eaieg up to 9.2% within its peri-
urban settings. Currently, the population densitythe city is 82.9 persons per
hectare. With such a growth rate, Accra is todag @inthe most populated and fastest
growing metropolis in Africa. (GSS, 2002, De Si2Q07, Obuobie et.al, 2006 &
AMA, 2006). This rapid population growth rate is imig due to migration which
accounts for 35% of the said growth. The migratipattern is also due to
concentration of industries and businesses initlieatthe expense of other locations
in the country. As a result of this, the city attsamany rural dwellers that come to the
city in search of formal employment within theseimesses and industries.

This rapid population growth rate has brought abatlian poverty and food
insecurity. Additionally, severe environmental dedpation and hygienic problems are
also now rampant in the city as a result of thé& lafcadequate infrastructure to cater
for this alarming population increase.

It is estimated that by 2020, about 40-45% of tbherpn Africa and Asia will be
concentrated in towns and cities. Most citieshe tleveloping world have great
difficulties coping with this development as theg anable to create sufficient formal
employment opportunities for the poor. These cititso have increasing problems
with the disposal of urban waste and waste watdrmaaintaining air and river water
quality (RUAF, 2006). These developments are seriahallenges that are
confronting these cities as they will bring abdue increase in the number of slum
dwellers as well as the further deterioration ieithivelihoods. This will ultimately
lead to severe hunger and malnutrition among thesegle.

Already, the demand for food and other agricultymalducts in the city of Accra is

high. This is because the rural population (whithdrto where the bread basket of
the city) is unable to supply the city’s food demanhis is due to the migration of the
would-be farmers to the city in search of othenfsrof employment. This gap in food
shortage and the resulting high prices has thexdéal to an increasing number of city
dwellers resorting to urban agriculture. It is estied that up to 90% of fresh
vegetable consumed within the city comes from wiiks own boundaries (Cencosad
1994). Urban agriculture is therefore contributgrgatly to food supply; employment
creation and livelihood support in the city and nasv become a part of the urban
ecological system as it is playing an important redithin the urban environmental
management system.

Unfortunately many urban farmers as a result otilgl cost of synthetic agricultural
inputs have resorted to unorthodox farming prasti&@ey among this is the irrigation
of crops particularly vegetables with urban rursdiifom drains (Obirih-Opareh &
Otchere-Larbi, 2007). This development is unfortares the application of untreated
or inadequately treated wastewater and excretaaps hiave been associated with the
transmission and elevated prevalence of intestiethinth infections (Fewtrell and
Bartram 2001).



The choice between an expensive synthetic fertilam® one hand and a free but
polluted and potentially disease causing irrigateter stream is one of the challenges
facing urban agriculture in Accra today. Ecologisahitation which seeks to solve

sanitation problems more sustainably and efficjeatluld form an answer here. This

approach seeks to close the loop between sanitatidnagriculture by producing a

win-win situation for the city authorities who atrrdened with the unpleasant

sanitary situation and the urban farmers who seirch of alternative fertilizer.

An assessment of the sanitary situation in thedfitfccra indicates that up to 32.7%
of households use public toilets as their main raeah sanitation (GSS, 2002).
Although such toilets were initially meant for tle®mmuter population and its
construction was mostly encouraged in places sschua stops and markets it has
become a predominate feature in most of the densmlylated informal settlements
within the city. Even though public toilets do raatunt for improved sanitation in the
Millennium Development Goal no. 7 (WHO/UNICEF, 200&e reality is that it is
serving and will continue to serve the sanitarydseef a considerable number of
people, more so as the population in the city oo to rise.

Instead of seeing these public toilets as a nuesathey could also be turned into
centres of nutrient production. This would resultreducing the pollution and the
degradation of the environment which is so penasaday. This line of thought in
the management of public toilets is in line witke tim of the SWITCH project.
Theme 4.1 of this EU funded research and demoiwsiratoject seeks to achieve a
paradigm shift in urban water management in ordaydt sustainable, effective and
safe urban water systems.

SWITCH (Sustainable Water management Improving Troovgs Cities’ Health) has
recognised that one of the challenges facing teahmnovations is the up scaling of
technologies. Many of the success stories that Hmeen recorded in the sector
remains as islands of isolation. This is princiypallie to the fact that such innovations
have not been institutionalized. Learning Allianees believed to help address this
problem and facilitate the uptake of innovationmitS et al 2007 define learning
alliance as “a series of connected multi-stakehofdatforms at institutional level
involved in innovations in an area of common ins¢@nd it's scaling up”. Scaling up
is achieved in two dimensions. There is a vertszaling up as well as a horizontal
scaling up. Vertical scaling up occurs when an v@ation is adopted from a
community level, through an intermediate or regideael to national level whilst
horizontal scaling up occurs when there is a ggogcal spread to more communities
and people (Gundel et al 2001).

This approach has brought together multiple stakiel® in areas such as
implementation, policy, regulation, research arairieng as well as dissemination and
documentation in order to upscale technologies.ltMade SWITCH is implemented
by a consortium of 32 organisations including twgamisations from Ghana. The
findings of this MSc. work will therefore form paut the lessons to be learnt within
the SWITCH learning alliances of Accra and othé&esiwithin the consortium.

1.2. Problem Statement

Urban agriculture is one of the key employment@sain Accra. However, one of the

factors threatening this sector is the high cobtsineral fertilisers. Human urine has

been identified as having a comparable fertilizmgue compared to synthetic
2



fertilizers. Its application has however remainétha pilot scale and its performance
in the field particularly in Accra remains virtualunknown. This thesis project aims

to address this problem by analysing whether tlseaemarket and market acceptance
for urine as a fertilizer and investigating howearebnstration for this approach could

be up scaled.

1.3. Justification of the Study

Urbanization coupled with rapid population growtashresulted in the creation of
public toilets within the Accra Metropolitan AsselpbMany of the households
within the metropolis have no access to their oweans of sanitation. They have
therefore resorted to the use of public toiletse Plublic toilets in Accra therefore
constitute one of the greatest points of humanewvdischarge. Unfortunately, most of
the wastewater and waste flows from these toilefsrpstly untreated, into the cities’
drains and environment thereby polluting ground sunrélace water sources.

It is known that such uncontrolled dumping of wasiter into the environment,
particularly into water bodies, ends up in eutrgption of these water bodies.
Eutrophication is normally the result of nutrierdllption caused by factors such as
the release of sewage effluent into natural wategenerally promotes algae growth
and causes severe reduction in water quality. lmat) environments, enhanced
growth of these algae disrupts normal functionifithe ecosystem, causing a variety
of problems such as a lack of oxygen in the waesded for fishes to survive.
Eutrophication also decreases the resource valuevefs, lakes, and estuaries
because their recreational, fishing, hunting ansthedic enjoyment are hindered.
Health-related problems can also occur where ehirtoponditions interfere with
drinking water extraction. This is exactly the caseAccra where most of the
wastewater is released untreated into the Korlebagvhich is an outlet of the Odaw
River. The Odaw River passes through most of thanised part of Accra and serves
as a cesspool for many households. These househelease their waste and
wastewater into this water body, resulting in tagodon becoming one of the most
polluted water bodies on the planet. This polluti@s seriously disrupted the natural
ecology of the lagoon (Boadi and Kuitunen, 200R)eanwhile, instead of addressing
the root cause of this pollution (which is mainlyetwaste and wastewater from
households and industries); millions of dollars Beng spent on an end of pipe
solution in a restoration project for this lagoon.

Urine is by far the greatest contributor of nutteemto the household water stream.
Several studies have also shown that up to 87%eofdtal Nitrogen, 50% of the total

Phosphorous and 54% of potassium load in munici@dtewater originates from

urine (Larsen & Gujer, 1996; Hanaeus et al 1997\&fidenach & Loosdrecht, 2000).

It therefore stands to reason that by merely sépgrairine from the wastewater

stream, eutrophication will be reduced. The sepdrairine could then be used as
fertilizer in urban agriculture which is a majormusce of employment for many of the

urban unemployed.

Urban agriculture in the city faces many challenggke many other countries in
Africa, the fertility of the soil in the city is W@. This now constitutes a fundamental
impediment to increasing agricultural output as nwisthese farmers work on soils
which are poor, degraded and nutrient depleteds@ lseils lack available nutrients
such as nitrogen, phosphorus, sulphur, magnesiunzent additionally they have
inadequate organic matter and poor physical strectdhs a way out of this
predicament, many experts have advocated for tbeease in the use of mineral
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fertilizer arguing that the usage of this minegtifizers will not have any significant
major repercussion as the usage is so low in Afiite per capital usage of fertilizer
in Africa is estimated at 10,000 tonnes per 1,000 0eople (UN Millennium Project,
2005a). However recent trends over the last 5 ybak®e shown an increase in
concentration of nitrate and phosphate at river ttr®in some African countries and
this is believed to be as a result of the use ofenail fertilizers (UNEP, 2006). Not to
be forgotten also is the high cost of this feréitiz which are astronomical and way
beyond the means of many of the urban poor whergaged in farming.

The UN Millennium Project (2005b) recommends the akenvironmentally friendly
nitrogen-fixing plants and agro forestry as altéu@afertilizers. Also mentioned are
bio-fertilizers such as animal waste and mulch. kelsv the availability of such
fertilizers in a city such as Accra is difficult.

Public toilets can serve as centres for the proolucif valuable nutrients and organic
resource in the form of human waste. These centtegherefore be turned to places
of alternative fertilizer production with the hastieg of excreta as a soil conditioner
and urine as liquid fertilizer. This will provide solution in three dimensions. First
and foremost is a solution in terms of the dispafahuman waste which is fast
becoming a problem in the city. Secondly, the potidn of a cheaper fertilizer
source which would improve urban agriculture byatireg higher crop yields. Lastly,
employment will be generated for those who will &egaged in that sector of
production as well as an increase in revenue ®ptiblic toilet operators.

1.4. Theoretical Framework

Persistent societal problems as being faced iratba of inadequate sanitation and
urban agriculture are complex, unstructured andlirermany stakeholders. It is also
surrounded by fundamental uncertainties that aeplglerooted in societal structures
and institutions. Their resolution according to Hmech and Rotmans (2006) demands
a fundamental revision of both developmental preegsnd the institutions that have
been built to handle them. In order to resolve ¢hsescietal problems, structural
transformations or transitions are necessary.

These societal transformations are guided by tdogieal transitions. Technological
transitions are major technological transformationshe way societal functions are
fulfilled. This change does not only involve teclogical changes, but also changes
in elements such as the user practices, regulatioggstrial networks, infrastructure
and symbolic meanings (Geels, 2002).

1.5.  Objective of the Study

To investigate the financial feasibility of the noduction of urine harvesting for use
as an alternative fertilizer source so as to imerokban agriculture in Accra and to
design a strategy on how this approach can bedsaoale

16. Hypothesis:

The use of urine as an alternative fertilizer seundll improve urban agriculture in
Accra by introducing a low-cost fertilizer. At tisame time this approach will reduce
the nutrient loads to city drains and the oceam flitancial benefits of such a system
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(savings of chemical fertilizer and / or highergroelds) could finance infrastructure
modifications (toilets) and the collection and spartation of urine.

1.7. Research Questions

Research Question 1:
Can the financial benefits achieved by the increaszop yield by urine fertilization
finance the cost of operating the system?

Specific Research Questions

Where are the urinals located in the city?

Which farmers will be interested?

What is the potential urine that can be harvestauh foublic urinals?
What is the cost of infrastructural modificationsorder to harvest the urine?
What is the cost of operating the system?

What is the nutrient value of urine in Accra?

What is the economical value when compared to ralfertilizer?

What is the economical value when compared witHtpomanure?
What is the increase in crop yield?

What is approximately the financial revenue of thiseased crop yield?
What are the health implications in the use ofefin

How would the health implications be addressed?

Research Question 2
How can the described approach be up scaled tghehievel?

Specific Research Questions

Who are the stakeholders in the current socio-teahregimes?

What are norms, interests, rules and belief systhataunderlie their activities?
What is their attitude towards the new agenda?

What kind of niches are there on the ground?

What is the state of the niches?

What is the state of urine adoption in the framdwaifrthe niches?

What kind of transitional arena is the urine adapfitted?

Does the membership of the arena reflect the dtyavbthe task at hand?
What are the drivers for up scaling of the adoptabarine?

What are the impediments hindering the up scalfrtpeadoption of urine?
How can the impediments be overcome?

1.8.  Scope of the Study

The study will be limited to the city of Accra with focus on urban agriculture and
sanitation. Sanitation will also be limited to eatar management and to the possibility
of extracting urine (yellow water) from the pubtmilets in the city for use in urban
agriculture. Urban agriculture also on the otharchaill be limited to the growing of
crops and not the raising of live stocks and fisser

1.9. Limitation of the Study

The study was mainly limited by time. As the unéadaility of time on the part of the
researcher limited the depth into which the redeaould have been carried



2. RESEARCH STRATEGY AND LAYOUT OF STUDY

2.1. Research Strategy and Methods

The study is divided into a technical and a sogt@ntific study. The technical study
analysed the financial benefits of urine separatiod the use of it as a fertilizer in
agriculture in order to evaluate whether the finaingenefits generated will be able to
cater for the cost of the infrastructural modifioas and / or operation of the system.
The social scientific study also dealt with howstkéchnology can be up scaled to a
higher level by identifying the drivers and barsigowards full implementation. A
number of research methods such as observations;tised and unstructured
interviews with the major stakeholders, literatusview and analysis of policy
documents were employed to generate data whichuged to arrive at conclusions
and recommendations.

2.2. Data Generation

During the preparatory phase, | reviewed variousoties that could serve as a
framework to the empirical study. Literature wagieeved to understand the concept
of transitional management and how it could sefdwe purpose of the research
conducted. Furthermore, interviews were conductikd some experts including Dr.
Adriaan Mels my supervisor from WUR, Dr. Pay Dregrand Dr. Cofie of IWMI as
well as Ms. Dartey of SWITCH. These interviews gawe a good insight into the
concept of decentralised sanitation (DESAR), urbgnculture in Accra and also
some works that have already been done in relatidime potential of urine harvesting
in Accra.

2.2.1. Technical Study

The purpose of this part of the study was to amatye financial benefits of urine

usage for urban agriculture. Some preliminary wdrage already been done by 0.0
Cofie and Mainoo on the potential of urine harveggtirom the Central Business

District in Accra. A follow up study was carried toon the urinals to assess their
locations, the state in which they are, and thelabiity of space around the urinals

for creating storage capacity. In addition to tkisme public toilets were also

examined to analysis their potential for urine leating. This led to the design of the
holding tanks and consequently a cost estimaten#nview was also conducted with

the urinal operator to determine some of the chghs he is facing.

From this point, the transportation route was tlaitem the urinals and the toilets to
the farms. Cost estimates were obtained from netapkrators of suction trucks to
determine how much they would charge for their ises/in conveying the urine from
the CBD and other locations to the farm site. Tattee the Dzorwulu farm site and
the GBC farm site were also visited. The purposthisfwas to get a first impression
of the nature of urban agriculture and the prastiagéthin the city as well as the
modifications required for the urine application.

At the end of the technical study, the economic licagion of the design was
determined vis-a-vis the current input practices.

2.2.2. Social Study
The social study was mainly carried out to deteentime relation among the main
actors as well as the perception of the existiggnme towards the new technology of
urine harvesting. Literature sources were review@dletermine already existing
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secondary data. Face to face interviews - throwghi-structured and open ended
questionnaires were administered to selected sbidets involved in urban
agriculture and in urban sanitation. The main psepof these interviews was to
determine their roles and interests within the megiand their attitudes towards an
innovation of urine harvesting and use.

In addition to the interviews, an analysis of pgldlocuments and existing literature
was made and current practices were observed toaalalyse the reaction of the
existing regime towards the new innovation. Thehaidtself was also assessed to
determine if it has all the potential and the riglembers to break into the current
socio-technical regime.

2.3. Sampling Strategy

Purposive sampling technique as well as the sndwbahnique of non-random
sampling was throughout the study. This strategy seachosen because | believe that
the information so required is in the hands of séemeselected people who should be
sought.

24. Layout of Report

Chapter 3: Technological Transitions theories idirig elements such as Technology
development, changing technologies, technologrealsitions, transitional framework
and transitional Management

Chapter 4: Profile of the study area including: oy and city profile, housing,
sanitation and water situation and urban agricaltpractices within the city

Chapter 5: Alternative Sanitation Systems includéigments such as: Background of
ecological sanitation, constituent of household tesmsater, urine harvesting,
fertilizing value of urine and health implicatioaburine usage.

Chapter 6 Required infrastructure, logistics and financialpliwations of urine

harvesting and use including aspects such as: #atéor urine harvesting in Accra,
design for Source Separation of Urine in Accra,rastructure required and
comparative cost analysis with other fertilizerdgp

Chapter 7: Networks, Co-operation and Translatiodstors involved in urban
agriculture, actors involved in urban sanitatioergeption among members of the
socio-technical regime as well as Networking anapgeration

Chapter 8: Discussions: Interpretation of the tssusing the theoretical framework

Chapter 9: Conclusions and Recommendations



3. UPSCALING OF INNOVATIONSAND TECHNOLOGICAL
TRANSITIONS

3.1. Defining Technology and Technological Systems

The high cost of imported mineral fertilizers isybad the economic means of many
resources-poor urban farmers in Accra. This hasetbee given rise to a situation
where many of the farmers resort to continuous mirgpwithout adequate fertilizer.
Organic nutrients such as cow dung and poultry meaauist and have been receiving
some promotion from many local and foreign partri®rsthey are scarce in urban
centres and information about their use is scaritg high cost of mineral fertilizer
and the absence of sufficient amount of organicteanah many urban centres in
Ghana therefore create a situation in which rengclf human excreta could be
greatly advantageous (Cofie and Mainoo, unpublishBdt changing from a known
practice such as cropping with synthetic fertilezey an unknown practice such as the
one been advocated requires a lot of careful ceraiidn and planning. The current
farming practice is a complete technological systamits own and to change this
practice one needs to understand how technologizaiges are achieved.

Ayres (1994) regard technology as knowledge contbimgh appropriate means
which transform materials, carriers of energy dreottypes of information from a less
desirable state to more a desirable form. Technolibgrefore consists of two
components. These are the hardware and the softwaexhnology. In the urban
agricultural sector for instance, the hardware se0f the physical and tangible
technological artifacts such as the cutlasseshdles, the fertilizers, the spraying and
watering equipments as well as the pesticides anotimgrs. Technology is however
more than these tangible products. The hardwateomy work when combined with
knowledge, know-how, practices and organisatiokdlss These are the software of
technology. The importance of these softwares dabeounderestimated as they
directly influence the inception, development aiifugion process of a technology
(Weaver et. al 2000).

Hughes et.al (1987) sees technology as a systeis. siistem according to him
contains messy, complex and problem solving comp@neThey comprise of
artefacts such as the physical artefacts, the @at@on, the incorporated components,
legislative materials as well as the natural resesirGeels (2002) also emphasises the
heterogeneous nature of a technology by explaiirg societal functions are
fulfilled by socio-technical configurations. Accamgd to him, things and skills are part
of routines, patterns, and organisational behaviohey work only because they are
embedded in the organization.

Figure 3.1 shows the modern socio-technical condijon for land-based personal
transportation. Although a transportation systechsas a vehicle is a unit on its own
it cannot function independently. For the vehiddunction, it must be supported by
road infrastructure and traffic systems. Withous tho vehicle can function rightly.

The vehicle itself is also made from componentshsas the drive train, the

suspensions, the body and the control systemseTgass are normally manufactured
by different actors. Still within the system are flael infrastructure and maintenance
system which also sustain the personal transpomtagsystem. Further down the
system again are others such as the finance andihsheance sectors. All these
different and isolated units function as one topsup the system. It is therefore
logical to reason that these isolated artefacts kwonly because they are
heterogeneous and are governed by some uniqueandiesrganisational practices. If

8



an artefact is suddenly removed from this systerisocharacteristics are changed,
the other artefacts will have no choice but to rakecordingly. Because these
components interact with each other, their charesties are derived from within the

system.
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reanings (e.g. freedom,

inlividuality) \ SOCIOTECHNICAL J_,,-""H manufacturers, suppliers)

Industry structure (car

CONFIGURATION IN
PERSONAL

Finance rules, mlerest rales, ————— . . R —

insurance premiums TRANSPORTATION X Muintenance and
/ disn'lhutiqn networks

Regulations and policies (e.g. iglt,‘;pfﬂ;t]ﬁ;”:f}r

traffic rules, environmental

standards, car taxes, parking

fiees)

Rosad Markets and user
infrastructure Vehicle/artefact practices (mobility
and traffic patterns, driver
SYSlEMmS |'|rr:|'¢r|:]1ca.'5I

Fuel infrastructure
(&g petrol stations,
otl refineries)

Drrive Suspension Body Accessories Control

Irain \ ".:l"\;llil'l'l"i
Engine  Trans- Wheels Material :?“'“IE“""?'_ Brake Steering

Mmission conliguration System system

Figure 3-1 Socio-Technical Configuration in Personal Tspartation (Source:
Geels, 2002)

3.2.  Technology Development

The fact that technology is a system and the atefaithin are heterogeneous and
interacting regularly does not mean the system ldhba static. Like every other
system, technology also develops. This developmnsecyclical. Belt (2001) refers to
technology development as the development of newgsses and products in the
spheres of material production, consumption andeetion. This development is
irrespective of the level of scientific sophistioat involved. The development can
therefore be tangible or non tangible in natureaVée et al (2000) list three stages of
technological development. The first phase is theemtion phase at which level a
new technological solution is found. The next ie thnovation stage during which
process the technology is improved. The improvemaght be radically or gradual
and incremental. The final phase is the diffusimacpss. This is the process and
pattern of the adoption and spread of a technotogy time, space and across new
user groups

Different views exist on how technologies develom ajo through the process of
invention, innovation, diffusion and use. The vieme chooses depends on the
discipline being studied. These views range frogdeterminist point of view where
technology is seen to have an imminent strength detdrmines its own path of
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development, to a neo-classical approach wherentdotpy is seen as been controlled
by the market pull forces of demand and supply. Tteers are the social-
construction view of technology which sees techggl@as an interactive process
between the inventors and their paymasters andAther Network Theory which
advocated the building of networks and the dissmhubf all kinds of distinctions.

3.2.1. Technology Determinism
The earliest view of technology was one that setksportray technology as
independent from society. The proponents of thiscept argue that technology
develops autonomously and in conformity with an iment logic. This development
according to them is self-generating and feedds®eifi Society and culture are seen
as external effects and their only option is topadand adjust to the dictates of
technology (Belt, 2001).

This view was to be challenged by the neo-classidad introduced their economic

view of technology. The proponent of this view aguhat technology development
is a demand / market pull and not a technology asilsuch. According to them, the
extent and rate of technological development asd &k character or direction is

influenced by economic factors. Factors of producsuch as capital, labour, land are
channelled in directions that minimize the explaita of the most expensive factor of

production. For instance, if labour suddenly beceomepensive, then technology will

have no choice but to develop an alternative touabThis view does not ascribe any
role to the human players or society as a whole.

3.2.2. Technology as a Social Construct
The proponents of this view places the human acabrghe core of technology
development. They believe that technology, of fifdes no power and does nothing
on its own. It is only in association with humaneagy, social structures and
organisations that it could fulfil a function (GegR002). Weaver et.al (2000) also
commented that “contrary to what is tacitly assumedhnologies are not generally
the products of a moment of inspired creativitytbe part of the designer, inventor
and engineer working in a remote laboratory setleagrom the disturbance of
everyday life”. On the contrary these technologies social constructs. This is to say
that social and economic values, opportunities amgectation, problems and
incentive always influence the creative process.

Technology development from this perspective tlmegfdoes not actually follow a
fixed or rigidly prescribed course. The proponehtttos concept believes that, at
certain points in the developmental process, tlaeeemore than one alternative to
choose from. The choice that is made depends oadbheomic and political relations
of the wider society.

3.2.3. Actor Network Theory
This view seeks to reject all distinctions whichsédetween micro and macro, local
and global, science and technology, nature andireylhature and society, humans
and non-humans. According to Latour (1999) theeenar such given distinctions and
that all this can be overcome by the hard workihefactors involved.

In this same sense, he sees no distinction beta@entists and technologists, saying

that they are one and the same. He calls them destiantists. Again he sees no
difference between facts and artefacts claiming ithg@rinciple the fate of facts and
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of artefacts is in the hands of later users. Oheeusers accept it without modifying
or altering it, they are then recognised as rezbfar successful artefacts.

In most cases however, later users will not adbpsé things without further ado:
each movement from one person or group to anotbeaccompanied always
accompanied by a ‘translation’. To counteract thredency, techno-scientists will try
to give their products the character of black boxekich may circulate without
alteration. For this purpose they enrol "alliestfbhuman and non-human) and build
networks of larger or smaller size in which thaiogucts can circulate without being
altered. In other words almost like the technolabjideterminist proponents; the
proponent of this theory believe that technologdavelopment has such pervasive
effects that all existing relationships are turngxside down. Societal structures to
them do not remain unaffected by technology devakqt (van Vliet, 2006a).

3.3. Upscaling Innovations

A paradigm shift from a system which sees humantavas municipal waste and
therefore a public health hazard to a system wileeesame waste is seen as a
resource qualifies to be treated as a technolog@asition. For technology is a range
of interconnected technological artefacts as wekacial actors managing, using and
regulating these systems. Such a change will ndy oequire a change in
infrastructure but also changes in relations, hutemaviour, legislation and policies
among others. This will call for realignment of agbns and building up of new
relations where there was none.

Learning alliances recently emerged in the Wated &anitation and Hygiene
(WASH) sector as a promising approach to problefrscaling up innovations. It is
recognised as having great potentials for helpmgjviduals and organisations to
break through barriers of learning about innovatioh builds structures needed to
bring people together to analyse and address prnsbés well as face the challenges
of different expectations and interest and joitglgrning how to find solutions. In this
way innovations are quickly spread as the intevésil stakeholders have been taken
into consideration.

The various aspects of technological transitiongkvivill be discussed as part of this
study will be based on three concepts based omthieh Knowledge Network on
System Innovations and Transitions (Loorbach & Ruots) 2006). These concepts are
the transition itself, the transitional framewondaransition management.

3.3.1. Technological Transitions

Technological transitions structurally change theywn which a societal function is

performed in a society. These societal functiomsrearmally performed by a system
which is a coherent set of components that fornurectfonal whole and influence

each other in a particular direction. A sanitatsystem for instance is comprised of
items such as the toilets, the storage facilititbg, collection and transportation,
infrastructure as well as the treatment and exars¢ainfrastructure together with the
user practices, symbolic meanings, industrial stime¢ policies and knowledge all

acting as a functional whole. The same also earsttie urban agricultural sector.

A transition will therefore mean a change from @eeio-technical configuration to

another. This involves the substitution not onlyte@thnology but also all the other

aspects as it is a technological system. As th&tiegi system is already a system, the
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elements within are configured, linked and alignectach other. A new technology
will therefore have a hard time to break througécduse regulations, infrastructure,
user practices, maintenance networks are all aligméhe existing technology. But it

is also true that no system remains close for gmogreviously achieved closure can
be undone.

What is therefore required is a process of planrsteering and coordinating as some
of these processes are autonomous and beyond heloaof management. In many

transitional processes, a cultural change for mts&ais required. For this reason,
transitions cannot be managed in the traditional efadoing business but will rather

require a careful manipulation of factors suchhesrharket, the planning and also the
institutional mechanisms.

Kemp and Rotmans (2004) opined that although eatsition is unique in terms of

content and context, generally there are two typéstransitions. These are

evolutionary transitions, in which the outcome @ planned in a significant way and
goal-oriented transitions, in which goals or visasf the end state are guiding public
actors and orienting the strategic decisions aofgpe actors.

3.3.2. The Transitional Framework
The second, shared concept of technological tiansi$ the transitional framework.
There are two types of frameworks. These are thigi-phase (multi-stage) and the
multi-level frameworks.

Multi Phase Framework

The multi-phase framework approaches transitiomftbe viewpoint of the speed of
change (Rotmans et.al.2000). The central assumjsidhat societal structures go
through long periods of relative stability and amiation. This is then followed by a
relatively short period of structural chan@®orbach, 2007).

Based on this framework, a transition then candseigbed in four stages. Figure 3.2
shows the various stages in this development. ifsephase in the framework is the
predevelopment stage. At this stage there is Jttlg Visible change and the status
quo appears almost the same. But underneath thacsuthere is a lot of

experimentation going on. The second phase is dke-aff phase. At this stage,
thresholds are reached and the state of the systgms to shift. The third phase is
the acceleration phase where structural changgm$eo take place through the
accumulation of socio-cultural, economic, ecolofiaad institutional changes that
react to each other. It is during this process titre are collective learning
processes, diffusion and embedding processes. ihhk ghase is the stabilization
phase where the speed of societal change decr@adesnew dynamic equilibrium is
reached.
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Figure 3-2 Multi Phase Framework (Source: Rotmans e2@0]

The Multi-Level Framework

This framework relates transition on different scdiynamics which are interrelated.
There are three distinct levels namely the midre,rheso and the macro levels which
are acting at interacting levels. Figure 3.3 shdkes various scale levels and the
activities that are taking place there.

At the first stage is the micro-level. Acting aisthevel are the niches. Niches are
protected spaces for development and the spaceewitemising technologies and

approaches are nurtured. Like the pre-developng#age in the multi-phase

framework, a lot of experiments go on here. The airthese experiments is to learn
about the desirability of a new technology and atso enhance the further

development and the application of the technold&pdically new technologies need
such protection because they have relatively l@hrigal performance, and are often
cumbersome and expensive. Niches are importargusedhey provide locations and
also provide space to build the social networkscvlsupport innovations.

The second stage is the meso-level. At this lewghé socio-technical regime. Rip
and Kemp (1998) define a social-technical regimeassisting of the rule set of a
technology. These are embedded in a complex ofneragng practices, production
process technologies, product characteristicdsskild procedures, ways of handling
relevant artefacts and persons as well as waysfifidg problems. All these are

deeply fixed in institutions and infrastructuresoc®-technical regimes can be
characterised along seven dimensions: namely témfyio user practices and

application domains; symbolic meanings of techngjomfrastructures; industry

structure; policy; and knowledge (Schot, 1998).

Finally at the macro-level is the socio-technicGhdscape. At the landscape level
there are various background variables such asntiterial infrastructure, political
culture and coalitions, social values, worldviewsl paradigms, the macro economy,
demography and the natural environment. These hlasachannel transition
processes and change ‘slowly in an autonomous W¥&mp and Rotmans, 2001).
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The structural character of the landscape mearisctienges at this level occur
gradually and very slowly. In the case of the toiter instance people are used to the
concept of flush and forget and this is deeply idd®l in their practices. An attempt
to change this to a system which will involves eeminimum of level of work is
expected to bring about public criticism (van V|i2006b)

Landscape

Patchwork
of regimes

Miches
(novelty)

Figure 3-3 Multi-Level Framework (Source: Geels, 2002)

As to how transition occurs, Geels (2002) stated this as a result of evolution
involving ‘variation and selection’. The key chaxtstic of this framework is that
regimes are embedded within landscapes and nialeescually embedded within
regimes. Niches are crucial for technological tit#mss, because they provide the
seeds for change. They are filace where radical variety is generated. Reginmes o
the other hand are the selection and retentiofioptas. Elements at the regime level
are stable because they are linked together. Thekages are maintained and
reproduced by the alignment and co-ordination Biédént actor groups. Under stable
conditions, radical innovations, which are pionéene niches, have a hard time to
break out of the niche-level.

However, if the regime is confronted with probleam& tensions emerge, the linkages
in the configuration will loosen up. This creat@sogpportunity for radical innovations
to escape the niche-level and be incorporatedtiv@&ocio-technical configuration. If
new elements are introduced in the regime, they mngger further changes if
changes at the landscape level create pressumeandpportunities.

Another driver for further changes is the emergeoicepecialised actors directing
their activities towards improving and expanding tiew element. Reconfigurations
thus occur when developments at multiple levels lip and reinforce each other.

3.3.3. Transition Management

Transition management consists of a deliberatengtt¢éo bring about a transition, in
stepwise and interactive manner, involving seqaérdand participatory decision
making (Rotmans et al 2000). This management isratds when changes and
improvements alone have insufficient effect, anderfandamental change is needed.
In the case of a technology such as the adoptidruae of urine for urban agriculture,
the change transcends the scope of the artefgtcesents only, but rather extends
to other social factors such as perception. Thesmals factors will call for a
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reorientation in thinking and behavioural changésctv are beyond the scope of any
organisational management. Any attempt thereforemtnage transitions in the

traditional way of command and control will failransitions will therefore have to be

managed by carefully organising, influencing anflistihg the direction and pace of
its path. The three main means of doing this ishgymechanisms of markets, plans
and institutions.

Markets for instance can be managed by relying oicepmechanisms and
decentralized decision-making in terms of makingdpict and service choices. Plans
can also be formulated in the form of transitiomlgppolicy strategies and objectives
that centrally coordinate economic activities. Hipanstitutions can equally be co-
ordinated.

Loorbach and Rotmans (2006) have listed four psesshat every transition should

go through. Figure 3.4 illustrates these variouscgsses. Far from seeing these
processes as a one shot activity it must ratheridged as cyclical, developmental

and iterative.

The various developmental rounds are:

» Establishing and Developing a transitional arena
Developing of a long term vision
Initiation and Execution of transitional experiment
Monitoring and Evaluation of the transitional prese

Problem structuring,
organising transition
arena, developing
ﬁustmnﬂhili 5iDNs

Creating
arena’s of
arena’s,
developing
transition-
images,

Evaluafing,
maonitoring
and learning

Muhirzlnn transition-
network and executin
projects and experimen

Figure 3-4 Activity Clusters in Transition Management (ffeu Loorbach &
Rotmans 2006)

15



Establishing and Developing a Transitional Arena

This phase involves the establishment and developmwiea transition arena for a

specific transition theme. This can only be dorkerathe problem has fully been

assessed. The establishment and organisatiorrafsitional arena forms the basis of
the transition management process. These arenaseam®rks of innovators and

visionaries that develop long-term visions and iesad his in turn forms the basis for
the development of transition-agendas and tramséiperiments involving a growing

numbers of actors.

The selection of participants for the transitioerar is of vital importance since they
need to reflect the complexity of the transitiomand. Participants need to have some
basic competencies at their disposal: they nedxk taisionaries, forerunners, able to
look beyond their own domain or working area, amddpen-minded. They must
function quite autonomously within their organisatibut they must also have the
ability to convey the developed visions and devekbyem within their own
organisations. Aside of these abilities, they neetle willing to invest a substantial
amount of time and energy in playing an active ioléhe transition arena process. It
is important to know the criteria upon which theseticipants have been selected and
to document these criteria.

Loorbach and Rotmans (2006): advocates that theist be a transitional manager.
One of the most important roles of this managetoidring together the various
parties. The manager must also be responsibleh&poverall communication in the
transition arena, acts as intermediary in discdrdanations, and has an overview of
all the activities in the arena. The transition ager should also ensure a balanced
representation of participants from business, gowents, non-governmental
organisations, knowledge institutions, and end siseonsumers. After some time,
arena participants may be replaced by new partitspaith other competencies and
practical orientations.

Developing of aLong Term Vision

The next phase in the management phase involvedewelopment of a long-term
vision for sustainable development and a commonsitian agenda. This requires
questioning one’s own paradigm and an insight amagination to look ahead one or
two generations Lastly, it also requires reachiggeament among often diverging
opinions on what sustainability means for a specitfiansition theme. Many
sustainability visions are still imposed by the gmment upon other parties in a top-
down matter, or originate from a select group giesks who are far removed from the
broad social setting.

This vision might function as a guide in the foratidn of programmes and policies.
It also aids in setting short-term and long-termeotives. The vision must be as
appealing and imaginative as to be supported bypadorange of actors but must also
be realistic. Ideally, the images should be denmmaly chosen and based on
integrated risk analysis. It is also useful to hawaltiple transitions visions,
represented by multiple transition images. Varitasition pathways lead to a
particular transition image, and from various traos images a particular transition
pathway may be derived. The transition images eaadjusted as a result of what has
been learned by the players in the various tramsiixperiments. Based on a process
of variation and selection, new visions and imageserge, others die out, and
existing ones will be adjusted.
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An insufficiently robust and ill-supported transit agenda creates a serious barrier
for transition management. If the transition mamageler invests in the quality of the
transition agenda, many problems remain below tinease which will arise later in
the transition process. An adequate transition d@ehowever, can form a binding
element in the transition process. The transitiganaa requires a balance between
structure and flexibility. Structure is needed tusifion the scale levels in which the
issue in question plays, and to frame the issuerins of themes and sub themes. It is
an iterative, cyclical and learning process.

Initiation and Execution of Transitional Experiments

From the transition visions and images, transiggperiments are derived. The
transition-experiments are supposed to contribat¢hé sustainability goals at the
system level and should fit within the transitioatlpvays. Experiments must be
selected and formulated on a sound basis and reusiutually coherent. The crucial
point is to measure to what extent the experimanis projects contribute to the
overall system sustainability goals and to measumrewhat way a particular

experiment reinforces another experiment.

Specific niches need to be found where experimearisbe performed. The attitude of
the current regime towards these niche experimentst also be identified.
Preferably, these experiments should link up witiyang innovation projects and
experiments in a way such that they complement etdwdr. Often, many experiments
exist, but are not set up and executed in a sysiemanner, resulting in a lack of
cohesion. Because transition experiments are aftestly and time-consuming, the
existing infrastructure for innovation experimesi®uld be used as much as possible.

Transition processes are beset with uncertaintiésdifferent kinds. These
uncertainties might be of knowledge or structusiure. It is, therefore, important to
keep a number of options open and to explore thesertainties in the transition-
experiments in order to determine which uncertagtire structural and which ones
can be reduced.

Through learning within the transition-experiencéise estimation of these
uncertainties changes in the course of the tramsgirocess. This, in turn, may lead to
adjustment of the transition visions, images analgo

Monitoring and Evaluation of the Transitional Process

Monitoring and Evaluation is an important partloé search and learning process of
transitions. Both the transition processes itsedf @ansition management should be
monitored. Monitoring the transition process itd&t to take place at different levels
in terms of monitoring the slowly changing macraselepments, the sharply
fluctuating niche developments, as well as theviddial and collective actors at the
regime level.

The monitoring of transition management requirediferent form of monitoring at
each level. The actors within the transition arenet be monitored to check on their
behaviour, networking activities, alliance formiagd responsibilities. They must also
be monitored in terms of their activities, projeetsd instruments. Secondly, the
transition agenda must be monitored to see if tbeorss, goals, projects and
instruments that have been agreed upon are onecolingdly the transition process
itself must be monitored with regards to the rdtprogress, the barriers and points to
be improved.
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The whole essence of transitional management iathef Learning-by-Doing and
Doing-by-Learning. Whereas learning-by-doing conserthe development of
theoretical knowledge from practice, doing-by-léagnis the development of
practical knowledge from theory.

This activity is a difficult process therefore egfiland clear learning goals needs to
be formulated during transition experiments whialm e monitored. The evaluation
of the above learning processes is in itself aniegr process, and may lead to
adjustment of the developed transition vision(@nsition agenda, and the transition
management process within the transition arena. sHteof interim objectives are
evaluated to see whether they have been achielvéisiis not the case, they are
analysed to see why not. Have there been any uo®peocial developments or
external factors that were not taken into accottd®e the actors that were involved
not complied with the agreements that were madete @mese questions have been
answered, a new transition management cycle sthith takes another few years.

Because these transition management cycles taleradexears within a long-term
context of 25-50 years, the creation and mainteman@ublic support is a continuous
concern. When quick results do not materialise setthacks are encountered, it is
important to keep the transition process going tandvoid a backlash. One way to
achieve this is through participatory decision-magkiSocietal support can also be
created in a bottom-up manner, by bringing in eigperes with technologies in areas
in which there is local support. The experience mayove broader fears and give
proponents a weapon. With time, solutions may hedofor the problems that limit
wider application.
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4. PROFILE OF THE STUDY AREA

41. Profile of Ghana

(o] o]
Ghana is located on the west of Africa. It liedm®en the latitude of AN and 11.5N

(0] [0}
and longitude 3.11W and 1.11E. It is boarded on the south by the Gulf of Gujnea
Togo is on the west, Cote D’lvoire on the east Badkina Faso on the North. The
size of the country is approximately 239, 460°kof these 8,520 kfris occupied by
water whilst the rest consist of land. About 13,600 hectares of this land is suitable
for agriculture but only about 29% of it is said b@ under active agricultural
production (CIA, 2007).

Figure 4.1 shows the map of Ghana. There are sxxexplogical zones dominated by
the moist semi-deciduous forest and Guinea savamatual rainfall ranges from a
low of 800mm on the coastal savannah ecologicaé zora high of 2200mm in the
rain forest zone. The climate of the country iseasially tropical and dominated by
two air masses. The South-West monsoon and thehf@ast harmattan. The
topography is predominately undulating with slopekess than 5%.
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Figure 4-1 Map of Ghana showing the neighbouring countaied the various agro-
ecological zones (Source: Obuobie et. al 2006)
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Ghana’s geology is dominated by the Dahomeyan {i®®vecambrian) and Birrimian
(middle Precambrian) system. The Voltaian (PalaiedZormation covers about 40%
of Ghana. Approximately 64% of the country’s saefavater falls on the Volta Basin
which includes the White, the Black and Lower Vaiigers and rivers Daka and Oti.
The other hydrological systems are the Bia, Tama,ad Ankobra Rivers which are
classified under the south western river basineRivi ordzie /Aka, Densu, Ayensu,
Kakum, Butre, Ochi-Amissa and Ochi-Nakwa make w@dbastal basin (Agodzo et.
al, 2003 & Obuobie et. al, 2006).

The population of the country is around 18.4 millwith a population density of 77
persons per kfn The population growth rate is 2.7 %. Administraly, the country is
divided into 10 regions and 170 metropolitan, mipaktand district assemblies (GSS,
2002).

Figure 4.2 shows the major ethnic groups in thentryu There are 8 main ethnic
groups in the country. The largest of this is tHea ethnic group which makes up
about 45.3% of the population.

' Mande- other tribes
2.6% 470
1% 7.8% Ak
Gurma an
3.6% 45.3%
Guan
4%

Ga-Dangme
7.3%

Ewe
11.7% Mole Dagbon

15.2%

Figure 4-2 Major Ethnic Groupings in Ghana (Source: G3®)2)

In terms of religion, almost all the major religgom the world have some followers in
Ghana. Figure 4.3 shows the main religious groupingGhana. Christians are in the
majority making up about 68.8% of the populatiord @hey are mainly of the
Pentecostal-Charismatic, Protestant and Cathofiordenations.
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Figure4-3 Major Religions in Ghana (Source: GSS, 2002)

The country’s economy is largely natural resourased dominated by commodities
such as cocoa, gold and timber as the main exponees. The agricultural sector
accounts for the bulk of Gross Domestic Product angploys 56% of the labour
force. Industry and the service sectors cater fofto lJand 29% of the workforce
respectively whilst the unemployed account for 1df%he population (CIA, 2007).

4.2. The City of Accra

Accra is the capital city of Ghana as well as theaBer Accra Region (which is the
smallest of the 10 administrative regions in Ghatiajs located on latitude®33’
North and longitude 015’ West in the southern part of the country Tlity &
managed by the Accra Metropolitan Assembly. Theésgliction of the metropolitan
assembly is limited to 170 Knbut the real city of Accra however goes beyond this
boundary. The megacity of Accra as it is known Iy tirban dwellers covers an area
of between 230 kfto 300 knf. Figure 4.4 shows a map of the city of Accra vifte
area controlled by the Accra Metropolitan Assembly.

The Accra Metropolitan Assembly is the highest focdi and administrative arm of
the Government at the local level. It is headea etropolitan Chief Executive who
is nominated by the president of the republic businbe accepted by at least 67% of
the assembly members. In line with the governmeddtentralisation policy which is
aimed at bringing governance to the doorstep ofottdnary citizens almost all the
ministries and departments have been decentraksidinistratively, AMA is zoned
into 13 sub-metropolitan areas. These are: Te®oeth Okaishie, Okaishie South,
Osu Klottey, Ablekuma North, Ablekuma Central, Souhblekuma, Ayawaso
Central, Ayawaso West Wuogon, Ayawaso East, Nungaaand Ashiedu Keteke.
Recently the Teshie and Nungua sub-metropolitatrictis have been ceded off to
form the new Ledzokuku-Krowor Municipal Assemblyhi3 means that currently
AMA has 11 sub-metros and the original land sizel®® knf has been reduced.
(However for purposes of this study the AMA shall e considered to contain the
ceded sub-districts).

The functions of Accra Metropolitan Assembly aslspat by its mandate among
others are the:
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* Provision of a sound sanitary and healthy enviramtme

« Provision of educational infrastructure for firstdasecond cycle schools
» Provision of markets and lorry parks within the kégblis

* The planning and development control of all infrasture within Accra

* Maintenance of peace and security

» Provision of public safety and comfort

There are 1.6 million inhabitants living within thmetropolis with an annual

population growth rate of 3.4% within the city baitending up to 9.2% within its

peri-urban settings. There are three main domie#tiaic groupings. These are the
Akans, the Ga-Dangbe and the Ewe groups. Theirgptiops of the population are

42%, 29% and 14.8% respectively. In terms of refigithe region is dominated by
Christians with 82.3% of the population claiming poactice this faith. This is

followed by Islam which makes up 12.2% of the pagioh. The percentage of the
population who practice Traditional African Religids just 0.7%. 4% of the

population claim they have no religion at all whéssmall proportion (0.4%) belongs
to other religions (GSS, 2002, Obuobie et. al, 2R06VIA, 2006).

Table 4.1 shows the general climatic conditionshim city. The city falls within the
dry equatorial climatic region and lies within theastal savannah agro-ecological
zone. It is the region that receives the least amnof rainfall in Ghana with low
annual rainfall averaging 810mm which is distrilsli@ver less than 80 days. The
rainfall pattern is bimodal in nature, with the mrajains coming in between March
and June and the minor ones around October. Tigahmean temperature is 2°C1
and varies from a low 25@ in August to 284 in February and March. The
relative humidity is around 81% and the wind vetparound 251 km/day.

Table4-1 Climatic data for Accra (for Southern beliGiiana)

Month | Mean | Relative wind Sunshine | Mean Effective
Temp | Humidity Speed | Hours Rainfall rainfall
°Cc % Km/day mm mm
Jan 27.7 77 207 6.8 10.9 10.7
Feb 28.4 78 259 6.9 21.8 21.0
Mar 28.4 79 268 6.9 57.1 51.9
Apr 28.3 80 251 7.0 96.8 81.8
May 27.6 82 216 6.9 131.2 103.7
Jun 26.4 86 242 5.1 221.8 143.1
Jul 25.3 85 294 4.7 66.0 59.0
Aug 25.1 84 328 4.9 28.2 26.9
Sept 25.8 83 311 5.9 67.8 60.4
Oct 26.7 83 259 7.5 62.4 56.2
Nov 27.6 81 199 7.9 27.7 26.5
Dec 27.5 79 181 6.9 18.1 17.6
Annual | 27.1 81 251 6.5 810 659

Source: Agodzo et al 2003 (modified)

The soils in the metropolitan area can be divided four main groups. These are:
drift materials resulting from deposits by wind-lo erosion and alluvial and marine
motted clays of comparatively recent origin deriieain underlying shale; residual
clays and gravels derived from weathered quartzgitesiss and schist rocks; and
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lateritic sandy clay soils derived from weathered¢daan sandstone bedrock
formations. In many low lying poorly drained arepseckets of alluvial black cotton
soils are found. These soils have a heavy orgamteat, expand, and contract easily.
Near the foothills are the large areas of allulaérite gravels and sands. Many of
these deposits are being exploited in an uncostiothanner for constructional

purposes.

There are four main drainage catchments withindiye The Korle-Chemu is the
most important. It covers an area of 250 land flows through most of the urbanised
parts of Accra. The principal streams that drasm¢htchment are the Odaw River and
its tributaries, the Nima, Onyasia, Dakobi and A@ibe principal outlet for water in
these catchments is the Korle Lagoon. The othanalga systems are the Kpeshie
Catchment, Songo-Mokwe as well as the Densu Rivat &akumo Lagoon
Catchments.

4.2.1. Housing and Water Supply in Accra
According to the 2000 Population and Housing Certbgse are 131,355 houses
within the AMA. The estimated number of householdighin these houses is
365,550. The average number of households alsormetrery house is estimated at

2.8 and the population per household is 12.6 aetyag

Accra’s main water supply is from the Weija Damtba Densu River to the west of

the city with some water being pumped from the Kp&dater head works on the

Volta River. Piped water supply to the city is mpiprovided by the state owned

Ghana Water Company. Only about 60% of the popuias actually served by the

water supply network. Figure 4.4 shows the soufagater available to the populace.
About 90.7% of households have access to pipe beater. Of this 43.6% have

water inside their homes whilst the other 47.1% o&l water from other sources such
as communal standpipes outside the homes or o wate tanker suppliers. Those

who do not have this facility rely on other soursash as wells, springs, lakes, rivers,
dugouts and boreholes.

. . Dugout and
Spring/ Rain Ponds
Boreholes 1% 0.3% others
Wells 0.3% 0.3%
4%
River/Stream
0.1%
Tanker Supply
3%
Pipe borne
water inside
Pipe borne #o0%
water inside
47.1%

Figure 4-4 Source of Water available within AMA (Sour€&eSS, 2002)
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4.2.2. Sanitation in Accra

The Waste Management Department of AMA is respdmsior keeping the
metropolis environmentally healthy and sound. Reihg the publication of the
Environmental Sanitation Policy in 1999 by the Miny of Local Government and
Rural Development the department has been mandatgovide these sanitary
services either directly or indirectly through @& contractors or franchisees. They
are also responsible for supervising the activitiethe contractors they have engaged
(Ayee and Crook 2003).

In spite of the fact that 100% of the metropolisuibanized not much can be said
about sanitation. It has been reported that therteighbouring cities of Accra and
Tema have 22 sewerage systems and sewage tregtlaatd, but only a few are
being operated and maintained in accordance withgders’ intentions (Akuffo,
1998; EPA, 2001). Whilst most part of Tema is sedewnly about 5-7% of Accra’s
population have access to the sewer. The largabiofreatment plant is the Up flow
Anaerobic Sludge Blanket (UASB) plant at James T.awstarted operations in 2000
and in addition to the UASB also has trickling dit$, settling tanks and other
treatment units for post treatment. The plant watsally designed to handle about
16,000 i of sewage per day but now receives less than 5G0agndue to the small
size of the sewered part of Accra. The plant idigér broken down and hence the
sewage is directed into the ocean. Faecal sludggntent plants in Accra are no
better. The Achimota faecal treatment plant witdumping rate of 250iday has
now been closed. The Korle Gonno treatment plapuleoly known as the lavender
hill with a capacity of 50riiday is also not functioning as it was designecéo
Figure 4.5 shows the pollution that goes on atdkender hill. Septic tank emptying
trucks empty their content into the sea directlyhaiit any treatment whatsoever as
the treatment plant has broken down long ago. Téshie-Nungua treatment plant is
currently undergoing some renovations.

Figure 4-5 Sewerage being directly dumped into the Oce¢dmeender Hill
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Due to the unsustainable municipal waste practie¢ goes on in the city, there is
periodic flooding whenever it rains in spite of tlwev level of rainfall within the
metropolis. Storm water drains which were initiatignstructed for the management
of rain water for instance now doubles as disppsatts for solid waste, grey water
and excreta. Figure 4.6 shows a typical situaticiie city.

e R S

Figure 4-6 Typical storm water drain in the city

With respect to household solid waste, the sitmat®ono better. Figure 4.7 shows
how households manage their solid waste. Only 2@9%ese wastes are collected.
A considerable amount (62.7%) is dumped publiclyplaces demarcated by the
authorities for collection. Unfortunately the Wastlanagement Department and its
contractors had failed to live up to their respbitisies rendering most of these
dumpsites an eyesore and a potential health hé&aatide citizens.

Others [I 0.70%

Buried by household []3.10%

Dumped elsewhere [15.80%

Public dump ]162.70%

Burned by household ———6.909%

Collected ] 20.90%

0.00% 10.00% 20.00% 30.00% 40.00% 50.00% 60.00% 70.00%

Figure 4-7 Solid Waste Disposal by Households in AMA (&auSS, 2002)

Figure 4.8 also shows how grey water which is pceduas a result of cooking,
bathing and washing, among others is disposedofly 13% enters into the central
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sewer with the rest going ether going into openmndtebeing poured onto the street or
outside the house. This is also an equally dangepoactice if one considers the fact
that grey water also may contain pathogens. Inrfaxst of the flood problems that

have reported within the city as well as the preneé of some diseases in the
metropolis such as malaria and cholera is as atdiesult of the improper manner in

which grey water and solid waste is disposed off.

60 53.2%

16.7% 16.6%
204 13% > >

Figure4-8 Grey Water Disposal (Source: GSS, 2002)

Toilet and bathing facilities within the city issal another great concern. Figures 4.9
show how the various households in the city condlueir toileting activities. 46.3%
of households have no access to toilets of their. 82.7% of all households in AMA
rely on public toilets to serve their needs whishers still use facilities in other
people’s homes. A small proportion of the populatstill defecates in bushes, fields
and the beach.

No
facility(bush/bea
ch/field)

4% Others

0.2%

Public toilet
(WC, KVIP, Pit,
Pan etc.)
33%

W ater closet
23%

Pit latrine
6%

Kumasi

ventilated

Bucket/Pan improved pit
13% 12%

Facility in
another house
(different house)
9%

Figure 4-9 Household by toilet Facility (Source: GSS, 2002
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In the case of bathing the situation is not mudciieddnt. Figure 4.10 shows the
bathing facilities within the metropolis. Publictbhouse accounts for 5.1% of the
bathing needs of households, another 1.5% batlpém spaces whilst another 1.2%
bath in places such as lakes, rivers and pond.

Figure 4-10 Household bathing facilities (Source: GSS,200

Public toiletsin AMA

Due to the fact that about a third of the poputaiio Accra relies on public toilets as
their main sanitary facility, public toilets haveednme an important part of the
sanitary infrastructure of the city. These toiletsre initially created to serve the
needs of visitors who come into the city to do hass. But with the rapid
urbanization which has resulted in an unprecedepogdlation explosion the reverse
Is now the case. It is estimated that up to 60%hefpopulation of the city live in
slums and informal settlements within the centrehef city (Obuobie et. al, 2006).
These people generally have no access to basitasafacilities. This is because
rooms which were initially meant for use as toiletsre been converted to shops and
sleeping rooms and this has also been rented oettauthe high demand for
accommodation within the city. For such peopledhly option left to them so far as
sanitary facilities are concerned is to use putditets. Almost about a third of the
city’s population use public toilets as their maiepans of convenience.

According to the Waste Management Department of Awera Metropolitan
Assembly, public toilets were meant for the flogtipopulation. Its construction was
therefore encouraged at places such as marketsusnstations. It has never been the
policy of the assembly to encourage the constronotibpublic toilets in residential
areas. However given the nature of the populatiosome of the areas in Accra and
also how the buildings were constructed it is diffi for those who do not have their
own toilets now to construct one. In such placddipuoilets are allowed. Therefore
public toilets could be found in virtually all tliensely populated areas in the city.
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Obiri-Opareh et al (2001) cite some of the readonghe increasing use of public
toilets by residents of the city as the high cdsbuilding and operating one’s own
toilet particularly when it is not connected to s@wer. Other factors are the lack of
water which is prevalent in most parts of the aiby the general misconception even
among government official that money should notweested on toilets (this was
because until the 1990s no user fee was chargdlddarse of public toilets).

The Metropolitan Assembly had taken several initet to encourage households to
own their own toilets but not much have been adddn this regard. The most recent
initiative was the acquisition of funds from GTZder the Urban IV project which
was aimed at enabling households to own their ooviets under a cost sharing
agreement. Under this arrangement, landlords payd® of the cost of the toilets in
terms of the provision of building materials whilese assembly support with another
50% in the form of construction and expertise aglvilithough this project is still
running and the money from the assembly was mest gift, households are not
assessing it. They claim the money is inadequaden@ore so it can only be assessed
at the very end of the construction of the buildiogexample when the septic tank is
about to be constructed

For the smooth operation and maintenance of thégtdilets, a user fee is charged
per usage. The charge depends on the locationypedf facility. Depending on the
location of a facility, a public toilet may haveuanal attached (this is prevalent in
places where there is a large commuter populatich as Tudu and Okaishie); others
also have a bath attached whilst others still veater vending facility as well.

In terms of construction, public toilets are of aatlosets either connected to the
central sewer or a septic tank. Others are of then&si Ventilated improved Pit
(KVIP) latrine and there are a few others whichitdatrines or aqua privies. For the
onsite treatment systems when the holding recegstaate full, the contents are
exhumed and transferred to one of the feacal teatnplants in the city
(unfortunately these are not functioning properhd éhence the waste enters the
environment untreated).

Management of public toilets have been privatisades1997. Private operators now
operate and manage this facility. In cases whexddcility is built by the assembly,

tenders are invited from the general public to foidits operation immediately after

the construction of the facility. These operatams @equired to pay a percentage of
their net earnings to the assembly after overheagiscsuch as electricity and

dislodging cost among others have been deductesorre cases, the build operate
and transfer system (BOT) operates. Under thisxgament, the private entrepreneur
constructs the facility. It is operated for a wester which a headcount is conducted.
The headcount will determine how long it will takee investor to pay back his

investment. Once again, after deducting the owetloest, 60% of the earnings go to
the entrepreneur to enable him to pay back hisstmvent whilst the 40% comes to
the assembly. After the payment period, the aearant is then changes to 40% for
the entrepreneur and 60% for AMA.

4.3. Economic Activitiesin Accra

According to the 2000 Population and Housing cetiseemployment rate within the
AMA is 86.8% (GSS, 2005). Figure 4.11 gives theloas sectors in which they are
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employed. 34% of the population is engaged in salesh is the highest employment
sector with the agriculture sector attracting oBl3%. Out of the number in the
agricultural sector, 22.2% are engaged in urbarcalgure whilst the rest are mainly
into fishing.

New Workers Professional
Other workers 1% Technical and Administrative

2% related workers and managerial
12% workers
1%

Production.
Transport
operators and
related workers
24%

Clerical and
related workers
11%

Agric, animal
husbandary,
fishermen and
hunters

3% Service Sales workers

Workers 33%
13%

Figure4-11: Economically active population by type ofwgation (Source: GSS,
2000)

4.3.1. Urban Agriculture in Accra
Urban agriculture can be defined as the productmogcessing and distribution of
foodstuffs and non-food products within and arowrlan areasUrban farming
systems can be classified under many typologietenQthe selection of a particular
criterion is based on the purpose of its use dectf the disciplinary background of
the respective author (Drechsel, 2006). Most @& tnd under urban farming
cultivation belongs to the government or other gevindividuals who are not yet
ready to develop their plots. In most cases thasedrs lack security as they are not
owners of the land they are farming on.

For purposes of this study the typology of urbancadture shall be classified under
the following headings namely:

Crop production system

o Non-crop production system

o Inputs and services delivery

0 Processing and marketing of farm products.

(@)

Crop Production System

Crop production can be classified into three mams namely open space farming
for the urban market, backyard gardens cultivatgdhbme consumption and peri-
urban agriculture which takes place up to a digarf88 km from the city centre.

Figure 4.12 shows the location of the open spaceifig sites in Accra. These farms
are located at the Marine drive near the indeperelaguare, Dzorwulu around the
plant pool, La and Korle-Bu. Other sites are thedway around the Tetteh Quarshie

29



roundabout, areas around the CSIR and the IWMta&dfiand the area around the
Ghana Broadcasting Corporation.

| Urban Agric. Sites Within Accra Metropolitan Area |

Accra

Tetteh Quarshie_g¢

Opeibea House

L r 1
0 15 3 6
Kilometers

Urban Agric Sites
Area (hectares)
o <1ha
G“\‘ e 1.0-5.0
@ 5.0-10.0
@ 10.0-250

. > 25ha

Figure4-12:Location of Urban farms in Accra (Source: IWMI dadse)

Most of the farmers in Accra are vegetable farmé&here are about 1000 vegetable
farmers. 60% of them grow exotic crops whilst tlestrare into local vegetable

production. Additionally, some farmers also growizeaduring the raining season to
supplement their incomes. Figure 4.13 shows a &pidan farm in Accra. Plot sizes

for each farmer ranges between 0.1 ha to 0.2ha.dstimated within the city alone

about 680ha are under maize cultivation, 47 hauwelgetable production and 251ha
under cereal and vegetable cultivation. (Obuobad €2006).

Figure4-13 A Typical Urban Farm in Accra (Source: IWMitdbase)
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Backyard gardening also known as home gardeniradsis extensively practiced in
the city. These farms are often based on agrotfgregstems, utilizing a combination
of tree and vegetable crops that are occasiongkgrated with livestock rearing .

It is estimated that about 50-70 ha are under mcdkgarden cultivation. Figure 4.14
shows a typical backyard garden in Accra. In tlasecplot sizes are usually small
averaging about 0.04 ha. Within the city, it iSrasted that up to 67% of households
are engaged in backyard agriculture. Crops are lyngiroduced for subsistence
purposes unlike open space farming which is meamthie markets. Crops that are
grown include: fruits, Millet, Maize, cassava, bgaokra, tomatoes, garden eggs,
grain legumes, soybean and pepper (Cetfial 2006).

The last type of farming is the peri-urban agrigrétwhich takes place normally on

the fringes of the city. Peri urban agriculturen@®v on the increase as many urban
agricultural farmers are relocating to this ardat Bize in this case often extends up
to 2.0ha.

<n e -
Figure4-14 A Typical backyard farm in Accra (Source: IWhtabase)

Non Crop Production System
Non-crop production system within the city of Accirecludes poultry, livestock
husbandry, aquaculture, and grass cutter reariraggrothers

These activities are normally undertaken on snealesbasis and either as a full time
or a part time activity. Poultry farming activitiés instance are normally undertaken
as a part time activity with the number of birds f@mer ranging between 35 and
2500. They serve as a source of income generatiothé farmers as the chicken can
be sold to make money and also the dropping cantedssold to the urban vegetable
farmer as manure. Livestock productions in the ailyo consist of the rearing of
animals such as cattle, pigs, goats and cattles ddm be done on a no-grazing basis
where all the animals are kept at one place andisfeellected for them. The other
technique is the free grazing where the animalsledeto graze between different
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areas where feed can be found. They are normallyoyea herder. The number of
animals owned per farmer ranges between 4 and @gtaks. The grasscutter which
is a bush-animal is also another area in the nop-system that has received a lot of
attention. This animal which is basically a bushre has been targeted for
domestication as it is a delicacy for many of theam dwellers in Accra. This is done
through the use of cages or pens, which not orlywal livestock rearing to be
conducted in confined areas, but also suppliesra luerative market as such meat
products have an extremely popular demand in adinf@tan cities. Indeed, grasscutter
rearing has been found to be one of the very liverdarming systems in the city
lately. (Cofieet. al 2005)

Only a few farmers are involve in aquaculture paigun but the market for this is
also increasing as the demand for fresh water disth as tilapia is now on the
increase.

Input Services

Under the input service only those related to csgptem will be considered. The
input in this sector comprises of labour, land arader issues as well as farm tools,
pesticides and fertilizer usage.

Most of the urban farming sites in Accra are ordléelonging to the government. A
variety of land tenure system applies here. Inctme of Dzorwulu for instance, there
Is a mutual agreement between the farmers and etia River Authority who are the
owners of the land to keep the area under the tégkion pole clear and free of
weeds. At the Marine drive and Cantonments siteeetis a permanent maintenance
and cultivation agreement. These lands were ihjitiehrmarked for the Parks and
Gardens for landscaping and the beautificatiomefdity but have since been handed
over to the farmers. No permanent tree is to beveid in these areas. At the Korle
Bu farming site, this land belongs to the hospitéley have been given to the farmers
because the hospital authorities are not yet ré¢adgievelop the land yet. These
farmers could lose their land anytime at all. Té&t land tenure system operates at La
around the Trade Fair. On this site, there is m&bragreement between farmers and
the traditional owners. Farmers can farm on thsl lantil the land is finally disposed
off. Rent is paid in the form of cash or by shategpping.

The water mainly used for irrigation comes from thiains and streams or from pipe

borne water. Most of the farmers use the water filegrdrains and streams and do not
pay for its usage. The dangers associated witlhigkeof drain water had necessitated
the AMA to introduce pipe borne water in the farma®zorwulu and La. Farmers pay

a flat rate for this type of water irrespectivettod volume of water used.

As a result of the low fertility of soil in the gita lot of fertilizers is required in order
to bring the crops to the required yield. Table gh®dws the fertility of some of the
soils in the country. The Greater Accra of whichcicis part is among one of the
regions with the poorest soil condition.

In terms of fertilizer usage, the main types ofilizers that are used by the urban
farmers are: NPK15-15-15, Ammonia Sulphate, Ured buriate of Potash. Other
fertilizer such as poultry manure, cow dung and post is also in use. But among
most urban farmers the use of poultry manure isntost preferable as they are
affordable and effective in terms of food nutriefuts plants. The cost of a bag of 30-
35kg is 50 pesewas including transportation. Thailability of this manure is
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however a problem as there is not that many comalgooultry farmers in Accra.
This development has therefore led to most of #Hrenérs using a combination of
chemical fertilizer and the poultry manure.

Table 4-2 Average soil fertility status of someregions

Region Soil pH Organic Total Available P | Available
matter Nitrogen (mg/kg soil) | Ca
(%) (%) (mg/kg soil)
Ashanti 43-7.8 1.5-3.0 0.1-0.3 0.1-12.0 4-011.3
Brong 35-6.7 03-17 - 0.1-64.3 16 — 140
Ahafo

Greater 54-8.2 0.1.-1.7 0.05-0.9 0.1 -64.1 14 —47(
Accra

Northern 45-6.7 06-20 0.02-0.05 2.5-10.)045-90

Upper East| 5.1-6.8 1.1-25 0.06-0.14 1.8.814] 44152

Upper West| 6.0 -6.8 05-13 0.01-0.07 2.04-7.|52-152

Western 38-7.1 1.0-5.7 0.06 -54 04-1138-220

Source: Soil Research Institute (SRI) CSIR — Kumasi

Chemical fertilizers are expensive and the priceseaer on the increase. Appendix 3
shows the general prices of fertilizers in Gharntae NPK 15-15-15 cost GH¢ 45.00
for a 50kiogram bag whilst urea is GH¢39. The useampost have not however
caught on well with the farmers. This is becausthefpoor quality of the compost as
a result of the presence of broken bottles andrathdesirable materials in the mix.
Other factors is the heat build within the compesulting in the burning of the plant
as well as the high water demand that is normal$peiated with the use of compost.
Lastly, the high cost of the product (GH¢1.00/50ktpo discourages the use of this
product.

Processing and M arketing

The processing and marketing sector comprise mahlypw the products are sold.
Within the urban agricultural set up most of thenfgproducts such as the lettuce,
cabbage, ornamental flower and mushrooms are stie #&arm gate, in local markets
or at the supermarkets. Women are mostly involnetiis sector and they constitute a
very important group within the sector.

The small agro-processing area which is of keyrasieto the urban farming sector is
the home base processing which involves the doggbfnmaize and cassava, the
roasting and frying of fish, plantain and yam adlae the brewing of cereal based
local drinks. These activities are normally undegtaon small scale basis and once
again women are the main entrepreneurs in thisisect

44. Conclusion

» According to the 2000 population and housing centhgspopulation of Accra
is about 1.6million however the functional popuwatiis between 3.0 —
3.4million people. The annual population growtheraxtends from 3.4%
within the city centre extending up to 9.4% in gezi urban settings.

* Public toilets are a predominate feature in thg ai& close to a third of the
population use this type of toilet
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Waste management in the city is generally poorltieguin the pollution of
the water bodies and periodic flooding wheneveiits.

Urban farming is vibrant in Accra but the main irdpeent is the high cost of
mineral fertilizers and the unavailability of a tsilile substitute.
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5. CLOSING THE LOOP

5.1. Background of Ecological Sanitation

The problems of urbanization in Accra include foscarcity and environmental

pollution. Food scarcity has been partly brougltudtas a result of the breaking up of
the link between the rural and the urban centrdscfwhitherto were the bread basket
of the urban centres). The urban farmer who wapasgd to step into this gap has
also not been able to do so fully as a result efuhavailability and the high cost of
agricultural inputs such as fertilizers. Meanwhite city continues to suffer from

severe environmental degradation as a result outtseistainable manner in which
municipal waste is dispose off.

Ecological sanitation has the potential of solvihgs problem by closing the loop
between sanitation and agriculture. This systetyased is on the fact that sanitation
problems could be solved more sustainably andieffity if the resources contained
in excreta and wastewater were recovered and wbdrrthan discharged into the
water bodies and the surrounding environment. lthexrefore a new paradigm in
wastewater treatment which intends to shift theraggh from a centralised mixed
system to a decentralized system based on sounteokand separate treatment of
concentrated and diluted household wastewater f(@mstch, 2006).

The advantages envisage by ecological sanitationgdh) include: the improvement
of health. This is done by minimising the introdant of pathogens from human
excrement into the water cycle. Another advantagasaged is the promotion of
recycling by the safe and hygienic recovery of ieatis, organic matters, trace
elements, water and energy for reuse. Others aredhservation of resources, by the
lower water consumption as well as the substitutitdnchemical fertilizers and
minimisation of water pollution. Finally Ecosan gbntribute to the preservation of
soil fertility and improvement of agricultural pnectivity and hence contribute to
food security (GTZ, 2005).

The sanitation practices promoted and practice ytoddich is known as the

conventional system are either based on hiding huemareta in deep pits or flushing
them away in sewer networks that discharge the emader, either treated or
untreated into surface water. Both systems havesaamier severe criticism of late.
For not only are they linear in character but théso present a typical end-of-pipe
solution Furthermore they are economically and ecologicaltgustainable as they
pollute surface and ground water sources.

The drop-and-store system for instance is relativeimple and affordable to
construct. However it cannot be used in areas wheFepopulation is dense and
crowded as it requires the digging of a new pitrgdew years which is unavailable
in urban centres. It can also not be used on rgoynds and where the groundwater
level is high. The flush-and-discharge system oe thther hand requires large
amounts of water for flushing, an extensive netwofkpipe networks, and the
installation, operation and maintenance of a treatmsystem. The system is
expensive and unaffordable for many of the munliipa particularly in the
developing world. According to Winbald & Simpsoniéét, 2004 over a year for
each person, some 400-500 litres of urine and tb€sliof faeces are flushed away
with 15,000 litres of pure water. Water from batiichen and laundry may add up to
another 15,000-30,000 litres for each person. Eurtlown the pipe, rainwater from
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streets and rooftops and wastewater from indusane®ften added. Thus at each step
in the flush-and-discharge process the problemaignified.

It is obvious that both systems of sanitation weased on the old agenda of the 1970s
and 80 which sort to design sanitation systems fustatisfy the requirements of
public health. However in the face of the currerttam challenge there is the need to
change this approach to one which see this wastewata resource in this new era of
sustainable development..

5.2. Constituents of Household Wastewater .

Waste water is defined as any water that has bdearsely affected in quality by
anthropogenic influence. It comprises the liquidsteadischarged from domestic
residences, commercial properties, industries, agretulture. They might contain a
wide range of potential contaminants and concedatrat Table 5.1 shows the
wastewater stream from the household. It consisthe grey water and the black
water (which is a combination of the brown andyblow water) as well as the white
water.

Table5-1 Definition of Wastewater Fractions in Houselsol

Wastewater Fraction Description

Grey water Washing water from kitchen, shower, wasin and laundry

Black water Toilet wastewater (urine, faeces, toilet papemugéd and put
in the bowl) and flush water)

Yellow water Urine with or without flush water

Brown water Faeces, toilet paper (if used and put in the ba@mll flush
water

Source: Gajurel & Wendland, 2007

On average a normal human being discharges 58 ltirdeaces, 500litres of urine
and produces between 25,000 -100,000 litres of giagr every year. The nutrients
produced from this wastewater are on average abdlty of nitrogen, 0.6kg of
phosphorous and 1kg of potassium (Otterpohl, 200gure 5.1 and table 5.2 shows
the constituents of the household waste waterrmatréaine by far contains the most
essential nutrients accounting for 87% of the g 50% of the phosphorous and
54% of the potassium. It also makes up less tha% @f the household wastewater
and is virtually pure. Grey water also constitufes bulk of the waste water carries
very little pathogen and can easily be treated rande for many domestic purposes
such as toilet flushing and irrigation. Feacesyigdn the fraction that contains most of
the pathogens in the wastewater but also contaila$ @f organic matter which is
useful as a soil conditioner (Jénsson et al. 2000)
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Figure5-1 Constituents of Household Wastewater (Source: Hujl2001)

Table5-2 Approximate Composition of the dry weight e&tes and Urine

Approximate composition

(percentage of dry weight)
Constituents

Feaces Urine
Calcium (CaO) 4.5 4.5-6.0
Carbon 44-55 11-17
Nitrogen 5.0-7.0 15-19
Organic Matter 88-97 65-85
Phosphorous@®s) 3.8-5.4 2.5-5.0
Potassium(KO 1.0-2.5 3.0-4.5

Source: Feachem, 1983

What this means is that if these flows are sepdratel collected; the wastewater
from the household can supply fertilizer from uriseil conditioners from feaces and
irrigation water from the grey water. This will selmost of the input problems of the
urban farmer.

5.3. UrineHarvesting

Urine constitutes less than 0.5 % of total domestastewater, and yet it plays a
major role for water pollution control (Larsen aridenert, 2003).Winblad &
Simpson-Hébert (2004) confirm that urine contaiméyca few disease-producing
organisms, while faeces may contain many. Additignarine contains most of the
soluble nutrients in domestic waste water. Greyewalespite its very large volume
contains only a small amount of nutrients whilstdas, which is about 10 times
smaller in volume than urine although also contajmutrients has the largest part of
pathogens (Gajurel & Wendland 2007). It thereforakes sense to separate and
harvest the urine if the sole purpose is for figdiion
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There are quite a number of ways in which urindc¢te harvested. Like the Ecosan
concept, a whole variety of systems are availalie system may range from a low
cost-low technological system to a high cost-sdpiated one. Urine might either be
harvested from a no-mix toilet or from a stand-aloninal.

In a no-mix toilet, the special feature in thesiets is a specially designed pedestal
which makes it possible for the urine to be diveré® source so that it is not mixed
with the faeces. Figure 5.2 shows a urine divertaigt of a high cost-sophisticated
type. In these toilets there is either a sepalashihng mechanism for the urine and
faeces or the flush water rinses both bowls. Theeuis usually collected in tanks
which are placed underground or in a basement utidehouse. Figure 5.3 also
shows a special tank meant for urine collectiorthat Valley View University in
Ghana.

Figure 5-2 Urine diverting toilet at Valley View Univerngit

Figure 5-3: Urine Collection Tank at Valley View Univeysiccra, Ghana.
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Cheaper methods of urine harvesting are also gessiigure 5.4 and 5.5 shows the
method used in harvesting in some developing camtFigure 5.4 shows a type
available with a squatting bowl using minimal waderit is a pour flush type whilst
figure 5.5 shows one that is currently used in Bd\itica for dry toilets
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Figure 5-4 Harvesting of urine using a squatting closeta@net, 2003)
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Figure5-5 Urine harvestingom a dry toilet (Mnkeni and Austin, 2004).
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There is also a wide variety of standalone urinlictv could be adopted for the
purpose of urine harvesting. Figure 5.6 shows amgie of a waterless urinal at the
Valley View University. These urinals have receriben introduced into the market
and are ideal for situations without reliable wasepply and also in public places
where people use the toilet more for urinating thandefecation. The urinal have
special valves which seal off the content of thektdrom the urinal itself and
therefore produces no smell as compared to thétitnaal type. The advantage of
harvesting urine from this source is that thereagisk of pathogenic contaminations
from the cross contamination of the feaces pasdrcinl areas where anal washing is
practice. A further advantage is also that menfrae to stand and urinate unlike the
previous instance where they have to sit. Otheedypould be adapted for use by
women.

Figure5-6 Waterless urinal at Valley View University

5.4. Fertilizing Value of Urine

Diet influences the volume of faeces a person palis according to the digestibility
of the food whilst the amount of urine dependstmntemperature and humidity. For
this reason, the volume of feaces and urine pratllbgean individual varies from
region to region and depend on factors such asat#iyithe age of a person, their
water consumption, diet, and occupation (NWP, 2086kragely, a person excretes
about 500 litres of urine in a year which is tends the volume of the faeces. Urine
contains mostly water, 93-96%, and the dry solidbams to some 18-25 kg per
person per year. Human wet faeces on the other banicin a large proportion of
water (70—-85%) and weigh 50-180 kg depending ol fotake. The solid part is
mainly organic material, including micro-organis(bsangert, 1998).

Mass balance exists over the human body also &t plutrients. This means that the
flow of nutrients within the urine and also the centration of nutrients in the urine
varies with diet and therefore varies between ammtand individuals. Table 5.3

shows the concentrations of nutrients in urine m&sg 1.5 litres of urine per person
per day from different countries around the globe.Ghana preliminary results

obtained from the Valley View University indicatasnutrient content of 2650mg/I

NH;'N, 200mg/l RO4-P and 830mg/I K ( Fries, 2006).
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Table5-3 Excretion of Nitrogen, Phosphorous and Potasaiuurine from different
parts of the world

Nitrogen Phosphorous Potassium
(kg/person, year ) (kg/person, year) (kg/person, year)

Sweden 4.0 0.37 0.9

Kenya 2.1 0.23 0.8

China 3.5 0.4 1.3

Haiti 1.9 0.2 0.9

India 2.3 0.3 1.1

South Africa 3.0 0.3 1.2

Uganda 2.2 0.3 1.0

Source: Jonsson & Vinneras, 2004

Nutrients present in human urine is mainly sodiumoide (NaCl) and urea [CO
(NHy),] although urine also contains other nutrients sashpotassium, calcium
sulphate and phosphorus (Lind et. al 2001). Intergly, these nutrients so excreted
in the urine are in ideal forms for uptake by ptarih freshly excreted urine; nitrogen
is in the form of urea which readily degrades taramia. In the process the pH is
raised from between 4.8 — 7.5 to around 9. Thixgs® sanitises the urine. The
ammonia is later nitrified to nitrate in the sdthosphorus is also present in the urine
as phosphate ions, whilst potassium exists as giatason and sulphate as sulphate
ions. This makes urine a unique biologic fertilizEBurthermore, the nutrient balance
and content of the urine well reflects what thepsrbave removed from the fields and
thus the average need of fertilisation. This mehasthe nutrient content and balance
of the urine is similar to that of the consumeddi@gbl6glund, 2001).

The use of human urine as a fertilizer is stillitatinitial stages of investigation.
Nevertheless, results from studies conducted sméacates that it is comparable to
fertilizers such as animal urine mineral fertilgefable 5.4 shows the relationship
between human excreta (with urine containing mdsthe nutrients) and some
manure such as: plant matter, pig, sheep, poatid/cow manures. Human excreta
contain the largest nitrogen as well as the phaspisocontent and have comparable
potassium content although not as high as thataoit pnanure. Urine is also a quick-
acting fertilizer and its effect can be comparethvahemical fertilizers with a high
mineral content. Furthermore, the relationship leenv the content of nitrogen,
phosphorus and potassium is well-balanced and la®responds to the need of
cereal crops if the dosage is appropriate. It atsatains very low levels of heavy
metals.

Table5-4 Comparison of human excreta with other orgésmdizers (figures from
Ghana in brackets)

Percentage of nutrient by of dry solids
Type of Manure N P,O: K,0
Human excreta 9-12 3.8 2.7
Plant matter 1-11 0.5-2.8 1.1-11
Pig manure 4-6 3-4 2.5-3
Cow manure 25(1.2) 1.8(0.17) 1.4(0.11)
Sheep (1.55) (0.31) (0.15)
Poultry (2.2) (1.8) (1.2)

Source: Strauss (1985) & SRI - CSIR, 1997
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Figure 5.7 to 5-9 show some experiments that warged out on spring barleys in
Sweden using human urine for fertilization and régob by Johansson, 2000he
trials were carried out in 1997, 1998 and 1999. lad revealed that spring barley
yields in 1997 on plots fertilized with human uriamounted to about 80% of those
on plots fertilized with mineral fertilizer. The slage was 100 kg of nitrogen per
hectare for human urine and a dose of 90 kg peafretor mineral fertilizer nitrogen
for the same hectare.
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Figure5-7: Barley yields in plots fertilized with human uriaed fertilizer in 1997

The weather in 1998 caused high nitrogen minertzan the soil. The effect of
mineralization was greater than the effects ofilieation. In that year the yield in
plots fertilized with human urine was greater tharthose fertilized with mineral
fertilizer, but the difference was small since ¥ield was mainly determined by other
factors. In 1999, the yield resulting from a do$almout 80 kg nitrogen/ha of human
urine corresponded to 85% of that in plots feritizvith 90 kg of mineral fertilizer/ha
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Figure 5-8: Barley yields in plots fertilized with human urinedafertilizer in 1998.
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Figure 5-9: Barley yields in plots fertilized with human uriaed fertilizer in 1999.

Winblad & Simpson-Hébert (2004) also report thatiseries of experiments carried
out in Harare, Zimbabwe, during 2002, it was shdhet by adding the 3:1 water:
urine mix to vegetables planted in 10-litre contamthree times per week, with all
other irrigation carried out with water alone, sgh yield was increased up to 6
times, covo yield 1.5 — 4 times, lettuce yield wiasibled and the weight of tomatoes
increased up to 3.6 times compared with similantslagrown in similar soil and

similar containers, but irrigated with water onl/shown in Table 5. 5.

Table5-5 : Plant trials with urine for various crops

Plant and  growth | Weight at cropping Weight at cropping

period (water application only) | (3:1 water: urine application 3 x week)
grams wet weight grams wet weight

Lettuce — 30 days 230 500

Lettuce — 33 days 120 345

Spinach — 30 days 52 350

Covo* — 8 weeks 135 545

Tomato — 4 months 1680 6084

Source: Winblad & Simpson-Hébert (2004)

Sundin (1997) also compared the yields of Swissccfextilized with urine and those
without urine. She discovered an average yield .8tirBes higher yield in those
fertilized with urine as compared to those without.

Figure 5.10 also shows some demonstration tridvtleae done on maize. This shows
a substantial increase in the weight of the masztha amount of urine fertilizer was
increased. Whilst the maize which was in the cdleiogroup just weighed 63g, the
one fertilized with 750ml of urine weighed 406g ahé one with 1750ml of urine
weighed 954g.
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Figure 5-10 Maize fertilized with urineSpurce: Morgan, 2005)

Table 5.6 also shows the results of crop yield odeaonstration program on
ECOSAN (ecological sanitation) in seven West Afniceountries. CREPA is the
organization in charge of this. In this case, phospus and potassium were added to
support the deficiency of this nutrients in urimbe demonstrations showed that crops
fertilized with hygienise urine and faeces oftervegga higher yield during a longer
harvest period than crops fertilized with chemiN&K fertilizer

Table5-6: Crop yield from crops fertilized with urine esmpared to mineral
fertilizers

Country Burkina Burkina Burkina Togo Togo Burkina  rife
Reference Harvest: 28 1,7 2,1 6,8 191 23 2,4
plot Ton/ha

NPK + Harvest: 171 2.6 5,8 13,3 31,0 4,1 3,5
Urea Ton/ha

PK + Harvest g 23 52 15,7 320 38 3,6
Urine Ton/ha

Source: Urban Agriculture Magazine # 19 (forthcogiin

From the above, it could be seen that urine haspacable fertilizing qualities as
chemical fertilizers. Also the increase in croplgiwith crops fertilized with urine is
between 2 to 6times higher than those without lizstion. When using urine
however it must be borne in mind that ammonia atrdte which are present in urine
are both toxic to plants. It is therefore appragritgo apply it a few days before
seeding. However if it is required to be applieian, then care should be taken not
to apply it directly on the plant as the ammoniateat of the urine might burn them.
It should also not be applied on the root so agtadhem soaked as the plant will also
die during the few days that the fertilizer is dable as nitrate. The recommended
method is to apply it a small distance away from pant but still close enough to
allow the roots of the plant to reach it.
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5.5. Health Implications of Urine Usage:

Urine in itself presents virtually no risk of infean. However, it can be contaminated
by pathogens present in faeces (Johansson, 200@8. i3 particularly in urine
diverting toilets and also in places where anaking is practiced. In a healthy
individual the urine is sterile in the bladder. Wh&ansported out of the body
however different types of infections might be gidkup.

The pathogens traditionally known to be excretedrine are: Leptospira interrogans,
Salmonella typhi, Salmonella paratyphi and Sch@tws haematobium. Leptospirosis
is a bacterial infection causing influenza-like $toms and is in general transmitted
by urine from infected animals and not human being§almonella typhi and
Salmonella paratyphi only cause excretion in udneing the phase of typhoid and
paratyphoid fevers when bacteria are disseminateitie blood; however urine-oral
transmission is probably unusual compared to faeedl transmission.
Schistosomiasis, or bilharziasis, is one of theomhyman parasitic infections mainly
occurring in Africa. These eggs are excreted imeayriduring the whole life of the
host. The eggs hatch in the environment and thedaimfect specific aquatic snalil
species, living in fresh water. After a series e/elopmental stages aquatic larvae
emerge from the snail, ready to infect humans thinopenetration of the skin.
(Feachem et.al, 1983). Sexual transmitted pathogeight also be occasionally
excreted in the urine of persons infested but theaivival outside the body is not of a
public health concern. Table 5.7 shows some ofptithogens that are excreted in
urine and the importance of urine as a transmissooite. It could be seen that the
transmission of urinary excreted pathogen is ofitéch concern environmentally.
Even in instances of Schistosoma haematobium § becomes ineffective when
there is an intermediate snail host.

Table5-7: Pathogens that might be excreted in Urinethadmportance of urine as a
Transmission route.

Pathogen Urineasatransmission route Importance

Leptospira interrogans Usually through animal urine | Probably low

Salmonella typhi and Probably unusual; excreted in | Low compared with other

Salmonella paratyphi Excreted in systemic infection | transmission route

Schistosoma haematobium Not directly, but indirectly, Needs to be considered |n

(eggs excreted) Larvae infect human in freshendemic areas where the
water snail intermediate host afe

present
Mycobacterium Unusual, usually air borne Low
Viruses: cytomegalovirug, Not normally recognized. OtherProbably low

polyomavirusis, JCV, BKV, than single cases for hepatitis |A
adenovirus, hepatitis virus andand suggested for Hepatitis B.

others More

Information needed.
Microsporidia Incriminated but not confirmed Low
Sexually transmitted pathogens No. Do not survaresfgnificant| Insignificant

period outside the body.

Urinary tract infection No. No direct environmentalow to insignificant
transmission

Source: WHO, 2006

The greater concern therefore lies in the feacalssrcontamination. Storage
eliminates or reduces the number of pathogensamtime. The reduction is greater if
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the urine is stored for a long time, at high terapae, with a high concentration of
nitrogen and a high pH level in the solution.

Table 5.8 shows the new World Health Organisatimmdards for the safe use of
urine. A storage time of 6 month at a temperatdr@08C will make urine safe for
application even in food crops. The time it takes fhe actual elimination of
pathogens however depends on the original quaanfitpathogens and on storage
conditions. Storing at a higher temperature incakes significantly decreases the
number of pathogens in the urine. Depending ortyibe of crop to be fertilized, urine
can be stored between periods of 1 to 6 monthstenperature of between 4-20°C.
Furthermore, when urine concentrated a faster fliefgpathogens is ensured as the
environment then becomes too harsh for them toiainAgain, for urine that is
highly contaminated a longer storage period anilaehn temperature is required than
urine that is for instance harvested from the hbakklevel. For this reason it is
normally not recommended to harvest urine in plasdere the excretion of
pathogens and medicines is known to be higher tioamal in the population. In the
storage process also, urine should be stored araght container to prevent humans
and animals from being exposed to the urine, togedhe level of odour and also to
prevent the loss of plant available nitrogen

During application, steps should be taken to redhegormation of aerosols and the
exposure of the farmer. Aerosol formation can lskiced by applying the urine close
to the ground and harrowing soon after applicatioby the addition of water. Food
crops should not be fertilized with urine for aipdrof one month prior to harvesting
(Johansson, 2000). Additionally, farmers shouldvggaves and thorough wash their
hands after using urine.

Table5-8: The relationship between storage condititms pathogen content of the
urine mixture and recommendations for crops indagystems (a)

Storage Temp | Storage Presence of pathogens | Recommended Crops
Period In theurine Mixture
(b)

4°C >1 month Viruses, protozoa Forage and food crops that
are to be processed

4°C > 6 months Viruses Food crops that are to be
processed, forage crops (c)

20°C > 1 month Viruses Food crops that are to be
processed, forage crops (c)

20°C > 6 months Probably none All crops (d)

(a) “Larger systems” in this case means that hummane is used to fertilize crops that are

consumed by persons other than the members obtisehold where the urine is collected.

b) Gram-positive and sporulating bacteria are nciuded.

¢) Except grassland for the production of animatfe

d) In the case of food crops consumed raw it ismeoended that fertilization with urine be

discontinued at least one month prior to harvestimg) that the urine is incorporated into t‘he
soil.

Source: WHO, 2006
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5.6.

Conclusions:

Urine could be harvested either from the toiletsri®ans of urine diversion
toilets or from stand alone urinals.

The increase in crop yield for crops fertilized twitrine is between 2 to 6
times higher than crops not fertilized at all batnparable to crops fertilized
with chemical fertilizers

In terms of health aspects, urine is comparatigafe. The storage is a low

cost effective treatment which achieves pathogeroffithereby rendering
urine safe for application on crops.
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6. REQUIRED INFRASTRUCTURE, LOGISTICSAND FINANCIAL
IMPLICATIONS OF URINE HARVESTING AND USE

6.1. Potential for Urine Harvesting in Accra

The potential for urine harvesting in Accra is vaigh. This is due to the population
of the city and also the high number of people wke the public toilet. Table 6.1
shows the estimated population of the city basether2000 population and housing
census which gave the city’s population as 1.6amllwith an annual population
growth of 3.6%. As at 2008 the population is estedaat 2.123 million excluding the
commuting population.

Table6-1 Projected Population of Accra from 2001-2010

Year | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
Pop. | 1.6 | 1.6576 1.717| 1.779| 1.843| 1.909| 1.978| 2.049| 2.123| 2.200
(mil.)

Table 6.2 also shows the potential nutrients whigbld be harvested at the public
toilets in Accra. The estimated amount of urinebt collected from these public

toilets is based on the third of the population wise this facility (707, 937 people).
Averagely an individual excretes 500litres of urenegear. This amounts to 354,663
m® a year. This is equivalent to 1064 tons of nitrggé0.93 tons of phosphorous and
294.4 tons of potassium. Currently these volumesnofrients enter into the

environment untreated causing environmental degiadat the expense of urban
agriculture.

Table6-2 Potential Nutrients to be harvested from Rutdlilets

Current No using | Potential Nitrogen Phosphorous | Potassium
Population | public urine to be | Content Content Content
toilets harvested (Tons) (Tons) (Tons)
for the year
(m)
2,123,000 709,327 354,663.5 1064 70.93 294.4

Table 6.3 on the other hand also shows the featillemand for urban agriculture in
the city of Accra. Whilst 978ha of land is undetiae cultivation, most of these lands
are under rain-fed maize or maize-mixed systemthisdhardly get any fertilizer in
the city. In fact it is only vegetables which reeeintensive fertilization. Currently
the area under vegetable cultivation is only 10@iauobie et.al.2006). Given that the
fertilizer required per hectare per year is 70kgridrogen, 50kg for phosphorous and
50kg for potassium then the total fertilizer reqdirfor the city is 7tons for nitrogen, 7
tons for phosphorous and another 7 tons for patasdi therefore follows that if all
the urine from the public toilets is harvested @vhfrom Table 6.2 is 1064 tons of
nitrogen, 70.93 tons of phosphorous and 294.4 adnsotassium) it will be far in
excess of what is required for urban agricultur@agra.
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Table6-3: Fertilizer demand for urban agriculture in A&c

Fertilizer type N P K

Fertilizer demand (kg/halyr) 70| 50[ 50
Area under vegetable cultivation (hap0 | 100 | 100
Total Required (kg) 7000 | 5000 | 5000

Source: Tettenborn et al 2008 (modified)

In fact Cofie et al (unpublished) recently coneuacbut a study on some 20 public
urinals within the Central Business District. Thilstrict mainly contains the
commuter population with a lot of business entegsiaround. The urinals are
privately owned and the franchise to operate theag given by the WMD of the
AMA in line with its privatization policy. The maipurpose behind the mounting of
these urinals was to alleviate the difficulties pleowere facing when they want to
urinate in the CBD.

Figure 6.1 shows a typical urinal in the CBD. Thaseals have attendants attached
to them who clean the facility and also collectruees of between 5 pesewas to 10
pesewas per usage. The initial agreement betweenWMD and the urinal
entrepreneur was that the entrepreneur was to, staresport and dispose the urine
collected from these urinals into one of the sayitaites of the WMD. But
unfortunately this is not the case anymore ashallurine are now led into either the
central sewer or the open drains which eventuatiseip at the Korle Lagoon.

Figure 6-1: A typical stand alone urinal in the City of&a.
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There are four main types of urinals within the a&nBusiness District. The first
type is the cast iron urinal. These units have atewconnection and are used strictly
for urine excretion. Figure 6.2 shows an exampléhaf type of urinal the men are
required to stand and urinate whilst the women vditlst urinating. It is the
commonest type of urinal within the city. The setdgpe is the concrete double
urinal units. This also has no water connectioniangsed strictly for urine excretion.
The third type is the concrete multi seater watesat units with a water connection
but no running water. They are used strictly fan@rexcretion, but can handle faecal
excretion when there is running water. The lasé tigothe concrete multi seater water

closet units with a water connection and water ri@se used for both urine and
faecal excretion

a) Male Urinal b) Female Urinal

Figure6-2 Typical urinal in Accra

During the study and from the data generated frdatténdants it was estimated that

up to 7264 litres of urine could be generated ohag. This amounts to 2.65 million
litres a year.

Figure 6.3 shows the yield of urine generated @ flom the study area. Urinal
KTSS which is located on the Kojo Thompson Roadldiged the largest urine
generation rate of 1104 I/day whilst the MMTS ahd TIA which are located at the
Metro Mass transit Station and the Tema Statiopeetsvely generated the minimum
of 120 l/day. In terms of nutrients, the volume mifrogen, phosphorous and
potassium that could be obtained per year is 7d6,t0.53 tons and 2.2 tons
respectively. This is equivalent to 114%, 11% a#%4f the nitrogen, potassium and
phosphorous requirement for urban agriculture inrAc
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Figure6-3 Urine Generation rate within the CBD (Sourcefi€et. al- unpublished)

6.2. Infrastructurerequired for Source Separation and Application of Urine

Figure 6.4 shows the infrastructure required to enakine harvesting and its
application on the field possible. At the urinaldeé some infrastructural works need
to be done to re-route the urine into a holdingktarhich should preferable be
underground.

Pipes need to be laid from the urinal to undergdohalding tanks which will store
the urine. These tanks should be airtight in otdgsrevent the contact of urine with
oxygen. This will ensure the retention of plant ilakde nitrogen as well as the
reduction of odour. Plastic tanks are best suitedHis purpose. These tanks should
also be fitted with an adaptor to make suction fpbssAn overflow should be fitted
to the tank so that in the case of emergenciesjrihe will flow into the drain.

When these tanks are full, trucks are requiredriptg their contents and take them to
a storage point or a disposal point whatever thse qaight be. Although urine is

relatively pure it requires some period of storemachieve pathogen die-off prior to
application on the farm. The storage site coulctihe farm or at one of the sanitary
sites of the WMD. Currently there are no entrepoesén the transportation of urine.

This means that a new entrepreneur must be soliths isystem is to be practiced.
The use of the suction trucks used by the sept& t@perators lead the feacal
contamination of the urine and therefore the iniaithn of pathogens in the urine
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Figure 6-4 Infrastructure required for urine harvestingdhapplication

As stipulated under the agreement between the VéltDthe urinal operators; urinal
operators should construct their own tanks. Therdddetropolitan Assembly must
however be relied upon to implement this directidditionally, the conveying of
transportation of the urine to the collection poistalso the responsibility of the
entrepreneur. . Appendix 1 shows how often a urir@tling tank will have to be
dislodged. This is based on the rate of currengeissend the projected increase in
population of the city. It ranges from an averagéd.s times a month to 7.6 times a
month. Appendix 2 also shows the cost of constngcé holding tank and installing
an 8000 litre plastic tank for urinal collection.

This will mean that for urine harvesting to becopassible an estimated amount of
GH¢2,977.88 is required over and above the cuwesit of installing a normal urinal
as well as a monthly operational cost of dislodgiagging between GH¢82.50 and
GH¢418. Urinal entrepreneurs will not be preparedear this cost and therefore
there must be a policy to ensure that this is done.

At the storage point, tanks are also required tsmbanted on the farms to receive the
urine prior to their usage. A minimum of two tankil be required for this exercise.
An 8500 litre capacity tank will cost GH¢988.00.€eTtwo tanks with other plumbing
installation will cost GH¢2000. This investment masme from the farmer and it is a
onetime investment.
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6.3. Comparative cost Analysis

Table 6.4 shows the comparative cost analysis wigig the urine to the site in
comparison to other known fertilizer sources sushpaultry manure and chemical
fertilizer. The calculation is based on the nitnogentents of the fertilizers only.

The urea that is sold by Dizengoff (Ghana) Limiteoihtains 46% of nitrogen.
Currently it costs GH¢39 (appendix 3). A bag of c&ein manure contains
approximately the same amount of nitrogen as uieagm, 2000). Chicken manure
is delivered in bags weighing between 30kg and 33kapy are brought to the site
and sold to the farmers there and therefore regjniogransportation. The cost per bag
is GH¢ 0.50. Approximately, 33 bags of this will keaup one tonne and therefore
equivalent to a bag of urea

Almost all the urinals in the CBD are waterless #émerefore the urine produced is
concentrated. The nitrogen content is approximad&§0 mg/litre. This means that
7500 litres of urine is required to equal 1 baguoda and consequently a tonne of
poultry manure. Currently there is no entreprenegurthe urine transportation
business. Suction trucks of 7500litres operatedhlseptic tank emptier charge an
amount of GH¢55 for services within Accra.

Table6-4 Comparative cost analysis for urea, poultry unarmnd urine (Based on
nitrogen components only).

Item | Description Qty Unit Transportation Total Infrastructure
Cost to Site Cost requirement
(GH¢) | (GH(¢) (GH¢) | onsite
1 Urea (46%N) |50kg | 39.00 | 5.00 44.00 | A covered
and secured
shed
Poultry 33 0.50 - 16.50 Can be left
manuré bags the open
3 Urine’ 7.5m3 - 55.00 55.00 Tanks are
required to
be bought
and mounted
on farms

146% N in Urea = 46/100 x 50kg = 23kg

Poultry manure= 50kg urea is app. 1 ton of pouttgnure. This are also sold in sack
of 30-35kg. Including the cost of transportatiorsite it sells for GH¢0.50.

3Concentration of N in Urine is 3 g/l. For a 75@6el truck concentration is 3g /I X
7500 | = 22.5kg which equals approximately 23kgagén.

General comments: Both poultry manure and urinéagomther nutrients such as
phosphorous and potassium which are not in ureavaich were not taken into
consideration for this calculation.
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6.4.

Conclusions

Every year an enormous amount of nutrients is seléanto the environment
untreated. The greatest point of discharge is thgi@ toilets. If urine is

collected and harvested at source, it could provaemore than the city
demand of nutrients for urban agriculture.

The volume of urine from the stand alone urinalsh@ CBD can supply all
more that the nitrogen requirement of urban agiicelin Accra as well as a
substantial part of the phosphorous and potassium

Urine harvesting and application will however requa substantial initial
capital cost for purchase of tanks and construaifdmolding tanks.

There is no entrepreneur currently engaged in thaeutransportation
business. But engaging a suction tank operatechéyséptic tank emptying
companies will cost GHC55 for the conveying of @3ires of urine to the
farm

The nitrogen value of urine produced in Accra isaBgs/litre. 7500 litres of
urine is therefore equivalent to 1 bag of urea aridnne of poultry manure.
Comparatively urine is by far the most expensivergst all the three.

Given that the increase in crop yield is similar &l these types of fertilizers,
urine is not competitive at the moment. Howevemeiurshould also not be
allowed to enter the environment untreated as thély pose substantial
environmental damages such as eutrophication akttedving water bodies..
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7. NETWORKS, CO-OPERATION AND TRANSITION

7.1. I ntroduction

This chapter will mainly be focused on my analysisthe finding of those who |
believe are in the socio-technical regime of thisteyg system as well as those who
will make up my potential candidates for the neansitional arena.

Currently the regimes existing are the actors wwdlin the urban agricultural sector
(who are directly involved in urban agriculture)datinose in the wastewater sector
(who are to be brought in to close the loop). Theemy list of actors (although, not

meant to be exhaustive) covers all the relevamirsact

The study will therefore begin by first analysirng troles of each of the actors. Their
activities and interest in the social technicalimegwill also be observed and finally
their perception of the new arena will then be g@d. From this a network of

potential members within the new arena will therbbi.

7.2.  Actorsinvolved in Urban Agriculture

A regime refers to the cognitive, social and tecahrule sets that are embodied in
practices, artefacts and organization (van VIieég@b). These rule sets are carried out
by a heterogeneous network of actors. Within thmnragricultural sector the actors
could be classified as direct stakeholders (thoke are directly involved in urban
agriculture) and indirect stakeholders (those wlaveh some interest in urban
agriculture but are not directly involved). Theyut still furthermore be classified
into the following groupings:
* Government actors: These are mainly involved inicgoformulation and
implementation.
* Local associations: such as the farmers, marketemoand consumers who
are involved in production, selling and consumptiémirban farm products.
* Research institutions: who are engaged in knowledgeelopment and
transfer in the field of urban sanitation and agtiae.
* Non-Governmental and other organizations: who haeently taken up an
interest in the activities of the urban poor andsemuently the urban farmer.

7.2.1. Government Institutions
Government institutions who are involved in urbani@ulture are normally required
to formulate policies and ensure that such polieiescomplied with. In view of the
recent decentralization policy which seeks to bgogernance to the doorsteps of the
masses, most of these agencies have offices atdtrepolitan level.

Department of Food and Agriculture (Ministry of Fband Agriculture)

The decentralization process in 1997 saw the mefgle departments of Veterinary
Services, Crops services, Extension, FisheriespnAhProduction, Plant Protection
and Regulatory Services & Agricultural Engineerirgpming together to form the
new umbrella organization of the District Agriautl Development Unit (DADU).

This development has facilitated grassroots padian in the implementation of
agricultural policies and programmes. The departnteas the mandate for all
agricultural activities within the city and is aryeimportant stakeholder in urban
agriculture.
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Metropolitan Planning Coordinating Unit:

This department, also known as the District PlagnCoordinating Unit (DPCU),
serves as a Secretariat to the Metropolitan Plgn#athority. It advises on the
planning, programming, monitoring, evaluation amdrdination of all development
plans, policies, programmes and projects. Somts déinctions are: the collection and
preliminary analysis of data as well as the ratisation and harmonisation of
development policies. Others are the implementatibstrategies and programmes
and also the preparations of projects documenttmal direction. Furthermore, it is
responsible for the management of the integrategldpment planning process and
projects of the various sectoral departments. Tdreyresponsible for planning and
therefore have an interest in urban agriculturéghay have to plan it as part of the
city.

Metropolitan Environmental Health Unit:

This is an important department within the metrapolt protects, promotes and
safeguards public health. It is involved in eduzgtnd regulating the activities of the
urban farmer on the risk associated with theirvéte#s. It also advocates the use of
portable water to irrigate vegetable farms. Thedgulatory activities involves
enforcement of bye-laws and prosecution of offesdearticularly those who use
waste water in irrigation.

Town and Country Planning Department

The department is one of the decentralised depatsmnehich have been integrated
into the Assembly. It is involved in the collectjaollating and analysis of data on the
natural and human resources of the Metropolis.sltaiso responsible for the

identification of resources within the metropoliadathe determination of their

potential for commercial, industrial, housing, spart and other developmental
activities. It also co-ordinates diverse types @ks and developments of land
promoted by various departments and agencies oé@owent and private developers
to facilitate the achievement of the highest pdsesiheans of health efficiency and
order in the physical environment. It is resporesitar zoning of the metropolis and

directly has an influence in urban agriculture.

Ghana Export Promotion Council

The council is the public agency tasked with prangptGhana's non-traditional
products in international markets. The Council gdsavides private and government
parties with a range of market information and istiabl trade data services.
Exporters receive business advisory services, ptodavelopment assistance and
representation at major trade events. The GEPC pskdic organisation working
under the aegis of the Ministry of Trade and Indudt is of importance here as some
of the urban and peri-urban farmers produce foetport market.

7.2.2. Research Institutions

International Water Management Institute:

IWMI is a non-profit scientific research organipat supported by the Consultative
Group on International Agricultural Research (CG)A&hd about 30 other donors.
Their focus in West Africa ison poverty reduction and food security through
sustainable use of water and land resources ircudfynie and water needs. In
collaboration with the Resource Centre on Urbaniddgure and Food Security
(RUAF), it has launched a 4-year programme callediés farming for the future” in
Accra and other West African countries. The maim af the programme is to
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facilitate the integration of urban and peri-urbagriculture in the policies and
programmes at all levels of government.

Council for Scientific and Industrial Research -ig®ce and Technology Policy
Research Institute (CSIR-STEPRI).

The Science and Technology Policy Research Institua division of the Council for
Scientific and Industrial Research. It carries msearch and policy recommendations
on agriculture, medicine and environment amongdstrst It also in addition provides
research and support necessary for the formulamohimplementation of science and
technology policy that promotes innovations andat@eenabling environment for
sustainable development. It plays a key role in Resource Centre on Urban
Agriculture and Food Security-Cities farming for ethfuture (RUAF-CFF)
programmes in Accra and has capacity for trainimg) @dvisory services.

Valley View University

Valley View University was established in 1979 Wy tSeventh Day Adventist
Church. The university is located at Oyibi near r&cdt is the first private university
in Ghana. Programmes offered at the universityuthel Theology, Religious Studies,
Business Administration, Computer Science, InforamatTechnology, Education,
Development Studies and Nursing.

In 2003, the university started a pilot scale prbjen ecological farming. The
programme was initiated when the German Ecolodiwaliety adopted the VVU to
make it a case study and a model ecological camjthsfinancial sponsorship from
the German Ministry of Education. Since then, VVaktbeen engaged in the use of
urine as fertilizer to grow crops. The universityllects the urine through plastic
tanks, sterilize it and transport it to its farngs fertilize crops such as: sorghum,
maize, mangoes, cashew and moringa.

7.2.3. Local Associations
Farmers Group
There are about 800-1000 vegetable farmers scattiereughout the 7 urban farming
sites in Accra. In addition to this there are astderable number of households who
are also involved in backyard gardening.

Some of these farmers are organized into co-opesatiThe formation of such co-
operatives had been advocated by Ministry of Food Agriculture (MOFA) as a
means of enabling the farmers to have more bargaiand negotiating powers with
the authorities and other groups in the societydF2005). The farmers by the role
they play as providers of food in the urban centresthe main implementers in the
urban agricultural sector.

Consumers:

There is hardly any organized consumer protectigyartzation involved in food
safety issues: however PNDC Law 305 B sets oustiedards for food production
that is fit for the market. The agency in chargeh®f enforcement of this law is the
Food and Drugs Board.

The consumer is very important in the chain of ecto the urban agricultural set up
in that he is the final consumer of the crops #ratproduced from the urban farms.
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Traders Association:

The traders association in Ghana is mostly of tiiermal sector. These traders are
mainly the link between the urban farmer and coressmThey are mainly women
and are organised and powerful and often headeal Market Queen. They operate
either as wholesalers and retailers. Although treya very powerful group they lack
recognition and no particular attention is giventib@m during decision making
process. The Metropolitan Environment and Healtlt tém instances places so much
emphasis on the use of portable water by the farimetr have no such restriction for
the market women who can also play an importarg molthe safe handling of food
from the farm to the table.

Non-Governmental Organisations and other InternaioOrganisations:

A whole lot of NGOs are involved in agriculture bubst of them are focused in the
rural areas as they see agriculture to be a larges} activity. Of late a few of them

have begun to venture into the urban centres. laoraAthe Adventist Development
and Relief Agency and the Catholic Relief serviaes a few that can be mentioned.
They normally help in policy dialogue, networkingdatraining of the urban farmers.
Other organizations such as the Food and Agriallt@rganisation, Deutsche

Gesellschaft fur Technische Zusammenarbeit (GT4) Baople Dialogue are also
some of the important stakeholders within the urbgiculture framework.

Fertilizer Producers

Some major fertilizer companies are based in Gh&oane of these are Dizengoff
(Ghana) Limited, Weinco (Ghana) Limited, Chemicd &fara. In an attempt to reach
urban farmers they have repackaged their pesticades fertilizers into smaller
packages of 1 kilogramme each. Some of the festdion sale in the city include:
NPK-15,15,15; NPK-20,20,20, Urea-46%, Sulphate ohndonia, Dolomite, TSP,
MOP, 19,19,19+ME, MAP, Starter, Finisher, PotassiNitrate, Multi NPK, Multi
Rice NPK and organic fertilizers for mangoes ankepttropical crops. They also
guide growers on adopting latest industrial tecbgigls such as fertigation programs
and fast control programs.

The mentioned agricultural actors are heterogenaotle sense that they are guided
by certain principles and practices. For the loopbé closed therefore requires a
realignment of relationship and the breaking ugahe. Again closing the loop will
also require those within the regime of urban sdioih to join the scheme.
Fortunately, already some actors such as the TomrCauntry Planning Department,
the Metropolitan Environmental Health Unit and thWeetropolitan Planning and
Coordinating Unit all play a role within the urbsanitation framework.

7.3. Actorsinvolved in Urban Sanitation

The actors in this sector are those who will béedelupon to produce the much
needed nutrients. The organizations which havebeen mentioned previously and
which will be discussed here include the EnvirontaeRrotection Agency, Waste
Management Department, Metropolitan Works Departmand Environmental

Services Providers Association. These organizatim®ng others are the main
stakeholders in urban sanitation.

Environmental Protection Agency:

It is a national agency charge amongst other thiaggerform functions such as the

co-ordinating of the activities of all bodies thitconsiders appropriate for the
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purposes of controlling the generation, treatmstaage, transportation and disposal
of all forms of waste.

Waste Management Department of Accra Metropolitesefbly

The department handles issues related to sanitetidre metropolis. Amongst them
are liquid and solid waste disposal. It also masitand supervises the activities of
private contractors engaged by the assembly inl soid liquid waste management.
The operation of public toilets and urinals areedily under the jurisdiction of this
department in conjunction with the other sub-metiosline with its privatization
policy many of its activities have been privatizéthe operation of pubic toilets and
the collection of waste have fully been diversiftecprivate operators.

Metropolitan Works Department of Accra Metropolitassembly

This department works with the other departmentshef AMA such as the Waste
Management Department to develop and maintainitiasilsuch as markets and
sanitary structures. It also manages the assemidyided properties and the
designing of all building projects of the Assembly.

Other Organisations: Organisations such as ther&mwiental Services Providers
Association is an association of entrepreneursgedya the transportation of excreta
and solid waste. The association has around 45 e@miSome of them are
exclusively involved in excreta collection whilsthers are solid waste service
providers. There are some few who operate as lnpiidland solid waste operators.
Unfortunately there is no operator who is involviedthe transportation of urine.

Again, in line with the privatization programme da@he assembly, a lot of

entrepreneurs have arisen in the public toiletasetintil recently the focus was on
toilets but recently some entrepreneurs have erdarge the urinal sector who are
actively operating within the Central Business bist

7.4.  Perception among members of the socio-technical regimes

7.4.1. Official Stance

Actors within the socio-technical regimes all péreeof the new innovation
differently. Institutionally there is hardly any éyaw banning the use of wastewater
in urban agriculture in Accra. The only law whiduthes on this aspect is the Accra
Metropolitan Authority (Growing and sale of Cro@ye laws, 1995 section 2 under
the heading of watering and irrigation. This lawedfies that “No crop shall be
watered or irrigated by the effluent from a draianfi any premises or any surface
water from a drain which is fed by water from astrdrain”. Section 7 specifies the
penalty which is a fine of ¢100,000 (GH¢10) or &s@n term not exceeding three
months or both. The official explanation given bffiaials of the AMA for the
passage of this law is that they want to proteet ghblic against bacterial gastro-
intestinal infection which is contracted throughe thonsumption of unwholesome
food that has been irrigated with polluted watenfrthe drains (Obuobie et. al, 2006).

In an interview with the Public Relation Officer dhe Waste Management
Department, he confirmed that the assembly hasotioypin relation to the reuse of
waste. There have however been instances in the vlasre AMA has done
something on its own in relation to waste reuse.chied the Teshie Compost Plant
and the UASB plant at Mudor, James Town from witemapost and dry sludge were
generated for use in urban agriculture. On the erenfsurine for agriculture, he
promised the commitment of the assembly in thisoses it will contribute towards
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the saving of the environment and reduction of gb#ution load on the treatment
plants. The Director of Sanitation at the Ministoy Local Government Rural
Development and Environment also affirmed thatrtieistry is seriously looking at
the reuse of waste and wants to integrate it inéocountry’s developmental policy.
He said the current draft policy on waste curreb#jore the cabinet of government
seeks to introduce sustainable financing and eastvery into waste management and
therefore any form of recycling or reuse will belegened.

An official of the Crop Services Unit of DepartmesftFood and Agriculture when
interviewed revealed that already the departmepiasof its extension services have
been educating farmers on improved farming prasts&tech as nursery management
and the right use of organic manure. He emphadisaidthe department is in the
forefront in encouraging farmers on the use ofralitve manure such as cow dung
and poultry manure because they are cheaper, yeadillable and less toxic. On the
use of wastewater for urban agriculture, he poimedthat there is already a study
between the department and IWMI on the use of wagts for urban agriculture at
the Dzorwulu site. He affirmed that bringing urioe board will not be that different
significantly. He pledged the unit support in termf supervision and technical
support should the project take off.

The Director at the Metropolitan Environmental Hiedlnit on the other hand stated
that he will like to be familiar with the systemdaknow the results from some of the
experiments conducted already before he can gwélbssings. Health was his main
concern as a result of the contamination of thgxrdlready there is a series of
confrontation with the farmers on the use of urbamoff for irrigation. He however
indicated his willingness to work with the demoatibth team and indicated that
already the unit is working together with IWMI arather stakeholders on an
experimental basis on the safe reuse of wastewatesome of the urban farms in
Accra.

7.4.2. Perceptions of households and urban farmers

Household perception

Danso et al. (2003) and Obuobie et.al (2006) ltaveed out studies to analyse the
perception of households in relation to the useholtisehold waste in urban
agriculture. The study by Danso et al (2003) wasiexh out in the three Ghanaian
cities of Accra, Kumasi and Tamale. It was to asdbe level of interest of the
various households in relation to their attitudedaods the separation of waste as well
as toilet facilities, which separate urine from reta. The study by Obuobie et al
(2006) was also aimed at studying the perceptiosoaie stakeholders on the use of
irrigation with polluted wastewater sources as \@slbpen space urban agriculture

In the first study, 2500 households were interviéwsth focus on source separation,
and about 650 households were also assessed ttaasteeir perception, knowledge

and interest in reuse of human excreta and urinestMouseholds suggested that
urine could be used as medicine while dried exaietagood manure. Although only

a few households were interested to sell their reseurces, about 60-80% believed
that there should be a market. In general, nedirlyoaisehold (94%) were interested

in a toilet system which allows the separation winan excreta and urine, giving that
it is provided for free
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Urban farmers

A study was conducted by Obuobie et.al (2006) ticisadhe perception of some
stakeholders on the use of wastewater (urban waterff from drains) for irrigation.
The study population consisted of 138 farmers, &fetable sellers and 400 vegetable
consumers in Accra. From the stu6$% of the farmers expressed satisfaction with the
use of wastewater for irrigation. They gave readonsheir choice as reliability of flow
as this stream of water is relatively continuoud%3of the farmers mentioned this). 32%
also said that the use of this water is free argbdwt require the payment of bills as
those farmers using the pipe borne water whiclgeersive and unreliable. Less than 5%
of farmers referred to nutrients in water as redsorits use. Indicating that farmers use
wastewater mainly to satisfy their water needsrastdor its nutrient aspects as such.

This analysis was confirmed by a study that waseta#ien within this MSc. research
at 2 of the farming sites in Accra, namely the Dadu and the GBC urban farm
sites. Figure 7.1 shows the location of the farmd also the religious affiliation of

the farmers interviewed. In all a total of 20 fars&vere interviewed. 13 were from
Dzorwulu (one of the larger farming sites). 15.38Pthese were Christians whilst the
rest were Moslems. At the Ghana Broadcasting Catmor farming site (also one of
the smaller farming sites) seven farmers werevigered of which all were Moslems.

Where is your farm
located
B Dzorwulu
[ cBC

100,0% =

80,0% =

60,00 =

40,0% =

20,0% =

0,0% =
Christian Moslem
Religious affiliation

Figure 7-1 Religion affiliation of farmers and locatiofifarms in Accra

All the respondents were men. Figure 7.2 showsfgegroup of the farmers and their
level of education.7 of the farmers has had no &ilue. 3 of these were between the
ages of 31-45 years old, 2 were between the agds ahd 60 whilst the other two
were over 61 years old. Another seven had alscshat basic education. Of these 1
was below the age of 30, 2 were between the ag&l-db whilst the rest were
between the ages of 46 and 60. 6 of the interveemérs have also had secondary
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education. Of this 4 were between the ages of 3tMitst the rest were below 30
years.

4 —] Age Group
@l below 30
mE 31-45
[ 46-60
B 61+

Count

None Basic Education Secondary Education
Level of Education

Figure 7-2 Age groupings and Educational level of farmerAccra

They were asked about the type of fertilizers thegd, how long they had been
farming as well as their commitment to the use airam their farms. All the 20
respondents answered that they use a combinatiocherical fertilizer (mainly

NPK15-15-15, urea, ammonia sulphate) and poultrynurea whenever this is
available. The respondents have a farming expeFieanging between 1-5 years
(10%), 6-10 years (15%), 11-15 years (15%), 16 yexdrs (35%) and more than 20
years (25%). All the farmers were prepared to useewon their farms.

Figure 7.3 shows the farmers willingness to ugeutine on their farms and their
commitment to bear the cost of transportation.tiddl 20 respondents expressed their
willingness to use urine for fertilization. Howeverhen they were about their
willingness to foot the cost of transportation: 3%#reed to pay for the cost of
transportation which was GHC55 for 7500 litres ahe which is the same as a bag
of urea. The 65% however said that it was too esipen

70,0% — Ar(_a u willing to use
urine on your farm
M yes
60,0% —

50,0% —

40,0% —

Percent

30,0% —

20,0% —

10,0% —

0,0% —
yes no, too expensive
Are you willing to pay for the cost of
transportation

Figure 7-3 Willingness among the farmers to pay and usaitme
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On willingness to donate land for the mounting ¢&@k and the investment in a tank;
60% of the respondents were prepared to donatkideand also purchase the tank.
35% were prepared to donate the land but were reggaped to purchase the tank
whilst the final 5% although were prepared to pasghthe tank but was not prepared
to donate land.

Figure 7.4 shows how the farmers commented whey wWexe asked to give their
comments on what they think about the whole conoépirine application in urban
agriculture.2 of the respondents thought it wasdgioat it was necessary to seek the
views of the consumers who are the buyers. 1 wasnvbthe age of 30 whilst the
other was in the age group of 31 - 45; 2 peoplevben the ages of 31-45 commented
that the cost of application should be affordalrid eheaper than the other fertilizers
in the system. 13 people asked for a demonstratobe conducted for them be
familiar with the technology. 1 respondent wantedeaito be converted to struvite for
ease of handling. 2 of the respondents had provided comment at
all.

5— Age Group

below30
31-45
45-50
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)
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%, What are your general comments
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Figure 7-4 General comments about the use of urine anmtwagdrious year groups
of farmers in Accra

From the study that was conducted by Obuabial 2006: it revealed that vegetable
sellers on their part are more concern about thalityuof their produce. They
normally evaluate this on the basis of its sizesliness, colour, firmness of leaves as
well as absence of spots, dirt and holes but nateba contamination level.
According to the study 70% out of the sellers waweare of the various source of
water that is used for irrigating the vegetablesafly all the vegetable sellers replied
that such practice should be stopped without amgpcomise citing reasons such as
contraction of diseases by consumers as the masome When asked if they could
offer higher prices for produce fertilized with ate water: 76% answered in the
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affirmative. Most sellers however admitted thaisitdifficult identifying vegetables
fertilized with wastewater as against those fesili with pipe-borne water.

The consumers in Accra who were interviewed wernagakly concerned about the
quality of food they buy. They however admittedtttiee discussion held with sellers
during the purchase usually concerns the pricenatthe origin of the produce or the
type of water or pesticide used in cultivating. Yterther indicated that it would be
difficult to distinguish between contaminated antcaentaminated vegetables and
doubted if vegetable sellers will tell the truthgiiestioned on this. The study further
revealed that nearly all the consumers (75%-95%irated that they will not buy the
vegetables if they know if it is fertilized with wi&ewater citing the contraction of
disease as the main reason. A minority of this hawebelieved that adequate
washing could clear all the pathogens from the tadges. When consumers were
asked what they would do in a scenario where aktables in the city are irrigated
with wastewater between 60% -80% of the populatnmiicated that they will stop
purchasing vegetables from the market all togethieother 20% -40% indicated that
they will wash the vegetables adequately.

7.4.3. Perceptions among Entrepreneurs
Fertilizer industry
The fertilizer industries in Ghana play a very #igant role in urban agriculture. In
an interview with an agronomist attached to Dizéh@®hana) Limited (which is one
of the main fertilizer companies in the countryg, disclosed that the urban farmer is
one of the company’s main clients. In fact in order reach them they have
repackaged some of their products into 1 kg bagsetge their needs. He admitted
that he was aware of the depletion of phosphatk eval their principal overseas
suppliers have reacted to this by carrying outaeseand producing fertilizers which
releases phosphate into the soil in very limitedants.

He enumerated that the use of urine will face sohalenges. Key amongst them is
its handling. He however stated that things cowdebsier if a technology could be
developed to convert the urine into struvite. lattivay, handling becomes easier and
it can be collected when it accidentally spillsc&@®dly, urine being in a liquid form
will require it been bottled in airtight containeshich will bring about additional
challenges. He further pointed out that every crequires a specific amount of
nutrients. For example, in bulk fertilizers one Wwsowhat amount of nutrients is
available. He doubted if the same can be saidriaewand if the application rate can
be determined to that exact level. The loss of amanwhich results in the scorching
of plants is another issue which he thinks fornehallenge. On joining the arena of
research, he thinks it is too early and a lot eéegch still needs to be done.

Another fertilizer company which was interviewedsa&einco (Gh.) Limited. Their
main overseas partners are Yara International aada YGhana Limited. The
agronomist of this company was also aware of th@etien of phosphate rock. He
however does not see it as a threat as he belatezratives could be found to this in
no time. He thinks the ecological sanitation ideainice one and the use of urine
laudable but still thinks more research is nee@uthe probability of his company
joining the arena, he feels that it is too earlytfos.

Exporting companies
Since some of the urban farmers produce for therexparket, it was decided to
interview an exporter. An agronomist attached ® @&hana Trade Hub which is an
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exporter of crops to Europe and affiliated to tHeR& was interviewed. He stated that
most of the farmers who are registered under theenauganic manure such as farm
remains which is an excellent form of fertilizere ifelt that the use of urine is far too
expensive. When asked if he would recommend theafiserine to farmers, he
answered in the negative. He indicated that tleeinérs operate under the EurepGap
and Fair Trade Standards which require high stahd#dr good sanitation and
agricultural practices. He was fearful that thenerwill harm his crops. He retorted
“what do | do when there is blood in urine (suchramenstruating women)”. He was
also not convinced that diseases like HIV and tidesis will not be passed on
through urine. He was also very doubtful whetherdix month period will be enough
to sterilize the urine. He even went on furthepaint out that there was a time when
some crops where reported to be contaminated bgupliers. When he carried out
an investigation, he found out that it was at a@lan a farm where the farmer had
been urinating. Finally, he indicated that he waudd like the stigma that will go with
the use of urine. According to him a single pulilma from a newspaper about a
farmer who is using this will crash his businese¥er.

Urinal operators and urine collectors

In pursuance of its privatization policy the AMA sh@iven concession to some
entrepreneurs to operate urinals within the CerBradiness District to step up its
efforts in sanitation. One of them is Big 2 limitéhe initial agreement between the
entrepreneur and the WMD was that he should cotleeturine and dispose of it in
one of the treatment plants. This is however netdéise now. When the entrepreneur
was asked why he was throwing into the drain supbtantial resource, he indicated
that he knows the value of urine as a fertilizez.Wwhs initially collecting it but due to
the rate at which the holding tanks were fillingand also his inability to find market
for it he was compelled to dispose off the urinithe drains. Additionally, the
disposal of the urine which would consist of trasgipg it from the Central business
district to the Lavender Hill was expensive andreptieep down into his pocket.

He now expressed his intention of joining the argmauld he be offered the chance as
he is even on his own looking for a market for pisducts. He also indicated his
willingness to lease some of his urinals for expental purposes.

Ghana Environmental Service Providers

Many of the members of the Ghana EnvironmentaliSem®roviders (although not all
service providers belong to this association) aeoming wary of the unsustainable
way in which waste is disposed off. This has madé&dasome of them to look for
partnerships for recycling. In an interview withetRPresident of the association, he
indicated that he is already in association wittmagartners from Denmark to go into
the recycling of plastics and other organic wasf®om lion, also another
environmental service provider has also indicaiedmMilingness and is making plans
to go into the recycling business.

7.5.  Networking and cooperation

Due to the high cost of chemical fertilizers théies been an upsurge in the use of
organic fertilizers. The main organic fertilizersea are poultry manure, farm remains
and cow dung. Composting have not catch up thdtpeelly because of its high cost
and also because of its poor quality as comparethaoother fertilizers. Urine
application is also applied on a very minor scale.
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There are various organizations currently involved the development of the

alternative fertilizer concept. Some of them aree tmternational Water and

Management Institute which is working on a projéidie Safe use of wastewater in
Peri-(Urban) agriculture”. This project is seekitmy explore the possibilities for

alternative cropping areas and safer water sourttesvill ensure that where

wastewater treatment remains insufficient or ahsemmsumers could be protected
through different low cost methods such as safgyation techniques, low-tech water
filters, and simple water treatment methods. Theadso the Valley View University

who is also working on ecological agriculture usumgne for fertilization. There are

also organizations involved in other forms of onigaagriculture such as the use of
farm manure, poultry manure, cow, sheep and piggcasiwell as composting by
means of organic solid waste and excreta. Howéhwaretis no clear link among all

this organisations.

7.6. Conclusions

« The stakeholders in the current socio-technicalniegare those related to
urban agriculture on one hand and urban sanitatiotme other hand. They are
quite separate but to close the loop they must dogether

 The members in the regime comprise of the govertragencies who are
responsible for the formulation and implementatafrpolicies, the research
institutions who are also engaged in policy recomaa¢ions and sustainable
use of water and land resources, the local orgammsawhich are interested in
the production, marketing and consumption of uragncultural products and
the other organisations whose activities in theasas focused on the practice
of urban agriculture as a means to poverty alleiat

* Almost all the stakeholders are favourably inclinedards the use of urine as
an alternative fertilizer the main driver being thigh cost of the mineral
fertilizers. The only exceptions are the mineratilieger companies and the
export companies. The farmers are willing to useuit the reaction of the
consumers is unclear.
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8. DISCUSSIONS

8.1. Introduction

The current practices within the urban agricultwet up gives an indication that there
is generally an agreement regarding the need fohaamge in farm inputs. This is

because synthetic fertilizers are expensive andlvegpnd the means of many of the
urban farmers who fall into the bracket of the wrh@oor. This development has
resulted into the development of several experiatemis on the use of alternative
fertilizers. However these experimenting arenas diggointed and they lack a

coherent vision thereby resulting in the developim@nmultiple visions and many

transitional arenas none of which is too strongbteak into the existing socio-

technical regime. In this section, the transitidhaories discussed in Chapter 3 will
be applied to see how the innovations in the ne&rrative fertilizer regime could be

up scaled to a higher level

8.2. ThelLevelsof Transition

The urban agricultural sector is on its own a catgltechnological system. The
system works because all the components withirsyiseem such as the farm inputs,
the farmers, the supporting institutions amongséxs are linked and work together to
achieve a societal function. The substitution af ohthese components will therefore
require that all the other artifacts have to benéigured. This therefore requires the
development of a complete technological transition.

A technological transition requires a radical creangthe way things are done not just
in terms of the hardware of tangible physical isfracture such as the farming
implements but also the software of know-how, pcast and organisational skills
surrounding the farming practices. It also requitesformation of new alliances and
the dissolution of old ones. It also requires teealopment of coherent and consistent
visions which must come from the group and notnyeased by an outside party.

8.2.1. The landscape of the Macro level

The landscape is found at the macro level. At légwel are the background variables.
In the urban agricultural sector these are the $aand irrigation channels and for the
urban sanitation these are the sanitary blockstlaaaultural practices that surround
their use. A lot of money has gone into the comsima of sanitary blocks and the
harvesting of urine will mean an additional costtihe entrepreneur. Additionally,
urine harvesting will mean an increase in operali@ost as the urine will have to be
carted separately aside of the excreta. Meanwindeetis this general perception even
among government officials that money should notvbsted on toilets because it is a
waste. Any attempt therefore to try to add to thst ©f this sanitary blocks will be
met with resistance. Again there is a social-calttitinking about urine been a waste
and also dirty and that it has to be dispose off asunicipal waste. This perception
however only exists in the minds of people.

Although these practices are structural in charatke development in the city of
Accra shows that this will not last for long. Farsiance the dispose and forget
concept as a practice which was prevalent amongs#mtation sector is now
changing as the space for waste disposal are noanbeg unavailable. The AMA
has for instance even passed a law which prohibitsal operators from dumping
their waste into the drain. Although this law has fully been enforced to the letter it
at least indicates a kind of change is on the way.
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8.2.2. The Regime of the Meso Level

The meso level is formed by the socio-technicalimeg This is the institutional
structures that link technical artifacts and act@v#hin the urban agricultural sector,
the technologies in place are those related tousige of agricultural inputs such as
irrigation methods, fertilizer usage and the usefasming tools and implements
amongst others. The actors also include those tr@mgovernment sector who are
involved in the formulation and implementation oblipies. The others are: the
research institutions that are given into investigathe current practices as well as
researching into alternative practices. The lagupris the local associations who are
involved in the production, sales and consumptibfaon implements and products.
Finally, the rules are policies related to urbancadture as well as the laws that relate
to the use of alternative agricultural practiceshsas wastewater in agriculture.

The regime is characterized by many interestingeiggments. Although Ghana’s
economy is predominately agricultural based, theecurrently no fertilizer
manufacturing company. All the mineral fertilizeese therefore imported from
abroad. This means that the price of the productoisin the control of the local
partners coupled with this is the withdrawal of sdlg on fertilizers. This
development has led to the sky rocketing of feetliprices (although there was recent
reintroduction of some subsidies on fertilizerstbg government in the face of the
current global upsurge of food prices; it remaimsé known if this will in anyway
affect the price of this product). The increasehie prices of mineral fertilizers has
led to the loosening up of the relationship thastexi between some of the actors who
are in the urban agricultural regime. Key amongstrt is urban farmers who fall into
the bracket of the urban poor and also the Minisfrifood and Agriculture (MOFA)
which provides extension services. The fertilizempanies on their part have tried to
reinstate this relationship by repackaging theodpicts into smaller packets of 1kg
from the previous 50kg and 25kg. But the fact séithains the same. The price is just
too high for the farmer. To counteract this effd©QFA has for some time now been
advocating on the use of alternative fertilizershsas poultry manure as well as cow
and sheep dung. The current practices among maise afrban farmers are the use of
both the mineral fertilizers as well as the poultmanure. Many farmers are
comfortable with the use of poultry manure busihot always available.

Fortunately, there are no laws within the city bagnthe use of household
wastewater for irrigation. The only exception isAMA bye-law which prohibits the
use of water coming from drains and urban rundffee current development at the
regime level gives a clear indication that the arlagricultural sector is ripe for the
introduction of an alternative fertilizer becausaifpry manure which was expected to
fill in this gap could simply not do as it is singphot sufficient within the urban
settings of Accra.

8.2.3. The Niche at the Micro level

At the micro level are the niches. Within this Iewethe urban agricultural setup are
the alternative fertilizers that have recently cante the market. The development of
these alternative fertilizers in Ghana has genecahtred on the use of manures such
as crop-residue, green and animal manures andeglsme cover cropping. There are
hardly any studies on the use of human waste facwdture (Cofie at al. 2004).
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Figure 8.1 shows the position of the various fedils within the multi-level
framework of transition in the urban agriculturatugp in Accra. Mineral fertilizer still
remains at the socio-technical regime phase assiill the most preferred option and
to a large extent all the rules and institutions smmehow linked to it. At the niche
level are the poultry manure, compost and urine.

Macro-level
(landscape)

Meso-level
(regimes)

Micro-level
(niches)

O Urine . Compost
Mineral fertilizer
Poultry manure

Figure 8-1: Various fertilizers within the Multi Level Bbke of the Transitional
Framework in UA in Accra

Within the city, the most important alternativetiiezer in use is poultry manure. This
manure comprises of the dropping of chickens anddaghaving litter. After some
time, the wood-shavings with the chicken droppiags removed from the coop and
allowed to decompose before being applied to tlile Bois type of fertilizer is in a
very high demand as a result of its high nutrieahtent and its affordability.
However, this fertilizer is scarce and not alwayailable because there are not that
many commercial poultry farmers within the city.

Compost is also another niche that is undergoirmgeementation within the urban

agriculture setting. Composting is the biologicatdmposition of organic matter by a
mixed population of micro-organisms in a warm, rhaisd aerated environment. This
treatment is reputed to eliminate the pathogerteenwaste thereby rendering it safe
to use. This type of fertilizer even received stgiproval as the WMD of AMA itself

built a plant in Teshie which was generating conipdkis plant has however broken
down and it is undergoing repairs currently. Bubpto the breakdown, the demand
for the product was exceeding low. In addition e WMD there are also other
organisations propagating the compost technologgne@lly, most farmers are
sceptical about the use of compost because obds quality. This is as a result of the
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presence of broken bottles and other undesirabterras in the mix. Other factors
are the heat built up within the compost resultmthe burning of the plant as well as
the high water demand that is normally associatéial thve use of compost. Lastly, the
high cost of the product (GH¢1.00/50kg) also disaged the use of this product.

The use of human excreta, as a fertilizer in géngtnown among the farmers but it
is hardly used in the city as the farmers fearrtection of the authorities. This is
understandable if one reasons from the fact thatfeery long time the crops of

farmers were destroyed by the authorities on sigpit¢hat they were using

wastewater for irrigation. A new development isrently taking place at the Valley

View University in Oyibi near Accra. There is aroégical farm where urine is used
as a fertilizer on the farm. Crops under cultivatiaclude: sorghum, mangoes, and
moringa. The project is supported by the Germanldgecal Society. It has been

running for the past 5 years on a pilot phase. fitogect has receiving widespread
attention from the academia. However this practecedone in isolation and not

supported by any local agricultural institution lsias MOFA.

8.3. Themulti level phase of transition

Rotmans et al. (2000) see transitional managemerd deliberate and collective
attempt to explore and bring about a transformaiticen functional domain. Transition
in this sense is therefore a gradual, forward-logkand reflexive way of achieving a
paradigm shift using a participatory approach.

Figure 8.2 shows the position of the alternativeilieers in the multi-phase of the
transitional framework. The adoption and use oharicould be likened to the
beginning of the pre-development stage with compodtpoultry manure still leading
it in terms of time and system indicators.

In fact within the urban agricultural set up, soda the use of urine as an alternative
fertilizer is concerned, there appear to be a dynaquilibrium in the status quo as
there does not seem to be any visible change a®werds the adoption and use of
urine. The separation and use of the product iyyebbn the agenda of even the most
innovative proponents of alternative fertilizer gea The only exceptions are the
International Water and Management Institute (Wwieaurrently involved in helping
to test the new WHO guidelines with regards toubke of wastewater for irrigation).
But even in the case of this body, the agenda mre us still lumped up together with
their general agenda of sustainable water uses Itrue that very interesting
development is going on at the Valley View Universiwith regard to the use of
urine but this development remains as an islanglio€ess. The infrastructure for the
system is expensive and mostly imported from Geymahe cost of the urinal alone
is GH¢600 furthermore, the university is isolateohi the main framework of urban
agriculture and many farmers as well as other iaffistakeholders within the urban
agricultural sector do not have a stake in it vetime even claiming that they do not
even know about it.
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Figure 8-2Position of alternative fertilizers in the myfinase of the transitional
framework of UA in Accra

If however we are to broaden the horizon and seentiole transitional concept with
regards to the use of alternative fertilizer in gyah then we will come to a different
conclusion. The use of poultry manure could fotanse be said to be at the take-off
stage. This is the phase where the process of ehstags to get under way because
the state of the system then begins to shift. Setakeholders even place it at the
acceleration phase because they believe therevislde structural change which is
resulting in the accumulation of socio-culturalpeomic, ecological and institutional
changes within the urban agricultural set up. Butome considers that at the
acceleration phase there are collective learnimggsses, diffusion and imbedding
processes then it might be too premature to ptabeie. Although it is not likely that
there will be a time when this manure will take owempletely from mineral
fertilizers, it is certain that because of the hmgites of the mineral fertilizers new
visions and practices of finding alternative soudfefertilizers will continue to
dominate. But will the development of this fertdizbe hampered by its scarcity in
Accra?

The development and use of compost could also deeg@lin the middle of the pre-
development stage. Although this fertilizer recdiadl the blessings of the government
which saw it as a logical way of disposing of itaste it never caught on well with
farmers. Will urine also receive the same offikildssing if government gets to know
that urine is the main contributor of nutrientsoihe water bodies and perhaps one of
the greatest contributors to eutrophication inwater bodies?

71



In a narrow technological sense, the success skthéernative fertilizers may not
constitute a breakthrough in the wastewater panadigEcosan as a whole. However,
in the broader socio-cultural sense it is differditte success of this manure has really
soften the attitude of the regime players. Many@ila in the regime have softened
their stand on the use of household waste foratiog. Currently a network of actors
has even begun to build up to discuss the safeofigeusehold waste in urban
agriculture.

8.4. Barriersto Up Scaling of the Urine Usage in Urban Agriculture

There are two ways in which the up scaling of &metogy could occur. The first one
is evolutionary transition in which the outcometloé transition is not planned in any
significant way. Whilst in the second case whichihie goal oriented transition; the
goals and visions of the end state are guidingracéamd the orienting strategic
decisions of private actors (Kemp and Rotmans, ROBétmans et al (2000): in

defining transition based on the second conceptritbes it as consisting of a

deliberate attempt to bring about a transition istgpwise and interactive manner
which involves a sequential and participatory deais

Transition is normally recommended at places wibenges and improvement alone
have insufficient effect and more fundamental clesngre needed. Looking at the
development of alternative manure developing inr@hiaa general the emphasis has
been on the use of crop residue management, gnetaramal manure as well as the
cropping of legumes with hardly any study on the aBhuman excreta (Cofie et. al.
2004). This development is reflective of the fdwttif the up scaling of urine as a
technology would ever be achieved then there isnibed to adopt a step-wise
transitional management. Because the current apiprofachanges and innovation in
alternative fertilizer usage in urban agriculturel andeed agriculture as a whole in
Ghana will never put urine on the agenda.

Transitional management requires for a first sheyp & transitional arena should be set
up. These arenas are however only established thtegproblems have clearly been
assessed and identified. The problems relatindgh¢oatdoption and use of urine are
mainly related to price, perception and some gapsesearch findings. In terms of
price, the cost of bringing the product to the fasnhigher than mineral fertilizers. In
the case of perception, some stakeholders stikvelthat it is impossible to get the
exact constituents of the nutrients in urine anetdéfore the product might be over
applied or under applied and this might have soithe affects on the crops. Finally,
in terms of the research gaps: one particular btdler, who is an exporter, was
fearful about the effect of blood and spittle imner He was also of the view that the
application will bring with it stigma from the presnd the boycott of their products
by organisations such as EUREGAP. These concerall de addressed when a
transitional arena is in place.

A transitional arena is a participatory network mdople coming from different
backgrounds with a manager who is normally respdador communication. This
network requires that the members be people whinamvators and visionaries who
can develop long-term visions and images. It alsmahds that members have some
basic competencies at their disposal and be opadediand also have the ability to
address the agenda on the table. Unfortunately isHadppening at the Valley View
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University does not have these important requirdsmeémd can therefore not be
classified as a transitional arena in the trueeefshe word.

Furthermore, within the arena, there is the needetoup a long-term vision and
possibly a common transition agenda. This will guikde actors in the formulation of
programmes and policies that will aid in setting the long term and short term
agendum. As there is currently no transitional arenplace, there is no such vision.
The current development at the Valley View Univgrsince again, does not have
these elements which are so important in evensitianal management development.
Although IWMI is currently involved in the testingf the WHO standards on
wastewater reuse; their agenda on urine is oncen dgamped up with the use of
wastewater in general and they therefore do nok lzeny specific vision and image
for urine adoption and usage.

Initiation and execution of transitional experimemt the next logical step after the
development of the transitional visions and imadgreshe urban agriculture setup, this
could ideally be the establishment of a demonsinatarm. There is currently an
ecological farm at the Valley View University whargne is applied on crops. But if
this farm is to be brought into the limelight ofetirue sense of transitional
management, then there is some elements which #@singn For transitional
management requires monitoring and evaluation byriirg-by-Doing and Doing-
by-Learning. This approach requires that specifahes (in this case demonstration
farms) be set up within a place where experimergst@ be performed and where
useful lessons can be learned. This will lead ® ddjustment of the transitional
visions and images and the further developmentefttansitional arena. From its
current location, the farm at the Valley View Unisiy is far removed from the UA
setting and can therefore not qualify as a dematsitr farm

85. Conclusions

* There is the general need for an alternative izgtilas a result of the high cost
of mineral fertilizers.

« On the multi level framework, there are severahagon the ground but none
IS strong enough to break through to the regimeslleThe niches are
characterized by problems such as scarcity, poalitywf the product or a lack
of a proper transitional arena

» The use of urine remains at the beginning of tleedavelopment stage and not
very prominent even on the agenda of the innovatiwekers of alternative
fertilizers.

* There is only one institution practising urine reum a pilot basis but this
institution is far removed from the urban farmirect®r and not supported by
any of the major stakeholders. It can therefore bet considered as a
transitional arena

* The lack of a transitional arena as well as isse&ging to contaminants in
urine and its rightful application still remain®arrier.
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9. CONCLUSIONSAND RECOMMENDATIONS

9.1. Conclusions

Public toilets are a predominate feature in the &# close to a third of the population
of the city use this type of toilet. This constisita point where cheaper alternative
fertilizer in the form of urine could be harvestéd. urban farming is vibrant in Accra
the urine from this toilets could be channelledbitite agricultural stream thereby
closing the loop between sanitation and agricultufee nutrients in the urine
emanating from these toilets are enormous andrifdséed it could even exceed the
fertilizer need of the city. However these nutrgetagether with all the other nutrients
from the various households and industries areasel® untreated into the
environment causing severe environmental damagegsgarly to the water bodies.
In fact, if urine from the stand alone urinals e tCentral Business District alone is
harvested it could supply the entire nitrogen regaent as well as a substantial part
of the phosphorous and potassium requirementsbainuagriculture in Accra.

The harvesting and consequent application on thkl fiill produce a win-win
situation for both the city managers and the ufaamer. The city managers will win
by a reduction in the amount of nutrients that enteto the water bodies which is
posing a threat to the sustenance of the aquaticrarine lives. On the other hand,
the plight of the urban farmer will be reduced lzes availability of urine will provide
him with an alternative fertilizer to replace thensral fertilizer and the other
alternative fertilizers which are either too expeeor limited in supply.

Urine is a comparatively safe fertilizer containipiant available nutrients. The
increase in crop yield for crops fertilized withing is between 2 to 6 times higher
than crops not fertilized at all. Its crop yieldaiso comparable to crops fertilized with
chemical fertilizers. Storage is a low cost effeetireatment which achieves pathogen
die-off thereby rendering urine safe for applicatan all types of crops. Like all other
types of fertilizers, its application requires sopmecautions to be taken.

The harvesting and subsequent application of udnethe field requires some
infrastructural modification as well as the prowgisi of transportation services.
Substantial initial capital is needed for the psown of these infrastructures and also
transporting the urine. As there is no entreprenalno is engaged in the
transportation of urine the only option will beutse the suction trucks operated by the
septic tank emptying companies with the inheresk of faecal contamination.

The nitrogen content of concentrated urine is axprately 3grammes per litre.
Comparatively cost analysis based on the nitrogaments only of urine, poultry
manure and mineral fertilizer indicates that ulisméy far the most expensive and the
least attractive option to the farmer due to igghhgost.

The stakeholders who are involved in the socio+i@eh regime are those in the
urban agriculture sector on one hand and urbartasiem on the other hand. They
form two separate regimes but they need to cometheg if the loop is to be closed.
These stakeholders could further be divided in® ¢htegories of the government
agencies that are responsible for the formulatiwh immplementation of policies and
the research institutions who are also engaged olicyp recommendations and
sustainable use of water and land resources. Otinerthe local organisations which
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are interested in the production, marketing andsemption of urban agricultural
products and the other organisations whose aetviti the sector is focused on the
practice of urban agriculture as a means to poaigyiation.

The regime is warm as those in the urban agri@llitsector are looking for an

alternative fertilizer as a result of the high cothe mineral fertilizers. Whilst those

in the urban sanitation sector are also lookingafdogical means of waste disposal
and they see the agricultural sector as the mkslylicandidates. Almost all these
stakeholders are favourably inclined towards the o$ urine as an alternative
fertilizer the only exceptions are the mineral ifeér companies who are fearful of
losing the grip on their markets and the export panes who are fearful of the
contamination in urine. Studies previously undestgkalso indicated that although
customers do not ask about how their crops ardiZed when they are making

purchases: they might respond negatively if theyvkithat their crops were fertilized

with urine.

On the search for alternative fertilizers there seeeral niches on the ground but none
is strong enough to break through to the regimelldéyrine is one of such niches and it
is currently at the beginning of the pre-developtrstage and not very prominent even
on the agenda of the innovative thinkers of alteveafertilizers. There is only one
institution practising urine reuse on a pilot bdsis this institution is far removed from
the urban farming sector and not supported by dnyr@ major stakeholders. It can
therefore not be considered as a transitional arEima lack of a transitional arena as
well as issues relating to contaminants in uring i rightful application still remains
a barrier.

9.2.  Recommendations

Having identified urine as the major cause of quitication among the household
wastewater, a policy should be formulated and eefbragainst the discharge of such
large volumes of urine (particularly those comingni the public toilets and public
urinals) into the urban wastewater stream. Thiscpahould compel the urinal and
toilet operators to collect and dispose of theiinais separately. Where there is
already a kind of agreement existing such as tlse tetween the WMD and the
urinal operator at the CBD this should be enforteedhe letter. In addition to this
policy, those operators who collect their urinaéparately and dispose it as such
should be motivated by providing incentives suchaasrebate and a reduction in the
commission they pay to the assembly.

Secondly, the collection of the urine to the faimowd not be left into the hands of
the suction trucks operated by the septic tank aipes. Instead an entrepreneur
should be found to invest into the purchase oliaktwhich will deal exclusively in
the transportation of urine. An ordinary pickupckumounted with a tank could be a
right at the initial stages.

In view of the fact that the cost of transportatwinthe urine is too high, farmers
should be encouraged to store the urine on the faren In this case, the urinal
entrepreneur delivers the urine when it is neededhe farm site and dispose of it
when it is not required. In this way, the operagiocost to the farmer is then erased as
the urine entrepreneur will now consider these faa® an extension of his disposal
site.
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Furthermore, research should be intensive intactdmeentration of urine without the
urine losing any of its nutrients. For instanceuiine could be concentrated by a
factor of 5, then the nitrogen level will rise t&6 firammes per litre. This means that
for the same volume of 7500 litres of urine, therfar gets an equivalent of 5 bags of
urea which will currently cost GH ¢220 or 5 tonspaiultry manure which will cost
GH¢82.50. This will really make urine competitiveopided the cost of concentration
does not rise abnormally. This will make econongnse and the farmers will really
consider it as an alternative fertilizer.

For urine harvesting and application to becomelyeahble, a transitional arena
should be build around the technology. Such a iianal arena should include
members from the government agencies such as tiparfDeent of Food and
Agriculture, the AMA Waste Management Departmeiite tAMA Planning &
Coordinating Department, Metro Public Health Depent, the Town & Country
Planning, the Ministry of Trade and Industry, thénaBa Standard Board, the
Environmental Protection Agency, the Food and DrBgsrd. From the research
institutions such as IWMI and CSIR — STEPRI would belpful. Other local
organizations such as the various farmers assowjatine Vegetable Producers and
Exporters association and the Market Women wouldhdoedy. Other organizations
such as the FAO, GTZ, CRS, ADRA, Action AID and Plets Dialogue should also
be needed. The media would also come in handyasidut not the least the urinal
and toilet entrepreneurs. The Valley View Universiarm can still serve as an
experimental base for future development but moygortantly a demonstration farm
should be cited in one of the urban farms.

From the chosen institutions and organisationsaasttional manager should be
chosen who should lead all the stakeholders. dw\af the fact that IWMI is already
engaged in similar experiments at the Dzorwulu farte, they should be given the
lead role. It is also important that, an institaa analysis is conducted to determine
who does what within the arena.
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APPENDICES

Appendix 1: The Design for the Holding Tank

Location Cod | Qty | Estimated | Peak | Total No of Monthly
(A) e (Its) | rate after 10 | flow Urine dislodgin | operatio
B) | (C) |yrs(Its) (40%) | generated | g per nal cost
Pt=Po (1+x) | (Dx1.4 | per month | month (7.5m3
f } (m3) (G) tank)
(D) (E) {E x 30} (GHC)
(F)
Novotel Mkt. | NM | 260 | 419 587 17.61 2.348 129.14
1 1
Novotel Mkt | NM | 180 | 251 352 10.56 1.408 77.44
2 2
Metro Mass | MM | 150 | 210 294 8.82 1.176 64.68
Transitstn | TS
Tema Stn TS 180| 251 352 10.56 1.408 77.44
Kinbu Road | KTS| 600| 838 1174 35.22 4.696 258.28
Mobil Ind. TIA |150 | 210 294 8.82 1.176 64.68
Avenue
Kojo KT |1106| 1545 2163 | 64.89 8.652 475.86
Thompson | MM
Road Makola
Market
Nkrumah NAl | 820 | 1146 1604 | 48.12 6.416 352.88
Avenue 1
Nkrumah NA2 | 980 | 1369 1917 | 57.51 7.668 422.84
Avenue 2
Kantamanto | K1 600 | 838 1174 | 35.22 4.696 258.28
1
Kantamanto | K2 540 | 810 1134 | 34.02 4.536 249.48
2
Kantamanto | K3 538 | 768 1075 32.25 4.3 236.50
3
Rawlings RP1 | 620 | 866 1213 | 36.39 4.852 266.86
Park 1
Rawlings RP2 | 540 | 810 1134 | 34.02 4.536 249.48
Park 2
Total 7264 434.01 55.52 | 3054.7
Key

Pt= final population
n=number of years

X= population grdwiate

Po=lInitial populatio
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Appendix 2: Bill of quantitiesfor holding Tank with Sandcrete Block for Rambo
850. Size of trench: 3.02 x 3.02m x 2.950 deep.

Item

Description

Quantity

Unit

Rate

Amount

Exc. and Earthwork

A

Excavate pit for chamber
starting from reduced level
exceeding 1500mm deep
but not exceeding 3000mm
deep

27

7.55

203.85

Excavate trench for
foundation starting from
reduced level not exceedin
1500mm

1.25

7.55

9.44

Load up and remove
excavated material from sit

€l8

4.49

80.82

Backfill selected excavated
material around walls in
foundation

10.69

2.21

23.63

Concrete Works

Plain in-situ concrete
(1:3:6-38mm aggregate) in
foundation column bases

1.25

110.00

137.5

Ditto, in floors

1.37

110.00

150.7

Precast concrete slab in
750mm x 3020mm X
100mm thick

No

257.85

Block work

150mm solid Sandcrete
block work in cement and
sand mortar (1:4)

36

15.00

540

Finishing

50mm screeded bed laid o
concrete and finished
smooth

8.45

76.05

19mm smooth cement and
sand (1:4) internal
rendering on walls

36

3.87

139.32

Plumbing Work

Allow a provisional sum of
One Hundred Ghanaian
Cedis for all plumbing
Works

[tem

100.00

8500 litre capacity Poly
tank

No

988.00

988.00

Sub-Total

2707.1

Allow 5% Preliminaries

135.3

Allow 5% for Contingency

135.3

o oo

Total

2,977.88
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Appendix 3: Prices of Dizengoff Fertilizers as at 21% May, 2008

ltem | Fertilizer | Packing | Retail(GH Cedis)
Special Fertilizers
Soluble Potassium Sulphate 25kg 23
Potassium Sulphate (Standard Powdeb0kg 41
grade)
MOP Soluble 25kg 26
Soluble magnesium sulphate 50kg 30
Kleserite Powder 27Mg0+22S 50kg 28
Calcium Chloride 25kg 18
Million more 1kg 3
Mr. Bean 1kg 3
Mrs. Bean 1kg 1.90
NPK 19-19-19 25kg 58
NPK 19-19-19 1kg 3.3
Potassium Nitrate 13-0-46 25kg 48
Potassium Nitrate 13-0-46 1kg 2.40
MAP 25kg 64
MAP 1kg 3.6
Multi Cote 4M 15-15-15 +3MgO 25kg 51.50
Multi Cote 4M 17-17-17 +3MgO 25kg 64.20
DAP 50kg 81.00
Bulk Fertilizers
NPK 50kg 45.00
Sulphate ammonia 50kg 30
Urea 50kg 39
TSP 50kg 60
Liquid Fertilizers
Citroboost / Vegeboost / Mangoboost 0.5l 3.2
Cassava starter/ Finisher 0.5l 2.1
Iron 6% FE 10l 51
Iron 6% FE 0.5l 3
Maize starter/finisher 300ml 3.2
Feromax 100ml 2
Zink Max 0.5 3
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Appendix 4: Summary of I nterviews with Stakeholders

4a: Interview with the Manager of Big 2A Limitedd urinal service operator in the
Central Business District

The operation of the urinal facilities started @02 as a pilot project as part of the
WMD activities towards private public partnershipsanitary facilities. In 2008, the
company has been licensed to operate on a ful $=dis. The company started with
7 urinals and from this humble beginning a lote$dons had been learnt. Currently
the urinals under operation are located at the Kbjompson Road around the
Makola Market, the Kinbu Road near the State Trartsporporation bus terminal,
the Tema station and the Kaneshie Market all inrAcc

Initially, when the company started, the materthkst were used for the construction
of the urinal stall were steel metal sheeting.hi@ inen’s compartment, the main unit
is a urinal whilst a bidet is fixed in the womemrsmpartment. These metallic stalls
are tiled internally with ceramic wall tiles to nekleaning easier. With time it has
been realised that the metallic stalls are rustapdly as a result of the sea breeze
and so there is now the intention to shift from tmetal containers to plastic
containers. There is therefore an ongoing negotiatiith an investor to import 1000
of these units into the country.

These urinals are serving a very important purproserms of sanitation. Prior to their
installation, women particularly were having a héinde in finding where to urinate.
They therefore resorted to means such as urinatiegpty water sachets and empty
beverage containers and disposing them by thedfideads. Men were also found
urinating in the open gutters and other such platles construction of these facilities
has therefore come as a relief to many of thesplees this practice has been abated.

The main challenge has been the space in whiclodatd the stalls. The market
women, for whom these facilities are been builiSegbat we are taking away the
space where they are doing their business. Theg lf@wght us on a number of
occasions. Again, people sometimes defecate imuniteand since the facility is not
meant for the carriage of excreta it becomes aangis.

As to why the company decided to discharge theeuirito the drains as against the
initial agreement with the WMD; the main reason \zeg we never anticipated such
a high patronage of the facility. Because of thghhpatronage, the containers were
getting full at very regular intervals and they @aio be emptied twice a day.
Additionally, there was also no means of transpioma So men were hired to lift the
containers manually onto push trucks and convemtteethe lavender hill treatment
plant. This ordeal was done twice a day. It wasrtyea burden to the company as
well as the market women who were plying their ¢radound the area as the stench
was simply unbearable. In order to stop this ordiw company decided to channel
the urine into the open drains/gutters and theeshvn chemical detergents which
will bring the stench down to a bearable level.sTApproach has so far proved
successful.

There is however still the pressure on the comparesist from the practice of urine
discharge into the open drain. This we intend tongly with by constructing
underground storage tanks which are big enouglol the urine for a considerable
number of days. This will also require that we ¥ialves in the urinals which will
close automatically when there is no urine flowasoto control the stench (most of
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this facilities have no supply of water and they dnerefore being operated as
waterless urinals although that was not the inbentif the designers). Additionally,
we are also looking for a market for the urine &sare aware of its fertilizing value.
The landscape industry at this moment is our neaiget, although we have not made
the approach yet.

On the issue of transportation, it is quite a @me. There are plans far advance to
purchase a small truck, on which we will mountedrék and pump. This truck should
be able to maneuver into obscure corners for dighafd This is what we intend to use
for dislodging.

On joining the arena of urine usage, the comparylig prepared to join. Our main
contribution will be to supply the urine to therfaers initially for free but after some
time, a fee will be charged once the technologyeHazeen understood and adapted.

4b. Interview with the Chief Agronomist (Agric Dsibn) of Dizengoff (Gh) Limited
Dizengoff (GH) Ltd started operations in Ghana 857 under the name Dizengoff
West Africa. In 1976 however the company's name whaanged to Dizengoff
(Ghana) Ltd. Today it is a subsidiary of Balton G of England. The company has
therefore been operating in Ghana for more thayeas.

The company deals in items related to crop praiectifertilizers, seedlings,
machinery and irrigation. In terms of fertilizetee company deals in both the folia
and bulk fertilizers. The folia fertilizers are pll in the growth of the plant whilst
the bulk fertilizers boost the nutritional statdghe crops.

For the folia fertilizers it is recommended to ulse 12-0-62 for root generation, 19-
19-19 for the vegetative growth stage and 13-Oetélfe flowering stage which is the
final stages of plant growth. For the bulk fergliz the most popular one is the NPK
15-15-15. The normal application rate of the fdéatilizer is recommended as 1kg
per hectare whereas the bulk fertilizer recommeaodaate is 100 kg/acre.

Dizengoff (Gh.) Limited is basically an importer tdrtilizer. There are as yet no
plans to manufacture the fertilizer locally as tlesmore of a policy issue which
should come from the government. The principal §app of the company include
Taifa of Israel and Sico Fertilizers of Belguim.eThompany caters for the needs of
almost all the farmers in Ghana. Within the urlad peri- urban setting in Accra,
our clients include: the vegetable farmers, casdaumers and the maize farmers
amongst a host of others.

On the importance of nitrogen to the crops, yesyepant needs some nitrogen and
hence almost all our fertilizers contain some amaifmitrogen. On the depletion of

the phosphate rock and the threat it poses tcettiéiZer industry we as an industry is
aware of it and therefore our principals are cagyout some research into other
fertilizer sources which will release particulatlye phosphate into the soil in very
limited amounts. There is also the possibility teatne other alternatives might be
found within the very near future as research anekbpment is a core activity of this

organisation

On the challenges that urine faces as an altemd#itilizer, it will be ideal if a
technology could be developed to convert it to wabery form. In that way, handling
becomes easier and it can be collected when itdectlly spills. If it is to be used in
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a liquid form then it should be bottled in airtighbntainers. Again, every crop
requires a specific amount of nutrient. For exampla fertilizer one knows what

amount of nutrients is available in an NPK 15-15#&8ilizer and the amount that

each soil type will need. | doubt if the same carshid for urine and if the application
rate can be determined to that exact level. Anotheflenge is the loss of ammonia
which results in the scorching of plant which woaldo be another challenge.

On joining the arena, as | had already pointed ibig,even possible that some level
of work is already been done although | am notuse sf it myself.

4c. Interview with Public Relations Officer WMD aiMA

The Accra Metropolitan Assembly is currently dividi@to 13 sub-metropolitan areas.
These are: Teshie, North Okaishie, Okaishie SdD#y Klottey, Ablekuma North,

Ablekuma Central, South Ablekuma, Ayawaso Centfglawaso West Wuogon,

Ayawaso East, Nungua, La and Ashiedu Keteke. Rcémt Teshie and Nungua
sub-metropolitan areas have been ceded off to ecrtbat new Ledzokuku-Krowor

Municipal Assembly. This means that currently AMAsh11l sub-metros and the
original land size of 170kfrhas been reduced.

In terms of sanitation, the public toilet is an mant part of the sanitary
infrastructure of the metropolis. For that mattiwe assembly is encouraging their
construction. But these toilets are meant forfib&ting population, and therefore its
construction is encouraged at places such as nsagket bus stations. It has never
been the policy of the assembly to encourage ptiliets in residential places as the
assembly had never had the intention of makingipubilets an extension of private
residence. The exception to this rule is densepufaded areas. In these areas due to
the way in which buildings were constructed, itiicult for those who do not have
their own toilets to construct one now. In suchcpkthe assembly reluctantly allow
the construction of such facilities as public t@lare better than no toilet at all. But
even in such places, the construction of new wiletboecoming more difficult since
land is simply not available.

On the operation of these toilets, currently the W/NBs totally diversified it. Private
operators are now doing this. In cases where théityais built by the assembly,
immediately after its construction tenders aretetvifrom members of the general
public to bid for its operation. These operators squired to pay a percentage of
their net earnings to the WMD (after overhead cesth as electricity and dislodging
cost among others have been deducted). In some basesver, we have the build
operate and transfer system (BOT). Under this gearent, the private entrepreneur
constructs the facility. The facility is run for @eriod of one week after which a
headcount is then organised. The headcount endi#eassembly to estimate how
long it will take the contractor to pay back hisestment based on the 60% to 40%
sharing arrangement (after the deduction of thelmas cost). After the payment
period, the arrangement is then changes to 40%hforentrepreneur and 60% for
AMA.

The assembly on its own has been soliciting fordhmership of private toilets in
residential areas. The last of this attempt is Whlean 4 project. This project was
meant to assist landlords to own their own toilelsder this arrangement, landlords
pay for 50% of the cost of the toilets in termstlué provision of building materials
whilst the assembly support with another 50% in ftben of construction and
expertise advice. Although this project is stillnning and the money from the
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assembly was meant as a gift and was not refundalley households are not
coming for it. This because the amount is small eandl only be assessed at the tail
end of the construction like when you are constngcthe septic tank.

On public urinals, the idea behind their creaticaswdue to the fact that people were
finding it increasingly difficult to find a placeoturinate particularly in the Central
Business district. Due to this, an investor camema the WMD granted him the
concession to mount urinals within the central bess district. 7 of these urinals have
so far been constructed. The agreement was th#lectton tanks were to be
constructed near the urinals where the urine véllcbllected. When they are full,
these are to be collected in suction trucks and fasmt to one of the waste treatment
facilities in the city. About 6 months ago, it hiaglen discovered that he has connected
the urinals into the drain. A notice had been seimim to desist from this as this was
not part of the original agreement. Aside of thimails, the WMD also has its own
urinals which are also attached to the public teile

On the reuse of waste, the assembly has no pailiaglation to that. There have
however been instances in the past where AMA hag domething on its own. The
Teshie Compost Plant is one example. This plantseasip to convert organic solid
waste into compost but this plant is not functigniwell as a result of lack of
maintenance. Another attempt is the UASB plant addt, James Town. From this
treatment plant, dry sludge was produced which piashased by entrepreneurs in
the landscape sector. Achimota Golf Club for inseawas one of the main patrons.
This plant is also not functioning to its full cajtgt because the bills which are
collected from households goes to the Ghana Watenpany and not to us. All
attempts to have the water company to hand overritney had not yielded any
dividend and we are still pursuing it. The assemblgherefore cash strapped when it
comes to the operation of the plant.

On the collection and reuse of urine, the assemibilywelcome this idea. This is
because this will mean saving the environment addcing the pollution load on the
treatment plants. One constraint, which the entéreguir of the urinals at the central
business district faced and which motivated hirditect the waste into the drain was
the unavailability of space. Most of these urinate located in densely populated
areas surrounded by traders and other commutetsf Bwe operator had contacted
the department this could have been easily resolVbis is because since the tanks
could be constructed underground it would not paegdproblem. On a closer look,
the main reason for his decision was the high aifstdislodging which the
entrepreneur had wanted to avoid.

On the current status of the WMD, almost all ourvéiees have been privatised. For

example almost all the public toilets are in thedsof private operators and so also
is the collection of household waste and excretaredtly, the assembly has only two

suction trucks which are used for dislodging ofteefanks. But these are for protocol

and emergency services

On the benefits that an entrepreneur will get whaest into the collection of urine, |
will indicate that first a proposal will have to lggven to the assembly stating the
intents of the entrepreneur. From this, the authanight provide some relief. This
relief might be in the form of a rebate which Wik given in terms of the percentage
of money to be paid to the assembly. On land fer dtorage of urine prior to its
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transportation to the farmers we can easily allgart of the land we have on our
sanitary sites as these lands are quite big.

4d.Interview with Director of Physical Developmemd other staffs of the Ecological
Department of the Valley View University

The Ecosan project has been in existence since. 20@3pilot scale is over and the
university is trying to scale up the technologyctver every building on campus.
Very soon all the rain water, grey water and blaeker from every building will be
harvested for use on the campus.

The VVU ecological project began when the Germaoldgical Society adopted the
VVU to make it a case study and a model ecologiaatpus. The project is presently
a joint collaboration between the German MinistfyEducation and Research who
are the main sponsors, Berger Biotechnik GmbH €&etojArchitects), Palutec
Ecological Engineering Systems (Project Consuljaaitsof Germany and the Valley
View University which is a Seventh day Adventissstitution of higher learning
based in Oyibi near Accra, Ghana. The project e brunning since 2003 which
means it is in its fifth year. The original contrdmetween the university and the
German Ministry of Education has since expired gear but the VVU has been
informed that the ministry is going to extend tloattact by a further 18 months. This
extension phase will involve the construction of tilets and rainwater harvesting
and treatment. As at now, the construction of tikett infrastructure (which is the
VVU's part of the contract) is completed and thevarsity is now waiting for the
German partners to supply the buckets for harvgstirthe black water.

On urine, a lot of work has been done in that afgas includes the successful
cultivation with crops such as: sorghum, maize, go@s, cashew and moringa. The
next stage is to pass on this technology (as datiheo university corporate social
responsibility) to the surrounding communities. U intends to do this in order
to improve the livelihood of the farmers and alsmpiove the environment. There
have been a lot of outreach programmes in the foffraducating the surrounding
communities about the benefits and use of urinagimculture and although some of
them have shown the interest, none has come foriwgrdrticipate. By and large, this
is due to the fact that the farmers are contertt thieir rain-fed agricultural practices.

The major challenge that the university is facingterms of this project concerns
mainly the breakdown of the mechanised pump whsditached to the suction truck.
When this occur, suction of the urine from the tenkot possible and therefore when
the tanks are full, it presents an obnoxious smegltlering the whole area around the
urinal highly contaminated. A better alternativeallcbhave been allowing the urine to
flow by gravity to a central system (say the faonjo use a non-mechanised pump.

In terms of the general performance of urine asraliter, the result has been very
impressive. At the beginning of the project, theiliey of the soil was low and crop
yield was unsatisfactory. But the reverse is nogvdase. In the sense of publication,
no publication has so far been done by the VVUabldt of visitors come around to
see the work.

On joining the arena of innovative thinkers pattely on the use of urine for urban

agriculture, the university is all ready for it. \WMs prepared to share its expertise any
partner into this area as part of the VVU'’s corp@social responsibility.
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In an interview with the landscape consultant &alcto the facility, he confirmed

that urine is excellent as a fertilizer. He was beer disappointed that the university
offers no course in agriculture. This in his opmiwill affected the up scaling of the
technology.

Another concern which was raised was the expensig®rted appliances that are
used in the urine harvesting project. He feelsllpaavailable materials could easily
be found to replace the expensive foreign compeneifitich could then make its

adoption by other local entrepreneurs possibleadiuddable.

In another interview this time with the Farm Mangdee confirmed that gradually,
the project has now moved from the experimentajestand is gradually reaching a
commercial phase. At the research stage, triale veenducted on maize using
various fertilizers such as poultry manure, cow arenmineral fertilizers and urine.
Poultry manure was initially the best among therderms of crop yield but since the
last 2 years urine has taken over. The reasorh®stidden takeover by urine from
poultry manure is still under investigation. Thenfamanager claims that the other
manures such as the poultry manure and urine aferpeng better than mineral
fertilizers. Further trials were alsmnducted on mangoes and cashew using 5 rolls of
15 crops each. They were subjected to differeatriments of urine ranging from 0/ 3
/6 /19 /12litres per plant. Results of this expeminkave been forwarded to Germany
for the necessary works.

4e. Interview with District Officer-in-Charge of Qus at AMA-MOFA

The agriculture sector within the urban city cangoeuped into three main sectors.
These are the animal section which comprises opthétry, sheep, goat, cattle and
pig farming sectors. The ruminants section whicimgoses of rabbits and grass
cutters and the crop sector.

In the crop section, vegetables are the main diwgitsare grown in the city. They are
of the local and exotic type. There is a big marfiketthis sector as apart from the
local production some traders even go beyond thdeos of this country to bring in
the said vegetables from the neighbouring counttieghe city, vegetable farming
takes place normally at the banks of rivers wheagewis readily available.

Among the services provided by MOFA to the farmams: Extension services and
education of farmers on good farming practices fraumsery right up to harvesting
and also the rightful application of pesticides. ferilizers, the extension service
normally advice farmers to use organic fertilizetech as cow dung and poultry
manure since they are cheaper, readily availalidess toxic.

On the use of wastewater for urban agricultureavenpersonally been involved in
some study on it. There was a study sponsored byYDWHiich was code-named
“Save Ghana vegetables” which wanted to make vbigetaoduced in Ghana more
to be devoid of any harmful pathogens.

MOFA is collaborating with IWMI in the use of wastater for urban agriculture at
the Dzorwulu site so bringing urine on board willt e that different significantly.
The worry about wastewater from the beginning heehtthe micro-organism in them
and not the heavy metals and hence all effort asegetowards trying to hygienise the
wastewater.
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As to joining the arena, the ministry will be eyeepared. The ministry will provide
extension services and technical support when wkeede

4f. Summary of Interview with Mr. Victor Schafer ¥S Marketing Service Limited
(Ghana Trade Hub -Exporters of Crops to Europeatiner Countries).

The use of urine as a fertilizer can only be recemded in my opinion after a careful
analysis of its content. It is also important t@mwnwhere the urine is coming from.
Harvesting of urine from public places such as Twaaha Okaishie is not proper
because the probability of contamination is highsltrue that sanitise urine can be
collected but that means sanitise urinals musnbtlied and this is very expensive.
At this point, who will be paying for these urinafé do not know who will pay for
this but | do know that the Accra Metropolitan Asddy is not interested in this
venture at least not at this stage”.

The first challenge is that confront the use angp#dn of urine is its cost. Sometime
ago, BP and Shell (which are big Oil companies)abeg similar study on converting
slurry from the biogas plant into pellets which kkbbe used in agriculture. The cost
was around US$150 to US$180 per kilogram of pelltis was much more
expensive than the normal mineral fertilizer anddeethe project could not continue.

Another challenge which should be considered is whioneed the urine. The small
scale farmers in Accra will definitely not need Ttis is because they are far too
small to afford the infrastructure that goes witle urine usage such as the holding
tanks for the storage of urine. On the other hatidhe big farmers are located up
north beyond Kumasi. Here comes the issue of tatespon more so as there is no
railway system to convey urine in large quantitethem.

On recommending the use of urine to our farmeuvsiJlIhesitate to do this. “This is
because there is a demand of high standards frenfafimers from international
organisations such as EurepGap and | cannot geardimat the use of urine will not
harm my crops”. There had once been an instanceewdomtaminants were detected
in some of the crops of the farmers and this wesett to a farm and to a point where
the farmer was urinating on a certain portion ef fdwrm.

Again on the issue of contamination, “I am pershnalorried about the effect of
diseases such as TB and HIV which could be tratsththrough urine and its effect
on crops. Also important are the effect of bloodc(s as those from menstruating
women which can easily be passed in urine) anefiéxt on the crops and soil. | am
not convinced that research has totally proven sheth contaminants cannot be
transmitted to crops”. The next issue to considethé stigma attached to the use of
urine. A single publication from a newspaper abadarmer who is using this will
crash his business forever.

On the Valley View University project, “I am scegal about the whole thing. On my
part, if | will ever recommend urine for any cropeh perhaps | will talk about
mushroom because this has the ability to filter ioyburities through its substrate.
Even for this | will not recommend urine from publirinals. If ever | will touch
urine, then it will be from a controlled environmesuch as a school (where | know
there are no infections and where the women aremaotstruating) and institutions
such as a prison where | know inmates are conttdlle
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On joining the arena of urine adoption and usab#ihk there are still many things
that remain to be done. First is the smell. Re$eahould be conducted to see how
this could be taken away. Again, laws existing mrdpe where crops are mainly
export to do not encourage its use. Lastly is that.dcCheaper organic fertilizers from
food remains, crop pruning and weeds are plergiduivhy use urine when all this is
available”.

4q. Interview with the Secretary of the Dzorwulu-Querative Vegetable Farmers
Society

Dzorwulu Co-operative Vegetable Farmers Society $ociety that is registered with
the Department of Co-operatives. The numericahgtreof the society is 26 and it is
headed by a chairman.

The average size of each members farm is arou@®afres (0.1ha). Exotic
vegetables such as cabbage, lettuce and cauliflavgemainly cultivated. Planting is
done all year round and the average cropping sessi®@month (One month for
nursing and 2 month for planting). This means tbaieach year planting is done on
an average of 4times. Traders who normally purchiasesegetables come from the
Mallam Atta Market as well as the Agbogbloshie MarkOccasionally some
consumers come to the farm gate to do direct psieba

The main types of fertilizers used are mineralilfeers and poultry manure. The
mineral fertilizers that are used include: NPK Es1b, Sulphate of Ammonia, Urea
and the folia fertilizers. These are normally bdudiom Agrimat, Agro and
Dizengoff. Occasionally, some members make purch&sen roadside shops when
the small quantities of fertilizers are neededcdst a minimum of GHc2.00 to
transport an average bag of 50kg of fertilizer frihva shop to the farm. The poultry
manure is also supplied by the poultry farmers.s€hgoultry farms are located at the
New Town and Kotobabi areas. The manure is brotgtite farm gate in variety of
sizes ranging from 25kg bags to 30 — 35kg bags.ZBkg is sold at GHc0.20 whilst
the 30-35kg is sold for GHc0.50. Occasionally sqmoeltry farmers approach our
members and ask them to clear their coops. Incthed all that the farmer pays is the
cost of transportation which is about GHc8.00 perdf manure.

On fertilizer usage, an average farm of 0.1 ha egker one bag of NPK 15-15-15,
Sulphate of ammonia or Urea per cropping seasoditiddally, about 2kg of folia is
also used up for this area. In terms of poultry umenan average of 15 sacks of the
30-35kg is also used. This is applied twice pemfag season when it is available
The fertilizers are normally applied 1 week afteansplanting whilst the folia is
applied on a 10 day basis.

Some of the major challenges facing us as farmegstte lost of land to estate
developers and the high cost of synthetic fertiz&oultry manure is good but this is
always not available whilst experimentations wittmpost had not also been very
successful as a result of the high water demaridtieacompost demands and also the
intensive heat that sometimes threaten the sureivtile crops.

As an individual I am willing to use urine on mynth but as results of
experimentations have not always been good, Ilikél to play it safe by first hiring
out part of my land for experimental purposes. Aduslim, | do not have a problem
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with the handling of urine. Handling urine is nikel handling pork which gets you
contaminated. All that one needs to do after hagdlirine is to wash his hands
thoroughly thereby making himself clean again.

Appendix 5: Farmers Questionnaire

Ecological Sanitation is a new paradigm in wastdewananagement which sees
wastewater not as municipal waste but as a resthiatean be used beneficially. The
concept emphasis the recovery, treatment and hggignsafe agricultural use of
valuable nutrients that is available in human waste

Most of the nutrients in household wastewater ametasned in urine. Again urine
contains little or no pathogen whilst faeces cantailot of pathogens. The plant
nutrients in both urine and feaces emanated fraablarfields and thus should be
recycled as fertilizers to support sustainabilityl do retain the fertility of the fields.
This practice is known as closing the loop.

The need to adopt this practice has become moreartlting in the face of the
elimination of fertilizer subsidies in Ghana. Thigs aggravated the situation of many
as more farmers are buying even less fertilizer féavd production resulting in
continuous cropping without addition of adequatemal nutrients.

Many studies have been conducted which shows tirad is comparable to chemical
fertilizers and relatively safe. It contains alletessential plant nutrients such as
nitrogen, phosphorous and potassium and very lighkvy metals.

| will therefore be very grateful if you would sgaa few minutes of your time to
answer this questionnaire.

No | Question Response
1 | Age 30 and below 31-45
46-60 61+
2 Educational qualification None Basic
Education
Secondary Tertiary
Education
3 Religion; None Christian
Moslem Traditional
African Rel.
Others (please state):
4 Sex: Male Female
5 | Where is the farm located
6 | What is the size of your farm?
7 How long have you been
farming?
8 What is the main type of crops
that you grow on your farm?
9 How many times do you plant
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each crop in a year?

10 | Who are your main customers?

11 | What type of fertilizers do younone
use for your crops?

Poultry manure
Cow dung
Chemical fertilizers
Farm remains
Others, pleas
specify

D

12 | How much volume of the following do you use at giyen time?

Poultry manure

Cow dung

Chemical fertilizers
Farm remains

Others, please specify

13 | How often do you use it during the cropping season?
Poultry manure

Cow dung

Chemical fertilizers
Farm remains

Others, please specify

14 | How much do you buy each type of fertilizer pertmcluding transportation)
Poultry manure
Cow dung

Chemical fertilizers

Farm remains

Others, please specify

Having understood the benefit of ecological saitatind the fertilization value ¢
urine

15 | Are you willing to use it on yourYes No
farm as an alternative fertilizer?
16 | If no, why

It will cost about GHC55 to transport 7000l to tfeem. (Equivalent to 1ton @
chicken manure

17 | Are you willing to pay at least forYes No
the cost of transportation?

18 | If no, why?

The use of urine on farms will require some landtifi@ mounting of a plastic tank

19 | Are you willing to invest in theYes No
purchase of this tank ?

20 | Are you willing to donate land forYes No
the mounting of the polytank?
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21

Are you willing to release part pfYes

your land for a demonstratig
plant?

n

No

22

Are you willing to go for the urin
yourself if you think the

eYes

transportation cost is expensive

No

23

Comments:
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