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1 Introduction

1.1 Project Background

RUNRES: The ruraurban nexus: Establishing a nutrient loop to improve @gion food
system resilience is &ur-year development project funded by the Swiss Agency for
Development and Cooperation (SDC). The purpose of RUNRES is to address two critical
development challenges facing rapidly urbanizing countries acrosS&aan Africa: the
provision of dignified and sustainable basic sanitation; and the sustainable and equitable
production of food. Currently, both the sanitation and agricultural seaterdominated by
linear solutions that are heavily dependent on resantersive inputs. These approaches are
obsolete and have led to radical nutrismbalanceswithin ruraturban interfaces across the
world. In rural areas, lonterm nutrient mininghas created a downward trend of agricultural
productivity, which harms liglihoods and exacerbates food insecurity. Simultaneously, rapidly
growing urban areas suffer from an accumulation of nutriéidsinsufficient collection and
disposal of organic gen waste, food waste, and human waste presents a critical environmental

and human health risk in cities across lower income countries.

Most development approachegew these problems as disconnected. In contrast, RUNRES
views the provision of processeapable of capturing, treating, and reusing food processing
and urban waststreams as a viable alternative model, one capable of supporting resilient and
sustainable communities. Thus, by reimagining the qunahn relationship, RUNRES seeks

to create aransformed local economy, one which supports a circular flow of resowittés

four city-regions across SteBaharan Africa: Bukavu, Democratic Republic of the Congo; Arba
Minch, Ethiopia; Kamonyi, RwangaVisunduzi, South AfricaTo achieve this goal, the
RUNRES team, working within a transdisciplinary framework that priostigekeholder

input and participation, developed the RUNRES theory of change (TR)gi)r€1.1), which

serves as the theoretical roadmap guiding the project.

To achieve the outcomes laid out in the TOC, hesvea nuanced understanding of the local
conditions within each cityegion is critical. Thus, the RUNRES core team conducted a
context analysis in e of the four project siteduringthe first year of the projecthis work
focused on the following timeatic areas:

Sociceconomic background

Policy and Regulatory Environment

Agricultural production systems

The cityregion food value chain
Ruraturban vaste flows

= =4 =4 -8 9
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Figure 1.2: RUNRES theory of change

Togethe, these context studies provide the information and understanding necessary for the
RUNRES core team and country stakeholders to select locally ajgdedpnovations capable

of supporting a transition towards a circular economy predicated on nutrgotimg. The
document below is the result of this effditis to be noted, twever,thatthese studies are
exploratory in nature anareintended tcserve as a foundation upon which future reports will

be based.

1.2 Report Scope & Structure

The purpose, s, and structure of this report is to provide a preliminary understanding of
the local conditions and issues that are pertinent toidbatification, selection, and
implementation of locally appropriate innovations within each RUNRESregion. The
sekection of locally appropriate, economically viable, and technologically proven innovations
is a critical project challenge. Efforts tbift the food system from a linear model towards one
predicated on circular flows of resources face an array of reguldtiophysical, technical,

and soad-economichurdles. Successfully navigating through these challenges requires a



nuanced understandjrof the local conditions within each projethis report is intended to

provide the first step towards acquiring tkimowledge.

The report is structuretb provide any reader the ability to understand the secanomic,
biophysical, and regulatory ldacape in each of the four citggions. An initial introduction

to each cityregion is followed by an hdepth assessmeof the key themes of the report.
Structured around each theme, the report will allow readers an ability to quickly appreciate the

large differences that exist within each eiggion.

1.3 Executive summaries

1.3.1Production systems

This context study ainteto generate an overall understanding of agroecosystems at a farm and
regional level within each RUNRES citggion by: l)c har act eri zing the si
and environmental context and (ii) understanding current agricultural practices, land tenure
systems, and market dynamics. To accomplish these objectives, this work utilized existing
literature, farmer focus group disssions, and sersiructured interviews with content matter
specialists. Our findings indicate that three of the RUNRESredjon economies, Arba
Minch, Ethiopia, Kamonyi, Rwanda, and Bukavu, DRC are heavily dependent on local
agricultural production, ith key commodities and supply chains easily identifiable. In
contrast, smalholder farming plays a less prominent economic raleMisunduzi, South
Africa. Here, large commercial growers dominate the food system, from production to market,
in ways that a unique across the four citggions. Despite this difference, smallholder
subsistence production &ill common in the rural ass of the cityregion and efforts to
organize and grow this activity to improve economic development are heavily supported by
the South African government.

In addition, this study found that similar challenges are faced by farmers in each of the analyzed
production systems. For exampthe project researchersutinely identified thatnsufficient

access to both organic and iganic fertilizersis a major challenge facing smallholder
production. Closely linked to this problem, both existing literatureelsas interviews with
content matter specialists express that poor soil fertility and health is a critical biophysical
chalenge facing the farmers. Interviewed farmers also frequently stated that poor postharvest
processing is a key challenge that cimities to high amounts of waste and a reductidarim
profitability. Indeed, extension agents identifiegpbrovedsmallscde processing as an area of
interest in every project site. Finally, this study identified market access as a key barrier to
smalllolder success. Large distances to market, insufficient transport capacity, and high



spoilage rates all conspire to impede #idity of smallholder farmers in the study sites to

successfully sell the commodities they produce.

However, this study also idé&fied opportunities in the four production systems. For example,
RUNRES scientists found strong state support for locatagural production within the four
city-region food systems. Extension agents, input subsidies, funding grants, and localacademi
institutions all provide mechanisms for local producers to receive aid. Support of this kind
indicates that the importancd smallholder production is well recognized and provides
opportunities to introduce the concept of a circular food system wislcim lecal context.

1.3.2Food Value Chain

In this report we collected and analyzed data from food commodity value chaimshiiee
city-regions of the RUNRES project across three different countries, namely, cassava in
Rwanda, coffee in DRC, and banaima&thiopia. Data from South Africaasnotconsidered

as a food commodity value chain was not yet clearly defined. We collected data from randomly
selected actors along the respective food commodity value chains from all available actor
segments in theespective value chains, including input leed, farmers, middlemen,
processors, wholesalers, retailers, and consumers. Data was collected electronically by project
coordinators and enumerators and was analyzed descriptively by the project scientists. Data
was collected from a sample of 2,721 cansu households (1,318 from Rwanda, 809 from
DRC, and 594 from Ethiopia). In addition, a sizeable number of households were also

interviewed from other actor segments.

Analysis of the data revealed that most @f éictors in these food commodity value okare

in general, minimally educated, with the majority of the respondents having attained only
primary level education. With regards to the value chain composition, some food commodity
value chains in some couies (city-regions), notably Ethiopiaare incomplete with some
actors completely inexistenfor instane, input suppliers, wholesalers, and retailare
missing, while in other value chains some act@r® too few in number to even warrant
statisticalvalidity of their sample. For instance, thanana value chain in Ethiopiashanly

one processor, while the coffee value chain in DREbhdy seven input suppliers. The cassava
value chain in Rwanda banly twelve wholesalers. Almost all actorskeaetpositive returns

from their business actiies in all value chains, however most actors operate on a-Soadd,

and these net returasevery small, thus subjecting actors to consumption constraints. Along
the food commodity value chains, many acfarse various challenges, including poor kedr

and communication infrastructure, and lack of access to financial or technical assistance.



Business policy regimes (regulations or | aws

to most actors (actorsrigely stated that they were not guided by golicies in their
businesses). In all business activities along all actor segments, men dopanate)arly
business ownershipnd transportation services, while females mostly dominate in shop
attendant aotities. Exchange of information betweentas and customelis dominated by

the persorio-person mechanism or use of phone calls, and in some chains the internet was
never used at all. Most of the clients for most achoe$rom the local communities, ostly in

the target cityregions. Most acts Il their products (crops) as fresh harvests or with minimal
processing (dry cassava pellets or dried coffee beans). Most actpshk@ customers
committedby ensuring proper product performance, offeryupd prices, and ensuring good
personal reltions. Many actors view the availability of relatively cheap raw materials for their
activities in these value chains, and the prospectively high demand of respective food
commodity products as key opportunitibsit canbe harnessed in these value chaMest

actors minimally use inputs from formal systems other than their own sources, and when they
are purchasedhey mostlybuy fertilizers thatareinorganic. Therefore, innovations that could
valorize organiavaste for production of organic fertilizezsuld play an important role across

all value chains. In some instances, some consumers experience food ysaictinites, at a

very high frequency. Therefore, interventions / innovations in these value thaisuld

lead to increased food produaty or market access with added value through processing,
could bring about positive impacts in household incomes and food security. In all value chains,
in above average proportions (over 50%), acttatedha theyareaware of circular economy

(CE) mncepts, andrealso knowledgeable about these concdpt&ven bigger proportions
(over 80%), actors would support such CE concepts in their communities. Moreover, a very
high proportion of consumers (70B95%) across all food commodity value chaarms willing

to pay for and or consume farm products or foods grown using circular ecdraseg
principlesBfor instance urine as fertilizer, fecal material as fertilizer or compost as a fertilizer.
However, in allcases the preference for compost fertilimefood productss stronger than for

urine or feces, implying that some awareness to consumers on the safety of urine or feces grown

foods may still be needed.

Generally, all the three food commodity valueiosa@aredominated by low educated actors,
implying that technical assistance or innovations that would enhance access to technical
information could help improve the value of the products in these chains. Moreover, most

actors also identified failure to @ess technical and financial assistancalesy challenge. In



all food value chains, there is very minimal processirigs, most of the products are sold as

fresh products with minimal value additidrherefore, innovations that can enhance processing
adivities to add value to products at varsoactor segments would also significantly improve

high value food markets3 access, thus i ncome
most of the waste generated from activities of many actors is nuknelged and not recycled

for reuse in thestod systems. Yet, many actors have minimal capacity to buy farm inputs,
especially fertilizers. Therefore, innovations that can enhance valorization of waste generated

by actors along these chains, while follogithe circular economy model, can enhariosing

of nutrient loops, improve soil nutrient content, and subsequently crop or animal productivity

that should in the end enhance household incomes and food security.

1.3.3Waste stream mapping

Presently, thegeneration of organic and inorganic waste in urban and rural areas -of Sub
Saharan Africa poses a health and environmental risk. Furthermore, the waste being lost into
the environment contains large amounts of mineral nutrients (NPK) anido@yaAt the ame

time, countries in the seBaharan region suffer chronic nutrient mining as minerals exported
from farms are transported to urban areas through agricultural produce and are lost as human
excreta and food waste. Therefore, the RUNRESeptajas estalshed to promote synergy
between rural and urban areas with an aim to improve waste and food values chains for a

circular economy.

Critical to the achievement of this goal is the quantification of the waste streams currently
produced withineach project . Thus, the waste stream mapping work of RUNRES was
designed to map and quantify the flows of inputs into the city, the transition of these inputs
from resources into waste, and the flow of the produced waste (human excreta, organic waste)

to current diposal sites. This protocol comprised three major outputs.

1.) City-region solid waste collection and management analysis
2.) Shit flow Diagram
3.) Nutrient flow analyses

Within each cityregion, the RUNRES team identified that large amounts of orgaben

green wate and food waste are produced. On average, of the total amount of waste generated,
60-80% is biodegradable and could be used to support nutrient recycling innovations.
Furthermore, the RUNRES team found that some form of ppbikate coopration formshe

basis of solid waste management efforts in each of the fouregjtgns.



With regards to human waste, the sanitation landscape differs markedly acrasgioitg,

with South Africa once again being quite unique amongst the four.unddsi, the urln core
benefits from a very wellleveloped municipal sewage system. However, in theupleain and

rural areas of the city region, pit latrines are the primary sanitation solution. Similarly, the
primary sanitation solution utilized in tlogher three cit-regions is the pit latrine. Given the
volumes of human waste produced, and the fact that municipalities are searching for solutions
to this development challenge, innovations capable of capturing, and effectively processing,
human waste o soil inputshave potentiato supply large amounts of locally produced soil

nutrients that could support sustainable-cggion food systems

1.3.4Sociceconomiccontext

In this context study, we looked at the seeemnomic situation in the four RUNES countries.

For this, we took the five different conceptual lensssceptance, social capital, cultural
theory, andtaboos In addition to a quantitative approach, this study also entailed a qualitative
approach, where we useagtounded theoryto uncoverremaining issas around the fe
circulation of organic waste in RUNRES, also with a perspective on how the different
respondents see development in a context of recycling waste. This study is based on data
collected among keinformants, relying on relately small subsamples of 20 to 30
respondents per country. The results of this study may therefore not fully represent what the
entire set of actors affected by RUNRES might think about the different aspects that we aim to
observe. However, this study ievertheless,ery complementary to the other studiesl will

be complemented by data collected through the monitoring surveys.

In the different RUNRES countries, we found high levels of acceptaneards the usef
organic waste for agricultural proction among theespondents, as well as for their related
concepts appraisal and support, with slightly lower levels regatioirg-use ofhuman waste.
Through cultural theory, we obsed/that gridresponse is relatively low for the respondents
(i.e., dronger individualism or egalitarianism), except for the respondents in Rwanda (i.e., a
stronger hierarchy). In addition, respondents from DRC and Rwanda are relatively high on
groupresponse (i.e., tending to egalitarianism), while those from Ethiop&aisvely lowe

(i.e., more individualism). The lenses of social capital could not provide data that are easily
comparable between the different RUNRES countries, but we could still observe relatively low
levels of general trust among the respondentshi®DRC, and nmaerate levels for Rwanda.

The respondents did not report specific taboos, although dealing with human waste may be

seen as belonging to lower social positions, and disgust may play a role in the acceptance of



the use of human waste. Finallihe collectedqualitative data also showed that many
respondentyiew the lack of acceptance of-using human waste as a result of a lack of
knowledge, and they therefore suggest that demonstrations and education measures can help in
increasing acceptaac

1.3.5Policy and regulatory environment

In this context study we present an evaluation of the legal viability of the different RUNRES
activities to recirculate nutrients. We cover the RUNRES activities through three main fields:
farming, trading and @nsumption, whih we sjit in the three main reirculation loops as
defined by RUNRES: organic waste, human waste, and-seell processing. Nevertheless,

we also focus in this study on the most contentious issue related to recycling waste: the use of
human waste foagricultural production. In all RUNRES countries, the legal frames state that
people and the environment must be preserved from the effects of hazardous waste. However,

the way this protection is defined varies between the different caintrie

In Rwandait is not forbidden to use human waste for agricultural production, but it must be
treated before being applied. In addition, food grown for expoigtbe compliant with the

rules of the countries where the crops are exportqubtentially gesenting anajorbarrier to

the use of treated humavaste as a fertilizetn South Africait is allowed to use human waste
such as treated sewage sludge for agricultural production, and the country is the only one in
RUNRES to have legallgtated pathogen threskslfor human waste. In addition, depending

on theproposed recyclingctivities and the potential hazard caused by the vimspeestion

actors have to apply for a waste management licence p&amBiRC, there is no explicit law
regulating the use of huan waste for agricultural production. However, from a sanitation
perspective, toilets have to be built according to local regukadiod have to be approved by

the local authoritiedn Ethiopia the current legal scheme does applicitly state that usig

human waste for agricultural production is forbidden. However, this statement requires a cross
check with legal specialists as a subsequenttstagsure that RUNRES activities may not be

compromised.

Overall, the treatment, storage, and use of huneeste for agriculture production is not clearly
regulated, except for South Africa. We can therefore assume that using human waste in the
way envisioned by the current innovation can be safe for the fiestepof RUNRES, which
remains experimental. Howaye more thorough evaluation will have to be carried out when

RUNRES will reach the stage where the different innovations will be upscaled.



2 City-Region Introductions

2.1 Bukavu, Democratic Republic of the Cogo

The city of Bukavu Eigure2.1) comprises an area of 60 kand extends between 2 ° 26 'to 2

° 33' South latitude from 28 ° 49 'to 28 ° 53' longitude East. It is located within the highlands
of South Kivu province at an altitude betwe#,460 m (lake level) and 1,900 m (Kadutu
summit) Both the province and the country itself remain at the very bottom of the Human
Development Index (HDI), positioning it at 176 out of 189 countries in 2017 (United Nations,
2018) and at the bottom of tki&ross Domestic Product per capita ranking (rar) {World

Bank, 2018). Currently, 77% of the population lives below the international poverty line of 1.9
$ dlcapitat ( Wor I d bank, 2018) . The countryds eco
remains, togéter with the mining sector, the driving force abaomicactivity.

DRC

South Kivu

Kabare (city-region
boundary)

Bukavu (city-region
urban core)

—— Road system

0 5 10 Kilometers
Pt

Figure 2.1: Bukavu cityregion (GIS dataobtainedfrom municipality of Bukavu, 2020).



Administratively, the city is made up of three municipalities, namely Ibanda, Kadutu and
Bagira. The city infrastructure, most ohigh was constructed during the colonial period, was
designed t@accommodat®0,000 inhabitants. However, approximately 1,988 inhabitants
reside in the city currentlyf'his increase in the population residing in Bukavu is due not only
to the natural grwth linked to high national birth rates but also to the rural exodus caused by
livelihood challenges that exist in rural aseof the country. As with many cities in lower
income countries, the municipality struggles to provide sufficient levels of saste

management, basic sanitation, food security, and employment.

2.2 Arba Minch, Ethiopia

Located roughly 500 kilometers souththe Ethiopian capital Addis Ababa, Arba Minch is a
municipality in the Gamo Gofa Zone of the Southern Nations, NationalitielsPaoples
Region Figure2.2). The population within the cityegion is approximately 221,677 residents.
According to Jenberu & Admasu, (2019), Arba Minch is one of the fastest growing urban areas
in the region. This rapid rate of urbaaion has placed enormous strain on existing resources,
with the municipality struggling to provide sufficient basic sarotati housing, and
employment opportunities to meet this growing population. Data collected by Jenberu &
Admasu, (2019), indicatesaha major driver of this rapid population growth is due to the
influx of new residents not only from outlying rural areathm the zone and region, but across

the country.
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Figure 2.2 Arba Minch, Ethiopia cityregion(GIS data obtamed from Arba Minchmunicipality).

As with much of the economy of Ethiopia, agricultural production plays a critical role for the
economy of Arba Minch. Farmers in the ruaa¢as of the cityegion grow cash crops such as
banana, papaya, mango, and apphis produce is sold in local markets within the local food
systemandexported to foreign markets (GGZ ARDO, 2015).

2.3 Msunduzi, South Africa

Msunduzi municipality is the ti-region boundary in which RUNRES is operating in South
Africa (Figure 2.3). The Municipal Demarcations Board (MDB) classified Msunduzi as a
category B (local municipality) of the uMgungundlovu district municipality (category C).
Msunduz is the largest local municipality within the uMgungundlovu District Municigalit
and the second largest in KwaZtNiatal with a population of 679,03Statistics South Africa,



2016) Pietrmaritzburg, located within Msunduzi, is the capital of KwaZmatal. It is
comprised of four Area based Management (ABM) zoNedindlela, Greater Edendale and
Imbali, Northern Areas, and Ashburton and Eastern Areas. The RUNRES pilot studies will
focusprimarily in Vulindlela, a rural area in the west of Msunduzi, and Sobantu, -anbamn

community in the eastern portion of ttigy-region.

N

S

0 5 10 Kilometers
—+—
South Africa
Kwazulu-Natal Province
Msunduzi Municipality
@ District roads

Figure 2.3 The cityregion boundary for RUNRES Msunduzi, showing the location of the ath@unding
municipalities within the provincgMsunduzimunicipality, 2020).

The cityregion lies within the Msunduzi river baswith altitudes ranging from 498 795
meters above sea level. The area slopes down from west to east, which influences the climatic
conditions of the regim Average annual temperatures vary frorfCl& 18C, with cool dry

winters and hot wet summers caeteristic of the seasons. Average rainfall varies between 748

and 1017 mm yedr



Demographic dynamics indicate an increasing population within the Msunduzi municipal
boundary. This has impacts on poverty, food security and service provision. Inraditiéo
municipality struggles with high youth unemployment, low education levelgy@mdncome
generation opportunities (Crush, 2012). Furthermore, in the rural areas of tregwmty there

is no solid waste collection service and basic sanitatiandsallenge. Simultaneously, the
urban core of the municipalitfhecause ohigh rates of urban migration, is struggling to

maintain current levels of solid waste and human waste management.

2.4 Kamonyi, Rwanda

Kamonyi cityregion is a district located withihe southern province of Rwanda. The district

is divided into twelve sectors: Gacuvednge, Karama, Kayenzi, Kayumbu, Mugina,
Musambira, Ngamba, Nyamiyaga, Nyarubaka, Rugalika, Rukoma, and Runa that comprise a
total area of 655 ki(Figure2.4).
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Figure 2.4: Kamonyi cityregion(Kamonyi GIS data, 2020).



As of the 2012 census, the population within the-mtyion is approximately 340,501.
According to the World Bank (2017), Rwanda has experienced rapid rates of uibarozar

the past decade, with the pr oposrincreasingfranf t he
16 to 27 percent between 2002 and 2015. Although a complex phenomenon shaped by a variety
of gpushR and qpul | R f ac trbarrcentefs ih &wandais Jargely0 0 3 ) |,
driven by two factors: better economic opportunitrethe cities, and a lack of access to land

in rural areas (World Bank, 2017).



3 Agricultural Production Systems

Acronyms and Abbreviations

CARG
CSIR
COCOF
DAFF
DALRRD
DAP
DRDLR
FAO
GDP
KZN
LCCS
MINAGRI
PTO
RAB
RASET
RDO
RWARRI
SARA
UNEP

Agricultural and RurBManagement

Council for Scientific and Industrial Research

Conseil Cosultatif des Femmes

Department of Agriculture, Forestry and Fisheries
Department of Agriculture, Land Reform and Rural Dev
Diammonium phosphate

Department of rural Development and Land Reform
Food andAgriculture Organization

Gross Domestic Product

Kwazulu- Natal

Land Cover Classification System

Democratic Republic of the Congo Ministry of Agricukur
Permission to Occupy

Rwanda Agriculture Board

Radical Agrarian Socicconomic Transfanation

Rwanda Development Organization

Rwanda Rural Rehabilitation Initiative

Sludge application rate advisor

United Nations Environmental Program



3.1Bukavu, Democratic Republic of the Congo

Introduction

Democratic Republic of the Congods ec,onomy
together with the mining sectdahe driving force of economic developmenhus, the cougt 3 s
prosperity relies heavily on ecosystegoods and services, in particular on fertdnd
productive soils. Beside the importance of the export of agrarian goods (coffee, rubber)
guaranteeing employment and income, agriculture is afmutigt importance to provide food
security for smallholderarmers not only in theéarget cityregion but also in other parts of the
country. The agricultural sector is governed by the Democratic Republic of the Congo Ministry
of Agriculture (MINAGRI). Futher, the country has set up Agricultural and Rural
Managenent Councils (CARGS), which are platfafor discussion, information sharing, and

formulation of local agricultural strategies on territory and province level.
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Figure 3.1: The cityregion with urbarcore (black), perurban (pink), and rural (grey) highlighted.



Characterization of the study area

We can divide the study area into three layers according to their characterization and function
for the city region. The urban core is characterized byga population density, urban
structures and a second and third sector econ@igyre 3.1). The secondary layer is the
peripheral territory around the urban core. Most agricultuiadiycts for the urban core are
produced here. It is, ti$, the agricultural territory of Kabare where both staple and cash crops
are grown. As Bukavu is close to the RwandadBurundian bordes; the tertiary layer should

not be neglected. Together witther territories of South Kivu, these two neighboringrmries

play a crucial role for the trade of agricultural and-agnicultural products in the city region.

The following paragraphs will describe each layer in more detail.

In this case study, thehan center of the city region Bukavu is the provincagital of South

Kivu in the DRC. The city itself consists of three communes, namely: Ibanda, Kadutu and
Bagira(Figure3.2. The city stre®8Hades imoma2®284848 twod
28®533E in | on giThaeatirideofdhe Bke Kinugs 1468 .ms.l. while the

highest point of the ty is the summit of Kadutu in 1900m.a.aul, 2019) By 2014, the

population in Bukavu counted 853 0(CTA, 2017)(13% of the total population in South

Kivu). Two other studies confirm these findings with estimates between ~70&a00mne,

2017) and 1,200,000 (Kayeye, 2013)persons living in ~155,000 households. Their
estimations vary depending ¢ime method of counting and the year of assessment. Further,
23800 farming househol daflin Bagiia(€TA, 207y hi n t he co



Ndendere

lbanda g 4> U

..... Country Boundary

e COmmune Boundary

——— Neighbourhood Boundary
Roads

B e

Other Densely Built-Up Areas

Figure 3.2: Organization of the Bukavu ciggion

The peripheal region (Kabare) has a surface of 1,968Kmthe year 2014, a census estimates
680,000 people and 61,000 farming households (=5.7% d&rafling households in South

Kivu) inhabiting KabargCTA, 2017) Over one third of the surface is protected aad pf

the Kahuzi Biega National Park. Thus, the peripheral region that is relevant for agricultural and
other economic activities is 1,200knThe most common food crops which are produced in

the area are: starchy tubers (cassava, sweet potatoes, ptdatogam), legumes (groundnuts,
beans, peas, soybeans), cereals (maize, rice, sorghum, finger millet) and fruits (banana,
pineapples) and getables (tomatoes, onions, leafy vegetables). Most agricultural products are
meant for family consumption due weeak trade in agricultural food products in Seiikiu.

Trade, commercialization, and market integration is constrained by low producti@h, foo

insecurity, poor roads, and a lack of access to inform@¥ferima, 2014) In addition to the



plantbased dietfood security in the city region also rdiheavilyonthefishery in Lake Kivu
(i.e.,sambaza, haplochroniand livestock husbandry (goathicken, and cattlepr protein

provision.

Coffee, sunflower, tea, oil palm, tobacco, cotton, sugar cane iactlona are the main
industrial crops produced and exported for further processing. The land tenure structure is
diverse, and most farmecanbe classified asmallholdemproducersHowever, there are also
largescale farmerghatare relevant for theirigher yields and thus also for the food security

of the region. The tertiary layer includes neighboring territories (Uvira, Kalehe) and m®vinc
(North Kivu) within DRC but also Rwanda and Burundi as neighboring courftieanda is
particularly importantfor the city region because a lot of imported products are currently
cheaper than local products. Due to a lack of adequate infrastrustoak,input supply
systems andudimentaryprocessing, local products sometimes pass through Rwanda first
before b&ng sold back to DRC. This phenomenon is particularly true for Bukamaverage,

the population of Bukavu consume about 1,030 geasont day?, of which 590 kcal, 90 kcal

and 340 kcal are provided by products from Rwanda, North, vt from within ®uth Kivu,
respectively. Thus, the city region imports most of its food from Rwanda, even for products
for which the region holds some comparaiadvantage, which further aggraasdeficiencies

in the local production system.

Climate

The climate of theity region is determinedot onlyby its geographical position (28°E 25S)
but also by its location to other influencing geographical traés @ltitude, topography, water
bodies, vegetation). Practically, the climate of the region is diad is iffluenced by wind
speed regim® rainfall patters, altitude, water (Lake Kivu) and protected areas (Kahuzi Biega
National park). Thelimate of the study area can be classified as tropigtahoderated byts
altitude. The study area is characterized fynaodal pattern of two rainy seasons, occurring
from MarchMay and Septembddecember, followed by two short dry seasons in Jaungust
and JanuarfFebruary(Figure 3.3). Annual rainfallis between 800mm (Ruzizi aih) and
2650mm (mountain zones). The maximum intensity during a thisfaetween 5 and 10 mm
per minute(Carel, & Tondeur, 1986 The average monthly temperature is about 20°C. High
variability in climatic factors is evident in recent yearsisMariability is registered in terms
of date of onset of rainfall period (tdate of rainfall start), the number of days of rainfatid

in terms ofthefrequency of sermdry months during the rainy seasdiMunyuli, 2017)
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Figure 3.3: The climate in Bukavu (created with ddtam https://en.climatelata.org/africa/conge
kinshasa/sukivu/bukave4604/ retrieved on the 06.01.2020.

Vegetation

The vegetation within the city region boundary is remarkably divardbelstudy area we find

the following categories of naturally allant vegetation: primary and secondary equatorial
mountain, forest, high altitude bamboo forest and steppes. However, due to high population
density and a pronounced agrarian sector theta#ign is highly shaped by human activities.
Most of the surfacesieither arable land, planted forest even buildup semipermanent or
permanent. The land cover types, and its classes have been identified using the FAO/UNEP
international standard LCCSassification systenfTable 3.1). Most of the natural (tree and
shrub dominated) vegetation can be found on the border with the Kahuzi Biega National Park,
on steep slopes or on the shores of Lake Kivu.

Table 3.1: Land cover types

Major lan d cover

type Abbreviation Description
SR13H47V Shrub crop, small field, clustered, 1 additional crop, herbaceous crops, ra|
permanent, orcharahd/or other type of plantation
Shrub crop, small fieldsolated, 1 additional crop, herbaceous crops, rainf
SR23H47V ;
permanent, orchard and/or other type of plantation
Cultivated terrestrial Shrub crop, small field, 1 additional crop, herbaceous crops, rainfed,
f SR3H47V .
vegetation permanent, orchard and/or other type of plantation
Shrub crop, small field, rainfed, permanent, orchard and/or other type
SR47V .
plantation
HR3S47 Herbaceous crop, small field, 1 additional creghrub crop, rainfed,
permanent
Shrubs, opegeneral 6515%, sub general height for shrubsd(5m) and herb,
_Natural and . 2SPJ67 (3-0.3m), herbaceous2layer, trees-3 layer
seminatual terrestrial Trees, closed, high, broad leaved deciduous, broad leaved evergreen3ir
vegetation >TCI217 ees, closed, high, broad leave Iayeecr uous, broad leaved evergreen3tre




3 - -
>TPM86 Trees, open general %@,medlulr;yr:lght, shrub-2 layer, herbaceous2
Artificial surfaces 5U Urban area
Inland water 8WP Water bodies, perennial

Legend

Intersection

[ 23pPJs7
25PJETISR13H4TY
25PJETISR23H4TY
2TCI217

B 2TPmaE

I sur2sPJsT

B awp

[l HR3s47

B sRIH4TV
SRATV
SRATVI2SPJGT
SRATVISR2IHATVIZSPIET

A

0 4 8 12 16 20 4 2B 12 3B 40km
I I T T T ]

Figure 3.4: Dominant vegetation in thaty-region (vegetation coddscated in appendix).

Geology and soil classification

Agricultural activities are influenced by the given soils and their propemibgh are
themselves strongly influenced by the local geology. The western branch offtthvéaliRly

borders Uganda, Rwanda, Burundi, Tanzania, and Zambia. Thus, the bottom of this graben is
occupied by the eastern lakes in the DRC, notably Lake Kivu.gfdigen is intersected by
many extinct or active volcanoes (i.e., Nyragongo, Kahuzi, Biegagcially south and north

of Lake Kivu. The city region itself is located on high plateaus. The geology classification is
done based on Lepersonnne (1974) andGlabal and National Soils and Terrain Digital
Databases (SOTER).epersonne, 1977Most ofthe study area is covered by recent, basic

lavas covering the Burundian Precambrian formations. Further, we subclassify in three



different lithology types. Most dhe area relevant for agricultural production consists of basic
igneous rock (IB). In the @stern part, acidic metamorphic (MA) rock is the dominant parental
material. Further, the third category is basic igneous basalt rock (IB2) which is found in a few

areas where the Ruzizi river flows out of Lake Kivu.

Due to the predominant geology, thexee young, fertile volcanic soilis the region In
general, most soils of the region are classified as Ferralsols. The alluvial plains around Lake
Kivu have deepal with good structure in contrast to the soils of the surrounding hills, which
are more shle and clayey. The soils of South Kivu can be divided into four groups: soils
recently formed from volcanic substrates, soils formed on old volcanic substratesetha
predominantly basaltic, soils formed on old sedimentary and metamorphic rocks,alyd fin

alluvial soils and fluvial deposits in the Ruzizi plain.

The abundant soil types in the specific city region are mainly (1) Haplic Acrisols (ACha), (2)
Umbric Ferralsols (FRum). This classification is according to the African Soil Atlas (p.111)
and tke World Reference Base (WRB_96) as the international standard to classi{fFA@ls

2014) The mapabove (Figure 3.4) and the tald in the appendix(Table 9.1)give a
georeferenced description of the abundancechadacteristics of the soil types which can be
found the city region of Bukavu. However, we can codelthat most soils are rather fertile
because of recent rejuvenation by volcanic ashes or mudflow deposits and that these soils have
high organic mattecontent (27%), favorable pH (#) and larger nutrient reserves (0.2% N,
18mgkg* P, 0.8cmolkd) (Ntamwira, 2014)

Topography

The topography within the city region consists of steep slopes and is hilly shaped. This
influencesnot only soil erosionand farm management practices, but also market and road
access and water availability. The flattest arage found around Kabare in the negdstern

part of the study areblowever steep slopes are a serious threat for the city of Bylkausing
significantsoil erosion and landslideghe risks of which are exacerbatagdthe informal and
unregulated wy of constructing houses. The topography correlates with vegetat@nand

thus the flattest areas are the most intensively used agricultural lands wbpeskipes are

either grazed by small ruminants or covered with forest and shrubs.



Historical context and land tenure

One can broadly say that the city regrepreserdthe traditional Bshi lands of the Shi tribes.

Aside from their language,ahi identify strongly with certain types of food production: as
summed up by several informants in stedy of Cox et al. (2012§peing Bashi means cows,

bananas, and hoe farmirRThe same authors further outline the historical corigxaying

that in the 950s, Bashi, still bearing its natural cover of tall grass, already suppd®gd
25persons/kim(Cox, 2012) Utilizing cattle manure as a source of organic fertilifanmers

also planted unfertilized outfields on a shifting ba3ise outfields on less deable lands
(marshland, steep slopes etc.) allowed for greater diversificaif crops under varied
conditions, an important mechanism of resiliefw@n Acker,2005) This farming system was

also reflected in traditional forms of land tenure. From 18 century, local rulers, Bami,

owned both land and livestock. Access wasdeal down through sociahierarchy, regulated

by kinship and clientshigrents had to be paid in labor and or produced agricultural goods. A
long-term, patrilineally inheritald contract known as ¢gkalinzid
and tied tenant® their chiefdom. Meanwhite, for shortterm cultivation in outfields (lasting

for one season to a year), |l andl ords grant e
gkaild neaf fered a source of secure | gprodded or es

extra land for shifting agriculture aea

Between 1900 and 1960,aghi became a center for plantation crops such as cinchona,
chrysanthemums, coffee, and tea. Bystet of the 193Q20,000 hectares of prime land had
been given for plantatis which were managed by Europeans. Most of these plantations were
in thecity region and most often along the roads to Bukavu. In 1985, plantations occupied 65%
of the best landn Kabare Schoepf and Schoepf, 1988, p. L1Zhe cultivation of these
plantations depended on, and created, cheap labor in the city region. However, ofthE0g900
surveyed plantations in Kabare in 1984, only 8,000 were used for commercial cro@ming
Acker, 2005) The remaining, often unproductive, land was rather acquiredsastegy to
monopolize access and to nurture cheap léBarhead, 1990Meanwhile, the population in
Kabare had boomed from B% persons per square kilometer to 230 pex$0ri981: one of

the densest spots in the country.

Current agricultural system and consumption pattern
Nowadays, the economy in the city region and of all South Kivu is still based on the primary
sector of agriculture, livestock, fishing, forestry, anithing, which involves about 80% of the

population and contributes about 5084he provincial GDP. Subsistence farming is the main



pillar for food security in the region and constitutes more than 70% of all farming livedihoo
Subsistence production lmsed on maizeZéa mayy Phaseolus beartiBhaseolus vulgar)s
bananas Nlusa spp. and cassavaManihot esculenfa About 5@80% is produced for
household consumptiomyith only a few crops exclusively aimed for sa|Brigitte, 2010)
Meanwhile, the platations remain conspicuous on the geography of the region; taltlét
inoperative since 1998&hey provide little wage laboropportunitiesin return for their
occupation of valuable lan@/lassenroot, 2007)As a measure of stability returns, however,
the resumption of agrmdustrial activities seems likely, as imet quinquina field®wned by

g PHARMAKI NA 3German ingiatiVeg This is in line with observations from other
enterprises like Nespressoho areinvesting in an initiative fothe revival of single origin

coffee from both KivugNespresso, 2020)

In additionto crop production, livestock is an integral part of the mixed farming systems in the
city region, despite their presently low numbers per housefhéhss, 2012)The small
numbersof cattleis due to land uspressureandbecausehe livestocksectorsufferedheavily

from insecurity in the regio(De Failly, 2000) Cattle theft reached its highest level during the
conflict 1993 which discouraged many farmers. Howevanall livesbck includinggoats,
poultry, cavies, and rabbits, whiane pronoted by local and international NGOs, gradually
replacectattlein the regionThe other animal protein consumed in the city region isffchn

Lake Kivu (i.e., sambaza, haplochromis) andnirLake TanganyikaThe amount sent to
Bukavu ciy is low, however, due to high perishability lack of storage and drying racks, and
poor transport for fishery products. Fishermen therefore usually end up selling fish locally for

a low price.

Table3.2 shows the basic food produtistprovide the population of Bukavu population with

1,027 kcal per person and day. The calories consumed in Bukavu city derive mainly from plant
matter.Foods with the greatest caile contributions include maize, cassaaad beans. These

crops, providing more than 80% ebnsumedcalories, play a strategic role given their
importance in Bukavu diets. In an urban economy where all food products are purchased, the
elimination of bottleecks from production to marketing can improve calorie intAkemal

protein deficits are oftensber ved i n South Kivuds pop-ul atio
sourcel food is not common due to the chronic poverty of the populatiah liamted

availability. In particular, children suffer from the lack of animal protein, reflected in the very

high stuntng prevalence in children under 5 years(#ldndala, 2011)



Table 3.2: Calorific input of staple food by principal source of supply in Bukavu

Total Kcal Total Sources of supply
Supply (gday calories (kcalday'cap?)
Products foold cap) 100 (kcalday d h Ki South
supply (t) g 1caph) Rwanda North Kivu Kivu
Maize 10,015 155.13 363 563.1 372.8 175.9 14.5
Cassava 2,293 35.52 338 120 27.9 38.1 54.1
Beans 3,164 49.01 341 167.1 51.3 114.4 1.4
Potato 1,419 21.98 67 14.7 12.1 2.7 0
Sorghum 911 14.11 361 50.9 37.1 7.0 6.6
Groundnut 1,045 16.19 567 91.8 63.4 6.8 21.6
Sweet potato 97 1.50 101 15 15 0 0
Rice 20 0.31 360 11 0.8 0 0.3
Plantain 24 0.37 75 0.3 0.1 0 0.2
Beef 619 9.59 150 14.4 12.2 0 2.2
Pork 55 0.85 220 1.9 1.7 0 0.2
Total 19,662 1,027 593.5 338.9 924

A lot of the consumed calories originate from Rwanda (593kcal), and North Kivu (339kcal)
while the city region and South Kivu province only provide very few (92ktaB.reason for

the high reliability on imports is because of the inadequate and dilapidated transport
infrastructure within the core and periphery of the city regidnich makes the movement of

people and goods difficult. Further, the persistence of political conflict, especially in rural
areas, has added to this challenge, resulting in decreased crop and livestock production all over
South Kivu. Thus, this decreased availapifior locally produced goods is the reason why
expenditures for food for neagricultural households per month in Bukavu are rather high
(260 USD).Table 3.3 shows these food expenditures for an average householdnanth in

the urban core in the year 2014. Half of the total expenditure is spent on ,ceratgsand

tubers. 30% is spent on anihpaoducts with an almost equal amount spent on fish as on meat.

Table 3.3: Monthly food expenditure of consumer households in Bukavu

Groups Amount (US$) Percent (%)

Cereals 59.15 23
Rice 23.72 9.2
Maize and maize flour 25.46 9.9
Wheat and derived products 5.64 2.2
Sorghum and sorghum flour 4.33 1.7
Roots and tubers andhatr staples 61.71 24
Banana plantain 5.64 2.3
Cassava and cassava flour 15.64 6.1
Potato 9.05 35

Yam 0.03 0
Sweetpotato 4.87 1.9

Peas 0.04 0
Beans 24.74 9.6
Groundnuts 1.39 0.5
Legumes 10.52 4.1
Animal products 79.99 31.1
Fish 33.72 131



Meat 39.15 15.2

Milk products, eggs, honey 7.12 2.8

Oils and nuts 11.73 4.6

Condiments and spices 6.03 2.3

Fruits 4.62 1.8

Sugar and sugar products 2.92 1.1

Beverage, soft drink, juice, bottled 21.65 8.4
water

Total 258.33 100

Crop production in the city region

The bimodal rainfall allows crop cultivation during two subsequent seasons. One season starts

mid-September and ends midnuary, while the other season lasts fromkatruary to mie

June, followed by a short dry period, when farmers stillivaté in vdleys and drained

marshlands.

The best fields are primarily stocked with beamstaple proteirsource The beans are often

intercropped with maize or sorghum, otherwise with cassava omgrader bananad.ess

fertilize fields are allocatetb sweet ptatoes; some farmers do a crop rotation after a year or

t wo . More often, however

sweet

potatoes

wi I(Qox} 2012) The same applies foassavawhich grows even on poor and exhausted soil

and requiredittle water. In addition to tig ability, cassava can be harvested at any time between

8 to 24 months after planting and it can be left in the grasnd buffefor unforeseen food

shortages

To boost the competitiveness of locajricultura value chains, appropriate policies are

required to protect small local industries. For example, imported products are currently cheaper
than local products. Due to a lack of adequate infrastructure, input supply systems and cheap
means of proessing, loal products sometimes even pass through Rwanda before being sold

in the city region. Another challenge facing subsistence farming is plant diseases (development

of banana wilt, persistence of cassava mosaic virus) that significantly reducetjomo@und

cause price volatility in the martse

Table 3.4: Crop production (t) in South Kivu, 2014.

Crop Production
(t)
Food 7,383,063
Vegetables 113,015
Fruits 51,338
Industrial 199,324
Total 7,746,740

ar



Coffee production

With the support of IITA, we conducted Focus Group Discussions (FGD) with cooperatively
organized coffee producers and cooperative managers particularly to gain insigltse

coffee farming in the city region. We found that in Kabare moseeajfowes are smallholder
farmers with coffee fields <lha practicing mixed mtikr intercropping. The upper tier is
occupied with trees providing different agroecosystem goods and services (mainly shade for
coffee trees, organic material for soil impeonent, fuits and wood). The second tier is
occupied by coffee trees and banana stems while vegetables, legumes or tuber crops are planted
in the lowest tier close to the ground. During these discussions, weddaah coffee is often

not the primary sarce of hcome, but that the annual and directly monetized coffee yield
contributes significantly tavery specific expenditure®.g., paying school fees, renovating
houses, or making purchases and investments. The fact that coffee is often not the primary
source bincome makes it partially understandable why currently neither soil amendments nor
fertilizers are applied to coffee trees in the smallholder context. Neverthelesastibe
considered that in term of Kearpydd)dghefewlarget al co
scale producers (either members of cooperative or individuals like e.g., Kivu Coffee with
100ha) contribute in a large part. The three most important coffee cooperatives of &abare
RAEK~2100, TCC~1500 and CPCK~2208 additon ~ 20% of producersn the regiondo

not belong to any cooperativeaken together there are roughiB00 farmers engaged in coffee
farming within the city region. The average yield in the region isBBDkghat, whereby a

farmer planing 1500 coffeeees on one hectare resulting in-2.5kg of coffee cherry per

tree.

The coffee harvest occurs around February every year and is the moshiabsive time

within the production cycle. The red and ripe cherries are handpicked and t¢artisel
cooperéive washing stations where thegrt, wash, and husk the best quality cherries. The
green coffee beans are then dried in the sun on dry racks. The limited number of coffee drying
racks(550USD for one rack 8mx5myasmentioned to be one dié¢ bottleneckfor not being

able to process more of the harvested coffee. Once dryetnesare brought to Goma for
hulling, where the endocarp is separated from the dry parchment coffee in threshing machines
to obtain green coffee, which is then ready éxport viaMombasa. The poorer quality of
coffee cherries rejected by the washing stations is sun dried and then often informally exported

by pirogue to Rwanda.



Input costs for agricultural production

Most farmers have no access to improvadeties ad are very imited in their possibilities to
improve soil fertility. Manure is only available very locally and in limited quantities and
synthetic fertilizer is practically absent. The cost for synthetic fertilizer purchase within the city
region by a loal stockist n Bukavu is estimated 75USD for a 50kg k&ypers, 2011)
However, pressure on land is very high due to high population density in the territories near
Bukavu and justifies agricultural intensification and investment in soil produc{®itgers,

2011) Pypers et al. (2011) valued hired agricultural labor at a wage of 0.76USD (1500FRC)
for a 6h working day.

Livestock production in the city region

Livestock is an integral part of the mixed farming systems in the region of South Kivu province,
despite theipresently low numbers per househditie city regiononly ha small numbers of
cattle because of the pressures on I@rable 3.5). It should be noted that the relationship
between farmers and herders in South Khas never been good, with disagreements
sometimes ending up in court. Additionally, aret@ding to De Fdly (2000), the livestock
sectorin South Kivuhas paid a very heavy price given the insecurity that has prevailed in the
region since 1993Cattletheft reached its highest level duringstheriod,which discouraged
many farmers to engage in livestocknféng. However goats, poultry, cavies, and rabbits,
which were promoted by local and international NGOs, gradually reptattéein the region

This livestock is often kept as an asset and for cash income generation and household reserves
and not too meh for consumption. In a study by Maass et al. (20bP3rviewees consumed
only about 2840% of their livestock production. Pigs and goats werstipgold, while cavies

and fowl were about half for consumption and half for sale.

The need for cash dides strongly the timing of sale, especially, to pay school fees at the
beginning of the school year in September. Most of the largest cattle dweers Bukavu

and use cattle as an investment for income from other business activities such as mining or
transpot. They keep scores of animals on dedicated ranches or communal pastures far from
the urban core. They seldom sell cattle unless forceadbusually leave milk and manure to

the employed herders. Livestock prices have recovered in South Keeeintryears, and cows

are now valued generally at around USD 250 in the village and USD 300 in Bukavu.



Table 3.5: Livestock in South Kivu, 2014 (source: IPAPEL, 2014).

Livestock Count
Cattle 448,116
Fowl 567,710
Goats 470,669
Cavies 362,689
Rabbits 109,777

Pig 91,631
Sheep 77,404
Total

Culturally livestock has a high importance within the cggion. Bashi custom dictates the use

of cattle for two significant exchanges: bride wealth and buying land. Some land deals are still
made with cattle. Cash is accepted as well, but few farmetsradate sfficient quantities

cattle areused as a prinmg source of capitalThe symbolic weight of cows as bride wealth is,
however, much greater. According to Cox (201
asinglecoworevenacalftothebde3s family while this is of
six goats. Thus, goats have taken to some extent the place of cattle in every arena but marriage,
and even here many families now offer a few goats alongside a single requisite cow. Pigs,
however,are culturally seen as a dirty animal, so its meat isdegensive compared to beef

and goat(Klapwijk, 2020)

Major issues of animal husbandagerelated to epizootic diseases and lack of feed resources,
particularly in the two dry seasofiKatunga, 2014)Lack of feed or forages unrelated to a
particularlivestock species. The potential introduction of improved forage is challenged by
their dryseason tolerance, compatibility with cropping on smallholder faamsd peopl e 3.
acceptability to cultivate forages. Animal husbandry in the city region and dverg\else in

the province is gradually moving towards stall feeding, due to demographsuesnd
scarcity of collectable foragéBacigale, 2014)While the contribution of nutrients from one

or a few cows may not be enormous, given the poverty afdth@nd few alternatives, cattle
manure is becoming one of the most valuable resourcesahKivu and Cox (2012) even
compare it with other valuable resources as coltan and gold. Since cattle manure is in limited
supply, farmers who have it use it fiend foremost to bolster yields on their better fields and

any cash crops they may be grogriHowever,it is not too ofterutilized for coffee plants



3.2 Arba Minch, Ethiopia

Characterization of the Study Area

Mean annual rainfall in the cigegion is 98 mm. The rainfall season is from May to October
and has two peaks (May and Augystipure3.5). Mean temperature is 19.9 °C, with monthly
values ranging between 17.7 °C in July and 22.1 °C in February and Maodrdig to King,

(1979 and Zebire et al (2019), qThe geol ogy al
from Miocene to Pleistocene deposits. The basin being part of the rift valley was formed by
volcanic activities in the Rift Valley during the patiof Pliocene and Holene. Accordingly,

it is believed that ancient basement rocks lie under the whole Rift Valley. The parent materials
of catchment are alluvium along river and lacustrine along lake which are derived from the
rocks (King and Birchall 185; GME 1975). The patn of topography of the catchment is
composed of flat plain in the west around Lake Chamo and the Rift Valley escarpment hills in
t he we st Farfudherrdetailsoh theRgeomorphologoly and soil characteristics of the
Arba Minch area, please refar Verner & Mergessa (2018).
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Figure 3.5: rainfall and temperature patterns in Arba Minch, Ethiopia

Apportionment of land for crops and cropping systems

This production systems studgcuses orlowland agricultural areas within the city region
boundary(Figure 3.6). Farming within the lowland agricultural zones of the city region has
evolved raplly in recent years, with many farmers switchingni annual to perennial crops.
Perennial plants that are commonly grown in the area include baviasa $apientuiy mango
(Mangifera indicg, and coffee Coffea arabicha Commonly grown annuals include ima

(Zea mays} teff (Eragrostis tef and cotton Gossypium hirsutujn Findings from qualitative
interviews conducted for this report, in combination with several reports conducted by students
during a field course conducted in 2017, identified that nerstdrs in the area cultivate an



area between 0.73.5 ha. The almost universal shift towards perennial crops such as banana
and mango is largely due to an increased focus on high value cash crops, of which banana and
mango are of the fruits of these pwnffen years ago, there was no banana or mango
production. All interviewed farmer has banana today, and half of them has also mango.
However, there is a still farmers produce crop for their own subsistence, besides cash cropping.
These crops are mainly rzai and teff, which are produced duringeher(main cropping

season) andelg (the second cropping season). Nowadays the main featlsarly on cash

crops which are financially more beneficial for the farmers. The most important crops in Lante
and Ganta Kanchama are banana, mango, maize, beans anbisetifaisfer is dependent on

the irrigation canal, ensuring a higher and mel&able water supply which results in better

yields

Cropping System refers to the crops, crop sequences and management techniques used on a
particular agricultural field ovea period of years. It also includes all spatial and temporal
aspects of managjran agricultural system. It is designed to maximize yield production. Mono
cropping, intercropping and mixed cropping are the most common cropping system used in
Arba Minch Cily region RUNRES intervention area. Meampping system is the agricultural
practice of growing a single crop year after year on the same land, in the absence of rotation
through other crops or growing multiple crops on the same land (polyculture). Nfze,
cassava and mango are the most common crops grown usinecnopping tebniques in the
intervention Kebeles. An intercropping system is the cultivation of two or more crops
simultaneously on the same field. Mango and banana, cassava and bandre andiaaricot

bean are the most common combination of crops grown usingcthisique. A mixed cropping
system is a system of sowing (growing) two or more crops together on the same land, one being
the main crop and the others the subsidiaries. Mangoara, coffee, papaya, moringa,

avocado, cassava, maize etc. are common cropsgusing this techniques.
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Figure 3.6: Arba Minch city region low land agricultural zones.

Cropping System refers to the cepgrop sequences and management techniques used on a
particular agriculturaliéld over a period of years. It also includes all spatial and temporal
aspects of managing an agricultural system. It is designed to maximize yield production. Mono
cropping, inercropping and mixed cropping are the most common cropping system used in
ArbaMinch City region RUNRES intervention ar€bable3.6). Mono-cropping system is the
agricultural practice of growing a single crop yaéer year on the same land, in the absence
of rotation through other crops or growing multiple crops on the same land (polyculture).
Maize, teff, cassava and mango are th@sihcommon crops grown using meapping
techniques in the intervention Kebelds intercropping system is the cultivation of two or

more crops simultaneously on the same field. Mango and banana, cassava and banana or maize



and haricot bean are the ma@simmon combination of crops grown using this technique. A
mixed cropping systens a system of sowing (growing) two or more crops together on the
same land, one being the main crop and the others the subsidiaries. Mango, banana, coffee,

papaya, moringayacado, cassava, maize etc. are common crops grown using this techniques.

Table 3.6: Harvest periods and average household yields for key crops in lowland agricultural zones

Crop Harvest Period Averagevyield kg household! year?!
Banana Upon ripening (year 3222
round)
Mango May and Decmber /
Maize May and December 392
Teff June and December 64
Coffee November /
Papaya Every 2 months 100
Avocado June /
Lemon November January /

The agricultural yields are an important outcome of the cropping strategies and the allocation

of inputs and land for specific crops. based on farmers estimation average yields of banana is
5405 kg/halyear, mango 2642 kg/hal/year, maize 3467 kg/ha/yéab0@ kg/halyear,
haricot/ common bean 1285 kg/ hal/year .sofhe yi
their land size and harvest and might thus be very rough approximations. to check whether
farmers estimation is correct or not triangulation withiameal average yield considering

varietalissues isrery important, but due to time shortage we faitedo so.

Farm power used in within the city-region system

Large ruminant animals such as oxen are mainly used to plow agricultural fields.
Transportabn of equipment and harvested and they consider them as tractor and also equines
like donkeys are usddr transportation. Mostly male donkey are used to pull carts and they
help to transport fresh harvest from farm land to home and home to markettptaoshile

female donkeys are used for biological reproduction and to transport small quantities for
household consumables like water from different sources, flour from mill houses and etc. Not
all, but some farmers with small numbethoiuseholdsnay erounter labor problems because

as user for irrigation for their farming, farm activities gearroundactivities in these areas

and may weeding, intaultivation and harvesting calls labor simultaneously.



Common Agricultural practice and access to rural institutional service

Agricultural activity isyearroundjob in these areas because most fasmaee cultivating both
perennial crops and annual crops. Perennial crops are crops developed to reduce inputs the
need to replant crops fromaeto year. Perennial cropping in these kebeles can reduce topsoill
losses due to erosion. The following cropshiese kebeles can be classified under perennial

crops: mango, banana, avocado, papaya, coffee and lemon are perennial crops.

Annual crops arelants with a life cycle that lasts only one year. They grow from seed, produce
seeds, and die in one growing s@& Then, they need to be replanted each spring. The

following crops can be classified under annual crops of RUNRES interventions Kebeles:
maize, teff, haricot bean and elephant grass are annual crops. All crop cultivation activities

from land preparatioto harvesting is done manually in the intervention Kebeles.

There is an extension program in RUNRES intervention rural Kebeles, of whicffiteei®

located next to the Kebele Administration office with the same gate. The program is led by
developmentagents who have trained animal science, plant science, and natural resource
management either in diploma or degree and working as expertsgiVealifferent trainings,

which are related with agricultural activities to the farmers. Most of the farmeisigate in

extension program. The extension worker may visit the farmer weekly, every two weeks,
monthly or yearly. Each Kebeles hasplotseeall ¢ f ar mer training center
abbreviate its name, on which extension workers demonstratedeeh to the farmers during
BelgandMher seasons. This could be considered as a transforming structure from the public
sector and creates oppanities for farmers to gain practical knowledge from Development

agents practically.

Omo Microfinance is theationalized institution present in the kebeles office where people
usually save money and ask for credits because there is no other bank institution. The condition
for credits is to have saved more than ten percent of the wholsaofdhe credit and thave

an ID card. Another important rural service provider institution is the cooperative. It helps
people to access the market of the big cities to sell their cash crops. Both Lante and Genta
Kanchama Kebele have cooperatives, kgoonly with fruits likemango and banana. Each
member of cooperative are basically obliged to sell all their production to the cooperative but

are assured of constant prices.



Access and control over agricultural land

In Ethiopialand is belongs to theogernment, but the farmernn RUNRES intervention
Kebeles received official certificates which gives them authority to use, rent and inherit to
their off-springs/next generation, they cannot sell even their certified farm land to third body.
The averagéand size of the sampldtuseholds is 0.73 ha. On the escarpments there is still
communal land used for grazing and forests. This communal grazing land is meant to be really

large in area so no apparent overgrazing has happened so far.

The big issues [l households are strugw with there is building strong social capital. An

important part of social capital is their network of friends and neighbors, people with whom

they have social relations and who can help them when they are in need. Interticpapés

stated that pmple in RURNRES intervention rural Kebeles are always helping each other by
contributing in kind and/or cash and time to realize comment development goals of community.
Besides their social relations, membership of social and/onogaic groups is also an

i mportant aspect of the peopled3s soci al cap
formed by the members of the cooperative. Members have better access to markets for their
produce and they get a share of the profits.

The male/husband in maleaded household is usually carrying out most field agricultural
production related works and tasks. Female/spouses job is limited to reproductive (biological
like child bearing and management) and householdreomnerative job ke kitchen,
cleaning, cdecting fire wood, fetching water,etc not income bringing activities).

Livestock production

There are three main agricultural strategies which can be used alongside each other in the
households. They are subsistence farming, cagtping and livestock. average number of
livestock ownership ranges from no livestock ownership to four livestock. Animals are mainly
used for manure and ploughing farm land, transportation and as a food resource. Using animals
as a food resource is risk reducing strategy vem (cash) cropping yields are insecure,
especially for during the dry season. The two main livestock management system observed
were zero grazing and grazing on communal lands. In zero grazing (cut and carry) system,
animals kept ahome and get fed withr@p residue or tree leaves. When animals get ill,
veterinary services and medicines are commonly purchased. However, animal disease was still
often mentioned as important problem, especially when households have no resourges to bu
medicine. Most farmensear local cattle breeds due to resistance to hardship like drought and

disease.



Challenges to small holder production
Most common agricultural production related problems and farmers coping mechanisms are

discussed below:

Soil slinity: The irrigation vater does not only provide water to the crops, it also deposits
solutes. Because the study area is located in an alluvial plane, the soils in the area are influenced
by the presence of fluvic material. Soil samples taken by KULENMArba Minch and ETH

Zurich for field course, analysis shows that all samples have pH values between 7.27 and 7.88
in the topsoil. This pH is an indication of a high base saturation. The highest pH values were
found on sites close to the lake. Over iatign leaches out the siés present in the soil and

in the irrigation water itself. The higher base saturation in the drained soils close to the lake
can be explained by a net upwards movement of water in these soils due to capillary rise. This
is possilte because the water tabs close to the surface, at about 50 cm depth. When the water

evaporates on the surface, it leaves behind the solutes.

Pest and diseaseme also important for farmers because two third of them are facing these
problems. For bama and mango, some farreeare facing diseases without any use of
pesticides because they dond3t have the infor
how to deal with it. One farmer told us that he burns infected plants. On the other hand, for
maize every farmer facing peproblems is using the pesticides proposed by the government

even though they were not very efficient for the farmers.

Another agricultural production problemssil erosion Farmers in Lante use Baso river, while
Farmers in GeatKanchama use Sile riviar irrigation. When rain is abundant, the river must
transport more water to the lake. This bigger flow can cause flooding. Sometimes both Rivers
may broke river banks and change its course to that of an irrigation canal, leadingajor

flood. Floodng is one of the major concerns for the agricultural production in the kebeles. to
cope these problem most of the farmers using stone bund or just like terracing and check dams
to prevent soil erosion when they face heavy raiaxlifeg to soil erosion. Riing stones or
terracing reduces both the amount and velocity of water moving across the soil surface, which

greatly reduces soil erosion.

Fluctuations of the input and output markbtost farmers buy their agricultural inputs,cbu
as fertilizers and seés, from the government through Omo Micro Finance. Fertilizers are very
important in the cultivation of teff and maize. However, over the past years the prices of these

inputs have increased a lot and many farmers no longer hax@pacity to buy the inps.



Furthermore, there are also price fluctuations on the output market. This is especially important
for the cash crops cultivated in Lante, namely banana and mango. Farmers are dependent on
the prices of the market in Addis Almbnd price insecurity ndead to suboptimal production

levels.

As copping mechanism, some of the farmers mentioned that one of the reasons for their shift
from seasonal crop production to perennial was the increase in the price of fertilizer (Dap,
Urea) which needs to be us&dhen cultivating seasonal crop production like maize and teff.
Also to cope output market fluctuation most farmers joining primary cooperatives and they
reported that being cooperative membership increased bargaining power wheuhby

their output tanarket.

Rainfall Fluctuation: experienced farmers said that the area raiifalecreasing from year to

for the last ten years. This decrease is one of the main constraints for productivity. It has the
greatest effects on farnsewithout irrigation bustill impacts those who do have access to it.
Following this there is a clear difference of value between irrigated and non irrigated fields.
Farmers shifted to irrigation utilization to cope this problem. Irrigation can be sean a

transforming structa, allowing people to cultivate crops that need more water



3.3Kamonyi, Rwanda
Biophysical Characterization

Topography

The elevation in Rwanda is variable, ranging from 500 t®@0(&n above sekevel (Figure

3.7). However, in Kamonyi district the elevation is betweet00 and 1700 m above sea level.

The eastern and northern parts of Kamonyi are aedupy the valley of Nyaborongo, which
peaksin j uru rya Kamonyi ,andthe layw€stipgnints aleand iMkkonae n g a R
ka MashyuzandMukunguri(Kamonyi District Muncipality, 2013) Elevation affects spatial
temperature variations and rainfall patterns, with cooler tempesah@ieg experienced in

higher elevations, and orographic rainfall occurs in mountainous areas where moist air is forced
to rise high up the puntain and condense. Therefore, crops such as Irish potatoes, tea and
coffee can successfully be grown in coolexas while crops such as banana and cassava thrive

well in lower elevations, where temperatures are relatively higher.
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Figure 3.7: Topographic map of Rwanda (Ngarukiyimana et al., 2018).



Soil classificadion

The Rwandan soils classification map repor{€igure 3.8), shows that the country is
characterizedoy a by wide range of soils formed from differences in parent materials,
anthropogenic activities, climaticonditions, topography and vegetation aoyEood and
Agriculture Organisation, 2001lowever, Kamonyi district has four common soils, which are
acrisols, érrasols,lixisols and cambisols(liyama et al., 2018)These are described in the

following sections according to tf@od and Agriculture Organisation (2001)

Acrisols

These are soil profite that have been modified by climate and are dominant in tropical
monsoon, sultropical and warm temperate climates. The soils are generally acidic with low
base saturation, originating from acid weathered clay soils, and theycauadésgoing further
degradation. They are found on old land surface with undulating and hilly terrains, and light

vegetations.

Ferrasols

These are generally red and yellow soils due to high percentage of sesquioxides (aluminium
and iron minerals), exctively formed in humidtropics. They originate from strongly
weathered material on old stable geomorphic surfaces. These have good physical properties
but are chemically poor, hence they need constant liming and fertiliser application for
sustainable agridture. The soils argenerally poor due to high P sorption and Al toxicity;
therefore, theyavor acid tolerant crops such as rubber.

Lixisols

It is a group of soils which are generally strongly weathered, in which the clays have been
washed and accumual to a certain sodlepth. The soils are found in tropical, subtropical and
warm temperate climates dominated by dry season and on old erosional surfaces. These soils
have a better moisture holding capacity compared to acricols and ferrasols. Their major
advantage is low Alaxicity due to higher pH but since they highly weathered, they are low in

nutrients, hence extensitertilizersare required when growing crops in such soils.

Cambisols
These are widely distributed in all climates. Their beginnimgizbn differentiationis
characterizethy changes icolor, structure and carbonate content. The minerology consists of

medium and fined textured materials derived from a wide range of rocks such as alluvial,



colluvial or aeolian deposits. They have atrauto weak acidityslight fertility and active

microbial activity.

Reference Group

[ Acrisols
- Alisols
I Andosols
- Cambisols
- Ferralsols
- Histosols
Lixisols
- Luvisols
Nitisols
Regosols
[ Solonetz
B Vertisols

Island

[Tﬂf] Lake
- Marshes

Figure 3.8: Soil classification map for Rwanda showing different soils across the country. Map adapted from
Jones et al. (2013).



Slope

Land slope is onefdhe factors, together with rainfall intensity, soil properties (soil texture,
drainage and hydraulic conductivity) and agricultural management prattatesntribute to

soil erosion. Soil erosion facilitates the loss of nutrients (especially pat#icR)a which
pollutes nearby surface water resources. Rwanalads erosion prone countrgharacterized

by large aremwith a slope of >10%Higure 3.9) and this this has been confirmed in district
reports(Kamonyi District Municipality, 2013, 2019)Therefore, in such areas, sustainable
erosion control practices duas terracing, mulching and production of trees are recommended

(Nambajimana et al., 2019)
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Figure 3.9: The variations in slopes (%) across different diggiof Rwanda. Adapted from Nambajimana et al.
(2019).



Soil texture

The reportedariations in soil textural classes across Rwanda shows that the largest proportion
of the country (54.43%) is dominated by clay soils with >38% dragufe 3.10). Kamonyi

district is one of the 13.57% areas dominated by sand clay loam soils, which are deemed most
fertile due to a combination of clay properties (good water and nutrient retention capacity) and
sand properties (goocemation, drainage anchimpeded root growth). Plamgrown in such

soils have enough moisture and nutrients available for plant lgreamtl good drainage
promotes good root growth and allomadequate distribution of water and nutrients in the soil.

Therefoe, a wide range of plés can be grown in sandy loam soils, and these include root

crops, tubers, vegetables and even fruit trees.
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(Karamage et al., 2017)
Geology
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Rwandan geology is mainly characterized by the Precambrian metasedimentary rocks which
are mostly sandstones, quartzite and shales intruded by gr@figase 3.10). The schists,
micaschists and quazites are partly found in Kamonyi Distviute the granitegneisses rocks
dominate the area. Due to the nature of such rocks, fractured and semi permaébie ag

commonly found in Kamonyi
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Kamonyi climate

The climate oKamonyi reported inFigure3.12, shows minimum variatios in temperatures
across the year with a range betweet8Q3C. These temperatures allow protioic of various
subtropical and tropical crops due to predominantly fiest days. In addition, the rainfall is
very high from September to May, the highesing experienced in April. Low rainfall periods
are Jun@ August considering such rainfall reges, irrigation requirements are generally low.
A total annual rainfall of D99 mm makes theity-regionsuitable forthe production of even

crops with high-water requirements such as banana.
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Figure 3.12: Rainfall and temperature Kamonyi district Rwanda (ClimBtga.org, 2019)

Spatial distribution of vegetation

There is variability irthe spatial distributiorof vegetation biomes across Rwantlae natural
vegetation cover ranges from savar(eas} to tropical mountain forest and Afralpine
moorland. According tdNdayisaba et al. (201,7Kamonyi is dominated by 500 % mosaic
vegetation and 260% grassland or shrubland or fordsig(re 3.13), which ischaracterized

by natural and planted forestry, and agroforestry crops including grevillea robusta, coffee,
avocado, erythrina and pinu@amonyi District Muricipality, 2013) Historically, Kamonyi



vegetation was a shrub savanna, however this has been eliminated by populationsjncrease

which haveresulted in replacement of natural forests with agricultural activities.
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Figure 3.13: Spatial distribution in vegetation biomes of Rwanda. Adapted from Ndayisaba et al. (2017).



Rwanda agroecological zones

An agroecological zone is defined as a land resource mapping unit tizsedn landform,

soils and land cove(FAO, 1999. The agroecological zoning provides a specific range of
potentials and constraints for certain land use. Rwaondaprises sixagroecological zones
Buberuka Highland, Eastern Plateau, Eastern Savanna, Congo Nile Crest, Plateau and Collines
and Vdcanic Highlands Figure3.14). Kamonyi is in the Central Plateau (Plateau and Collines),
which ischaracterizetdy annual rainfalls of betweern0D0 and 500 mm(liyama et al., 2018)

Legend

E Buberuka Higland
- Eastern Plateau
[:] Eastern Savanna

= ] Congo Nile Crest

- Plateau and collines
I Voicanic Highland

km
100

Figure 3.14: Six agroecological zones of Rwanda, adapted figama et al. (2018)

Crop production systems
The common agricultural activities include production of cas¢shzaihot esculentg banana
(Musa parasidiacp coffee Coffee arabic bush beanshaseolus vulgar)sand rice QOryza

sativg. Locallivestock production activities include grazing of cattle, pig and goat.

Cassava is a valuable, drought tolerant food security crop grown mainly for its atérotgh

the leaves can be used as vegetables. Cassawe pescessedinto flour, whichcan be used

for various purposes such as bread production or cassava meal. In addition, cassava is an
industrial crop that can be processed into starch, and subsequently used for pharmaceuticals or
textiles. Despite good climate, soils amhilable techniges to improve crop yields, cassava



production is mostly affected by short postharvest life, hgrsfeuld be processed as soon as

possible(Nduwumuremyigt al, 2016)

Banana is a subtropical crop, which requires high temperatures, frost free days and adequate
water to grow wel It is susceptible to various diseases including root rot, which is caused by
poor drainage, hence the sandy loam soils of Kamonyi support its production. The crop has a
long growing season, ranging from-18 months, being faster in tropical than supical

climates. However, during the growing period farmers have options to intercrop it with other
crops such beans, maize and vegetables. The banana contains high starch content when not ripe

and this can be cooked and there are options to dry and gemdrto flour.



Table 3.7: Summarise biophysical and farming characteristics of six agroecological regions of Rwanda and common crops grown in suakear Adapted and modified
from liyama et al. (2018)

Biophyscal characteristics Farming characteristics

Annual rainfall Soils (FAO

Agroecological zone  Elevation (m) Temperature (°C) Principal crops Animals

(mm) classification)
Ferrasols, Regosols Banana, cassava, Free arazin
A (Eastern savanna 1 2061 400 800-1 000 >21 Vertisols,Acrisols, maize, bush bean, 9 g
- : cattle ranching
Histosols rice
B (Eastern plateau) 120061500 800-1 000 2021 Ferrasols Ba_nana, cassava, Cattle and goats
maize, bush beans
Allisols, Ferrasols, Wheat, maize Zero grazing
c (_Buberuka 1 9062 000 1 2001 300 1518 Luvisols, Histisols, climbing beans, tea cattle, sheep anc
Highland) Regosols, .
Irish potato goat

Cambisols

Irish potato, wheat, Free au zero

D (Volcanic 2 2002 400 13001 500 <15 Andosols climbing beans, ~ 9razing cattle
Highland) . ranching, sheep
maize, pyrethrum
and goat
Ferrasols. Acrisols Cassava, banana, Zero grazing of
E (Central Plateau) 11001 700 1 0001 500 1820 L ’ . coffee, bush beans cattle, goats and
Lixisols, Cambisols ; ;
rice pigs
Cattle free
F (Congo Nie 1 9002 500 1 300-2 000 <1518 Luvisols, Acrisols | o2 ¢offee, lrish grazing and zero
Crest0 potato, wheat grazing sheep,

and goat, pig




Agricultural Production Characterization

RUNRES scientists conductedclus groupdiscussios to understand the food production
systems in Kamonyi district. Thresgriculturalcooperativs participatedincluding Comaleka
cooperative, KOPABOKI cooperativand KABIYAKI cooperative KOPABOKI in full is
cKoperati ve y3AIKagusd mmdiopeftesn Kambnyi blistrict, Nyaruaka

sector. It has 107 members including 87 women and 2(Figure3.15). TheCOAMALEKA
cooperative cmes fromKarama sector of Kamonwgind it ha 14 participant$6 women and 8

men) . The KABI YAKHD ahiiKopierBdhivrega 3IAbi gor i nal

Yanza na Kibuza wosin Kamonyi district Gacurabwenge sector.
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Figure 3.15: Members of the KOPABOKI cooperative who participated in the production systemssgroup
discussion.

Land tenure

Land tenure refers to control over resources and how people hold on to exclusive rights of that
land or natural resource. This has implications on the investmentsrdthreg area, which if

not taken into considerationan affect the resilience of food ségms. The focus group
discussios showed that farmers from the hillsglef Kamonyi own their farmlandandthey

have title deeds. They rent extra land from wetlands and other farmers who are not using theirs.
The rente lands from the wetland belongs ttee government and a contractual agreement

between the farmer and the district council is done, and an annual fee must f@apaats



from farmlands can decide on crops to grow since they a full control of the ansavéip

those in wetlands should cariswith the district on which crops to grow.

The f ar me rolehfragnemedlis wasreperted that farmertypicallyown 35 plots

which are generally smalQ.1 ha per plot), totalinground0.5 - 0.6 ha peifarmer. Some
farmers especially woran, reported that they have fragmented land since they inherit some
other portions while staying in their matrimonial homes. One of the challenges is that the
farmlands are not within the homesteads, hencerthestwalk from 10 minutes to 2 hours in

someareado cultivate their land

Apportionment of land
During the focus group discussion with various cooperatives, it was found out that there is a
diversity of crops grown by various cooperative across Kamonyi disthetcrops commonly

grown aresummaizedin Table3.8.

Table 3.8: Crops grown by various cooperatives in Kamonyi district.

Comalekacooperative KOPABOKI cooperative Kabiyaki cooperative

Common bean, Maize, Sorghui
Cassava, Irish potato, Sweet
potato, Soybean, Groundnutg

Garden peas, Banana, Tomato

Banana

Maize, Soybean, Cassava, Swee
potato, Banana, Beans, Ground n
Coffee, Irish Potatoes, Pineapple

Cassava, Svet potato, Beans,
Maize, Irish potato, Ground nuts
Banana, Vegetables, Spices

The farmers from three cooperatives prachoth monoculture and polyculturagriculture
Monoculture refers to thproduction of one crop spesiat a time while polyculturée.g.
intercropping) is the production of two or more species on the same land at the same time.

Monoculture and polyculture systems can be rotated when crop rotation is being done.

Participatingflarmers shared thattiercropping agricultural producti@ystens arepracticeson

the hillsides,whereas the crops in swamps are monocropped. The mostly intercropped crops
are cassava with beans, sweet potato, Irish potato, groundnuts, soybean or gaslen p
According to KOPABOKI farmerscrops grown in monocpsysters include coffee that is

grown for three years, cassava (farmers with large land) and vegetables. The farmers prefer
different systems for various reasons. Monocropping systems allow thessitp implement

the correctfertilizer management progmas, since they can quantify specific amounts of
fertilizer for a specific cropIn addition,they find pest and diseases managemenereas
monocropped system3hey pointed out that crop yields monocropping systemare often

higher, which is expectdaecause of less competition between different plant species.



Intercropping allows them to grow a diverse range of crops at the saméotimaximizeand
efficiently utilize land available, whichsibeneficial in land limited areas. Some farmers grow
crops in intercrops because of traditional norms to continuously grow their common crops such
as groundnuts, sorghum, sweet potato and garden peas. However, the major challenge is that
yields are relatiely lower because different crop species compete fouress such as water,
nutrients and even sunlight. Therefore, farmers in land limited areas would benefit from
RUNRES innovations dealing with nutrient ridertilizers by growing as much crops as

possible over a small area with adequate resources torsaetbiertility.

Some farmers practice crop rotation, whereby annual crops such astetali®ved by maize

or sorghum or cassava or Irish potato. The minciple tenebf sustainable agri¢twre, which

helps control pests and diseases becausereliff plant species are attacked by different pests
and diseases. However, this was not the case with other farmers who pointed that vegetables
such as tomatoes are rotated with eggplants, whichlangs within the same family.oBe

farmers reported grawg crops such as coffee and ratgtit with cassava aftethreeyears

Institutions

The interviewed farmers reported that the farming system in Kamonyi is well institutionalized.
The members are affiliatedith various cooperatives, which are KOPABOKIQAMALEKA

and KABIYAKI. Within the cooperatives, farmers are responsible for crop ptmfuand
supply of inputs. The farmers benefit from cooperatives and various institutions in various

ways:

1 Training on modern farming methods and technologies (cafdagitying)
o For example, institutes such as COCOF and IMPUYABO provide farmers with
gualty seed and agricultural training.
o RDO assists in training on sustainable gumtvest handling and storage.
1 Improved access to markets and collective marketing otpeod
0 SEAD is responsible for exchange visits with farmers, good agricultural practices
and marketccess.
1 Health insurance for cooperative members.
1 Advocacy with donors and collaborators from outside the community.
0 SACCO and ICCOTRIFINA are responsible faroviding loans and creation of
group savings for investments athelvelopment.

o PASP helps in collaboration with BDF to avail the funds for small scale processing.



Access and control of farmland activities from procurement, cultural practices, haryvasting
marketingis usually controlled by cooperatives. However, farsmeported hawmg control of
all operations they do on their farmlands, but they have no control of operations on wetlands.

Decisiors on cropping systems or crops to be grown on wetlaoogs from the district.

Farm power

Agricultural production systems Kamonyiis rarelymechanized. The farmers do not own or

rent machinery for agriculture, and the government does not prtuglservice Therefore,

most operations such as ploughingeding, plantingand harvesting are done manually using
implementssuch as hand hoe#. principle challenge faced by farmers lgbor, especially

during critical periods such as land preparation, planting and harvesting. Some farmers do not
have enough mmeey to pay fotabor. Laborshortags affect crop productivitysince sometimes
planting operations are delayed, resulting in crop failure and relatively lower yields. Some

farmers may not plant at decause of these constraints.

Agricultural cultural p ractices

Land preparation is done by any adult household membég émd female) when they are free

In someinstanceslabormay be hired. Land is prepared in July and August (1 to 3 months after
crop harvest) for the first season and January (secosdrge&owing on the hillside is done

manually by women.

The use ofocally sourcedertilizers to improve crop yields from nutrient depleted soils is one

of the RUNRES aim Currently the farmers in Kamonyi asvarioustypes of organic and
inorganicfertilizersfor crop production. Organiertilizersused includdothlivestock manure

and toilet manure (decomposed waste from pit latrines). The use of decomposed pit latrine
manure shows that there is an element of human excreta recycling currently beeng do
Kamonyi. The farmers have leachhow to use toilet manuredm the training conducted by
prisoners from Muhanga prison. However, the inorgéeridizersused include diammonium
phosphate (DAP), ureaand NPK compoundertilizer (17:17:17), whichaccording to the
farmers, were recommended by extension officers and various organizations (RAB, Ingabo,
CEFOPEC, ICCO, SEAD, RDO and RWARRMell decomposed rganic fertilizers are
applied before plantingat a rate of 10 tons per hewaEarly applicatbon allows organic
fertilizers to mineralize and providethe crops with required nutrients at the right time.
Inorganic compountertilizers(DAP and NPK) are banded in rows at planti@gerapplication

of organic and inorganitertilizers can cause pollin, especially in runoff prone fields of



Kamonyi. Thereforefertilizer advisory services provided by various extension officers, NGOs

and cooperatives makes agricultural production in Kamonyi environmentally sustainable.

Irrigation is more prominent iwetlands areawhile the farmers on hillsideproduce dryland

crops. Vegetables are irrigated in farms near the wetlands and on the $)¥dide maize is

only irrigated on the wetland&ne focus group discussion witdrmers repoddthat water is
aqquired from the rivers but most of it come from wetlands and the longest distance to the water
source is about 45 minutes and this is supplied through canals. The rivers found in Kamonyi
are perennialtherefore water supply for irrigatn is available allyear round. On the other

hand, sewage wastewater is not being used for irrigation, but some women highlighted that they
use greywater (from washing and households) to irrigate their gardens. There are different
methods used for irrigay crops, these alude watering cans and basins. The use of watering
cans poses health risks if sewage wastewater is used to irrigate crops that are consumed raw.
However, farmers have confirmed that the water used for irrigation is coming from clean
souces such as wetlds and rivers. This implies that if RUNRES innovations producing
blackwater are to be implemented, intensive farmer education on health and safe methods for
irrigation with wastewater are required. Farmers do not use any herbicidestna eeeeds,

but they do regular weeding using hand hoes. Durimglater stages when crops are bigger

hand pulling can be done.

Improved hybrid varieties give higher yields compared to recycled planting materials. Farmers
in Kamonyi have access to hyisi seeds, and sonmae using them in their fields. The
availability of improved planting materials is supported by various institutions such as COCOF.
There are few farmers using recycled unimproved seeds, whichfavey for certain
characteristicssuchas adaptability athresistance to diseases.

Yields and outputs

The estimated yields obtained by farmers for various crops are desorikaue3.9. Yield for
crops such as maize (4 tons per hectare) is which is within the radg2®%6.5 tons ha
reported for smallholder farmers Byicagu et al. (2020)his implies that yields are gendyal
good although the farmers pointed out some issueshvimight negatively impact crop
productivity. These are shortageof organic manure, late planting resulting frdabor
shortags during land preparation, insufficiefértilizers in intercrops, climte change, poor

guality of seedand low soil fertility.



Table 3.9: Estimated crop yields from three different cooperatives

Comaleka cooperative  Kopaboki cooperative Kabiyaki cooperative

Crop (yield in tons/ha) (yield in tons/hj (yield in tons/ha)
Maize 4 4 4
Soybean 1.2 1.2 0.5
Cassava 7 20 50
Sweet potato 10 10 12
Vegetables 7.5 20 13
Banana - 20 6-7
Fresh coffee - 19 -
Climbing beans - 2 -
Bush beans 0.8 1 0.8
Ground nuts - 0.5 0.3
Sorghum - - 2

Livestock production

Most of the farmers keegnimals such as bees, rabbits, dairy cows, beef cows, chicken, pigs,
sheep and goats. Livestock production is semi subsistence; they produce for household
consumption and the surplus is sold. The animasceoss bred between local and imported
specieswhile others are local landraces. The veterinary services are offered by the sector
veterinaran assigned by the district and private veterinary service providers. The farmers buy
feed for chicken and pigsom established agroshops. However, goats arile eae free range
animals and sometimes fed with grass fetched by farmers. The animals are paddocked. Some
farmers in Comaleka do not keep free range animals and some farmers grow fodder crops for
stock eed.

Problems and coping strategies

TheRUNRES project sealo increase food systems resilience indomome communities. It

is therefore crucial for the project to understand the challenges being faced by small scale
farmers and how they can be improv®sed on their existing knowledge. Téfere, various

issues that might affect agricultural productivity and subsequently impacting food security
include soil fertility, pests and diseases, market dynamics, availability of water (quantity and

guality) andcosts of inputs.

Irrigation water is radily available and Kamonyi receives >1 000 mm of annual rainfall. The
farmers have confirmed that they have perennial rivers that supply water the whole year. In

addition, there wetlands around, which allow contusiproduction across seasons.

Soil fertility does not only refer to the nutritional status of the soil but quality in terms of
physical properties such as aggregate stability, cation exchange capacity and moisture retention
capacity, and biological propes such as microbial biomass. Microangans play a major



role in facilitating nutrient bioavailability through decomposition of complex organic
compounds into inorganic compounds. The application of ordartitizerssuch as pit latrine

and cattle mame being done by Kamonyi farmers increassoil organic carbon, which
increases biological activity and improve soil proper{lesvy, et al.,2014) The farmers
reported that the orgarfiertilizers uilized are not adequate, therefore, they must purchase from
other suppliers using money from group savings. This implies that RUNRES innovations
dealing with composting have a potential market, farmers being timamyrtarget as well as

other small ent@rises.

Organicfertilizers are slow releasing, meaning that the nutrients applied are not bioavailable.
Application rates and timing affect the amounts of nutrients to be contributed by the respective
fertilizer. The farmers reported thégrtilizers are applied based on rates recommended by
extension officers, which is 10 tons of orgafedilizer per hectare per year and, they apply
before planting, which gives the orgaiéctilizer enough time tanineralize This is the same
recommended rate for segasludge in South Africa and most parts of the w(lgbazghi,
Tesfamariam, & Annandale, 2016\ccording to studies bydgbazghi et al. (2016)he
mineralization of nitrogen in organitertilizers vary with agroecological regions due to
differences in edaphic factors and climate. The authave reported high N mineralization in
sludge applied in clay soils especially in super humid agroecological region of South Africa
(Ogbazghi et al., 2016As a result, recently, the i®lge Application Rate Advisor (SARA)
model has been developed to give site specific application rate for sludge, and this can be
adopted for any organtfertilizer being considered in all RUNRES innovations. Therefore, to
maximizethe benefits of organi@rtilizersproduced from innovations such as composting and
co-composting, it is crucial tanalyzethe products for their respective nutrient composition,
use biophysical information to rihe SARA mode) and provide application rates for farmers

in different agrecological regions of Rwanda. The project can work with relevant institutions
such as Impuyabo, extension services and various cooperatives in teaching them new

agricultural technologies.

The advantages of using inorgafectilizersis that thenutrientsare bioavailable, however, in
irrigated systems thmight also cause ngmoint pollution. Howeverthe ability of the soil to

retain nutrients in the rooting zone may increase nutrient uptake by cropsiaimize
subsequent losses through laeagh Soil nutrient retention ability depends on physical
properties such as cation exchange capacity and moisture retention capacity, which are also

increased by organic carbon. Therefore, use of organic manure in such agriculturas system



increass fertilizer use dficiency through reduced nutrient losses into the environment.
Furthermore, farmersanmanage pollution through existing interventions such as terracing and

production of trees in the field periphery.

Local farmers purchasinorganic fertilizers from ago-dealers, which might be potentially
expensive. Therefore, there is a potential to substitute or supplement indegalzer with

human excreta baséertilizers such as urine. According tbnsson, Stintzing, Vinneras, and
Salomon (2004yirine is able to stite 400 nt (N) and 600 ri(P) per person per year if all is
collected, thereby eliminating the need to apply extra fertilisers. In addition, human beings do
not consume heavy metals and these are not found in(&titee, Udert, & Gounden, 2015)
There are certain technologies to concentrate urine into less bulky amdloi@us products,

other than the highly expensively and technical nitrificaiad conentration, recent evidence
shows that urine can be treated with lime (wood gSEnecal & Vinneras, 2017 he
introduction of innovations that can allow urine collection from urine diversion taifetsts

treatment using wood ash from pyrolysis of agricultural residues

Market dynamics such as availability, price volatility and logistics are important to farmers.
Choice of market depends on market dynamics e.g. volumes of produces, locationref buye
and diferent prices. However, Kamonyi farmers survive such dynamics by contracting with
buyers. Most of the vegetable markets are in Kigali, which is a distance away from farmers,
therefore its logistically unsustainable for farmers to transport grenduce. A a result,
farmers organize themselves and sell their products as a group to the market. Cooperatives work
with institutions such as SEAD, which provide them with information on access to best
available markets and examples of available marfketK OPABAKI farmers are Musumba,
Muhanga and Musambira markets. Sometimes market prices may be prohibitive to farmers,
therefore production during eseason may be unprofitable such that farmers resort {0 off
season production in wetlands, allowing themrtaximisesales returns when the product is
scarce. Alternatively, some farmers may keep the product and sell it when the prices are higher.
Some farmers add value to their products by sorting and grading so that they can be sold at
higher prices. Withheseavailable options, small scale processing may help to minimise post
harvest losses emanating from market dynamics, and RUNRES may collaborate with
organization such as RDO in coming up with low cost, sustainable and simple small scale

processing techmagies.

Livestock production is a component of the food value chain as noted in Sedtienfarmers

purchase feed from aguealers, others produce fodder crops, and somee keerange



animals. In return, the animals proéumanure, which is extensively used in crop production

and the meat being consumed by farmers, and excess is sold to generate income. The sustenance
of a livestock production component is crucial in thed chain as well to the resilience of

current agroeosystems. Just like crops, livestock production is also affected by pests and
diseases. However, the cooperatives in Kamonyi are well prepared to cope with these
challenges. During the focus group disiass, the farmers have reported that they prdteat t

animals in various ways. They regularly visit veterinary services for vaccinations and hygienic
practices are done to keep animals diséase There is an opportunity for RUNRES to explore
around bdder production using various fertilisers and samhendments from selected

innovations. In addition, small scale processing waste can be used as livestock feed.



3.4 Msunduzi, South Africa

Introduction

South Africa has a dual agricultural economy, viatth welldeveloped commercial farming
and smallesscak communal farming (located in the former homeland areas) prevalent.
Although agriculture contributes a relatively small share of the total South African GDP
(Greyling, 2012, it is important in provithg employment and earning foreign currency. The
agricdtural sector is governed by the Department of Agriculture, Land Reform and Rural
Development (DALRRD), which was established in June 2019, by the merger of the
departments of Agriculture, Forestry aRgheries (DAFF) and rural Development and Land
Reform(DRDLR).

In the predominantly whitewned commercial sector, applied research and improved farm
management have nearly doubled agricultural production during the past 3(Lietz@aberg,
2013) However, production in the rural small scale and commseetior remains low. This is

of particular importance to KwaZulu Natal (KZN) province, where rural areas account for 57%
of the total provincial population, making it one of the most rural provincé®inountry.

This context study aims to understand agjtural production systems in South Africa, with
particular interest in Msunduzi (RUNRES city region). Agricultural activities depend on the
climatic and geographicatharacteristicstherefore, thisstudy describes national climatic
zones, provincial (KK vegetationand outlines soil, geology and climatic data for Msunduzi.
In additionto grey literatureRUNRES scientists utilized qualitative data collection methods,
in this case focus group dissiens and key informant interviews, to understand tireeat

conditions of smallholder farmers in the project area.

To assess smallholder production in a rural area of theegjityn, a focus group discussion was
held at the Madlala community hall in Vulindlela. To understand the dynamics afrpan
smdlholder production in the cityegion, RUNRES scientists conducted a virtual focus group
discussion with farmers from the I&mtu community; due to the COVID 19 regulations in
place at the time of the data collection, in person methods were prohibitettition, a key
informant interview was carried out with the Department of Advisory and Extension services.
In conclusion, he study reports on the agricultural production systems in Msunduzi with

emphasis on Vulindlela and Sobantu areas.



Characterization of the study area

Climatic zones

The South African climate is determined by
and its location between the Atlantic and Indian oceans. It has a wide range of climates
compared to other countries in Subh@ran Africa, ranging from Mediterraare to desert
(CharlesDominique et.al2015) These climatic zones are delineated by their seasonal rainfall
patterns and temperatures. There are many different approaches for bioclimatic, empirical
climate classificaon. However, the Koppe@eiger is stl the most used climate classification
method worldwide (Rubel and Kottek, 2010). The five vegetation groups of the Koppen
classification distinguish between plants of the equatorial zone (A), the arid zone (#ritne
temperate zone (C), the snow zofi#) and the polar zone (E). A second letter in the
classification indicates mean precipitation and a third leteannair temperature. The Council

for Scientific and Industrial Research (CSIR) developed a Ké@mager map to classify the
current climatt conditions in South Africa using 20 years of precipitation and temperature data
based on a 1 km x 1 km grid. According to the developed Ké@mger map Kigure 3.16)
70.89%o0f the country can be characterized as arid while 28.9% is warm temperate and 0.2%

is equatorial.

KOPPEN-GEIGER CLIMATE CLASSIFICATION
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Figure 3.16: South African Koppeeiger map showing climatic zones (CSI®)rresponding table can be
fourd in the appendix.



The arid climate areas comprise the steppe and desert regions. The steppe hot (Bsh) region is
characterized by a dryness threshold of 5mm and an annual mean temperature greater than 18
¢ C. Thi s inthe Nartlo Westlpriownse and some parts of timpopo province and

covers an area of 1269 kn?. The steppe cold (Bsk) region has an annual mean temperature

|l ess than 18 ¢C. It is |l ocated in thevelFree S
an area of 27927 knt. The desert areas arharacterized by a dryness threshold less than
5mm, with the hot desert (Bwh) covering most parts of the Northern Cape and some parts of
the Limpopo (18§84 kn¥). The cold desert (Bwk) is located in the Emparts of Northern

Cape and upper parts of thadtern Cape and covers an area of@®knt. Warm temperate

areas are categorized into the fully humid hot summer regions (Cfa), fully humid warm summer
(Cfb), fully humid cool summer (Cfc), dry hot sumn{&sa), dry warm summer (Csb), dry

winter hot sumrar (Cwa), dry winter warm summer (Cwb) and dry winter cool summer. The
characteristics of the aforementioned regions are explained in Table 1, located in the appendix.
The only equatorial climate of Southirga is located within Northern KZN and coversaea

of 2,296 kn?.

Geology and soil classification

Soi l properties are influenced by an areads
soil are directly impacted by their geological parent material, which ultimately influences
agricultural atvities. The underlying geology of Msunduzi consistsa sequence of claustic

or fragmented sedimentary rock strata, which is primarily composed of sandy and clayey shales,
sandstones and tillites, overlaying a bedrock composed of granite and gneisEaBicareas

of intruded dolerite are found througit the regionFigure3.17 below illustrates the geology

of Msunduzi with its subsequent soil types as described in table 1 (appendix). The sandy and
clayey shats, which form part of the Pietermaritzburg Formation (Ecca Groups) and Volksrust
formation, underlie about 80% of thegren. While they are easily weathered when exposed,
their low porosity and permeability often causes high surface water runoff, diypeceaeas

having a shallow depth of soil cover. Soils derived from the process of weathering have
accumulated at thealse of escarpments within the region to form the talus geological formation.
Extensive areas of talus are found in the Town Bush Styudlely and the northern portion of
Northdale (Ab118 and Ac218), within the Borough of Pietermaritzburg (Ab119, Ab120,
Ac221, Bd32), the Sinathingi River Valley within Edendale, portions of Vulindlela, particularly

the Mpumuza (Ac227 and Ac228),andinthe ci ni ty of Ottods Bl uff.
unstable and subject to slumping.
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Figure 3.17: soil map of Msunduzi. Soil classification table located in appendix



Topography

Approximately 30% of th municipal area consists of topography having a grastieaper than

1 meter in 3 meters (1:3). More than half of this steep topography is located in the western
guadrant of the municipal area, particularly within the boundaries of the Greater Edendale
Imbali ABM and the Vulindlela ABMFigure3.18). Flat topography having a gradient flatter
than 1 meter in 3 meters (1:3) constitutes approximately 70% of the municipal area. At least
60% of this topography isoncetrated in the former Pietermaritzburg Borough and its

surrounds.
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Agricultural production systems

The afore mentioned bioclimatic and geomorpholdgpraperties have a direct impact on
agricultural production systems. This section outlines agricultural activities carried out in
Vulindlela and Sobantu areas from land preparation to harvest. Chall&wgpes during

production, as well as typical mitigan strategies employed are also outlined.

Agricultural potential

Commercial agriculture is the main employer in most municipalities of KwaZulu Natal.
However, agricultural output in Msunduzi is limitegith agriculture contributing only 3% to

the GrossValue Added to the municipalitgZimu, 20M). This is attributed to the limited
agricultural land in the municipality. The challenge is magnified by the rapid urbanization
occurring in area. Although tharid located in the Edendale valley area is zoneggoculture,

in reality much of that land has been occupied for housing, either by informal settlements and
land invaders, or earmarked fomv-costhousing. However, agriculture remains an important
sedor in the area, as Msunduzi is a major serviceerasf the sector. The current focus of the
municipality is to protect available and high potential agricultural Igfidure 3.19) and
improve the linkages between commercial and subsistence farming to faciligte t
intensification of agricultural productio(Davies et al., 2017)Vulindlela has most of the

agricultural land in the municipality, mostwhich is cultivated by smallholder farming.

Vulindlela is situated in the mist belt, at an altitude of 1100 m leesed 50 km west of
Pietermaritzburg. The area receives an average of 929 mm rain annually. The dominant soll
type is an Avalon form with an orthic A horizon. The B horizon is a yellamwhrapedal on

top of a soft plintite, the latter limiting root gromthainly to the top 600 mm. The climate is
favorable for a wide range of adapted crops and the area has-@wyeadrgrowing season.
Smallholder farmers often lack supplementary irrigatioless they are beneficiaries of
smallholder irrigation schemes diet former homelands (Aliber et al., 2006). Agsult,some
farming activities are not very active during the dry season but only gain momentum during the

rainy season.
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Land tenure

In South Africa, land ownership remains a complex and contentious political issue that is linked
to the countryds coloni al history. dSHtaterer al |
and land reform) have been implemented in an effort taeecbthe injustices of the apartheid
governmeniKepe and Hall, 2016).and redistribution was targeted at citizens intending to

buy land under the willing buyer willing seller policy. Tgevernment supported individuals
interested in buying land througimancial grants. However, the policy is regarded as

unsuccessful because only 7% of the land was redistributed to the poor.

The restitution policy endorsed the need to give back or cosape South Africans who had
been deceitfully disposed of their lamalder the Land Act of 1913 (Aladodson, 2013; Beinart
and Delius, 2014). The policyds main object.i
land in the communal parts of thagt homelands and colored reserves (Gumede, 2014).
Regardless of thaforementioned reform policies, inequalities within land ownership are still
very high. A land audit conducted in 2017 revealed that white South Africans own 72% of the
total agriculturalland, whilecoloredSouth Africans own 15% and black South Afric&i%%

(Land Audit Report, 2017). The South African Joint Constitutional Review Committee adopted
a recommendation that proposed to amend the Constitution to allow the government to
expropridge land without compensation (LEWC, 2018). The National CouncilrofiRces
approved thislegislation in December 2018. The uncertainties surrounding LEWC have
resulted in illegal land grabs and in severe cases the killing of white farmers. Afriforiuih, a ¢
rightsorganizationreported that 57 white farmers were killed in 2019, with most cases taking

place in Gauteng and Freestate provinces (Hz2izD).

Vulindlela is located within a region of the former KwaZulu homeland that was characterized
by tradtional forms of land teme and subsistence agriculture. Thus, land in Vulindlela is
owned by the traditional leadership through the Ingonyama Trust. The trust was established in
1994 to hold all government land in KwaZulu Natal for the benefit, mateeie and social
wellbeing of the members of the tribes and communities living on the land. The sole trustee to
land under Ingonyama Trust is King Zwelithini Bhekuzulu, who owns approximately 2,883
million hectares of land. However, tlaenakhosiChiefs)are responsible for thastribution

and management of land in their assigned areasnduna(headman) appointed by the chief
performs specific tasks as agreed to by the chief. In Vulindlalzh family is allocated a one
hectare plot, which the chiefh the right to takbackif the landis not used. This is consistent

with studies carried out in other rural communities of KZN, where average smallholder farm
sizes of 1.8 and 1.1 hectares were reported respectively (Matungul et al. 2001). The occupants



are issued with an offial permission to occupy, which allows the person given land the right

to use the plot of land. This does not confer ownership. In most cases, the PTO is issued to the
male members of the family. The allotment of larger piecesmnaf is possible (up to 36a)

when residents organize into farming cooperatives. In contrast, land in urban areas is owned
and controlled by Msunduzi municipality. Farmers in the Sobantu community target unutilized
land in the area; however, theyustobtan consent from the coutcior 3 s of fi ce f or
use. Sobantu farmers are organized into a cooperative (Sakhutwusitaye ideas and to get

assistance from the government.

Farming cooperatives are common in South Africa. Members of cooperativespacted to
generate m@ income than individual farmers unless the latter have enough capital, skills and
labor to sustain their farming activities (Moloi, 2008). An analysis performed by the
Department of Agriculture Forestry and Fisheries (DAFF) iMid@éntified 1443 coopeditives

with a total of 35799 smallholder members across KZN. Most of the profiled cooperatives are
involved in vegetable production. In an effort to promote profitable and rariegtted
cooperatives with quality business develgmt and management DAR®Illaborated with
AgriSETA for development and training through an initiative called Ragather Cooperative

Training Program.(Nchabeleng, 2016).

Land use

Land use in the rural areas of the city region is predominantly agnalit nature and can be
characterizedprimarily by smalscale subsistence farming, timber plantations, and some
pockets of indigenous forest. Maizée@ mayy and dry beansPhaseolus vulgar)sare the

major crops produced in Vulindlela during the rassason through the relay intercropping
system. Relay intercropping is the most common cropping system, with maize and beans grown
simultaneouslyMaize yields in Vulindlela average 1 tonhanhile beans produce on average
200kg hat (Magwaza2019) Thisis much lower than local commercial growers, who routinely

produce around tons ha and 3tons ha respectively.

In addition to maize and beans, important vegetables that are producelihoiiéla include

cabbage, green beans, sweet potatoes, tesyataro (amadumbe), onions, lettuce, and
butternut. These crops are produced in household gardens as well as by farmer groups. There

IS no major variation between crops grown in home gardensand f ar mer 3 s gr oups
guantities, which are higherhgn produced by a farmer group. A few farmers also produce

other crops such as brinjals and green pepper, though in very small quantities.



Land preparation

Cultivation tractors are provided blget government to the farmers at the beginning of every
farming season (November). Msunduzi local municipality also provides tractors to farming
cooperatives. However, most farmers prepare the land manually using digging hoes in their
community and backyarglardens.

Inputs

The planting material used in Vulindlela @gpls on the crop type. For example, maize and
bean seeds are purchased from Agro dealer shops or in some cases remsdmnsabd
previous season is used. The government, through the depeaxmagriculture and rural
developmentprovides chemical félizers (2:3:2) for farmers in Vulindlela. In addition, cow
dung and chicken manure are also used as fertilizers, particularly in backyard gardens.
Agricultural extension officers are availalile advise on the fertilizer application rates and
methods. @vernment support is min@mhamong Sobantu farmers. Farmers buy inputs from
Agro-dealer shops,of which TWK was the most reported source of inpukal{le 3.10) for

input prices). Morever, farmers rely on TWK produ advisors for management practices such

as fertilizer application rates and methodBhe Radical Agrarian SociBconomic
Transformation (RASET) is another initiative recently introduced by the government to the
Msunduzi municipality. The program aimsgmvide inputs and open markets for black small
scale and subsistence farmers. Msunduanicipality emphasizegrioritizing the youth in the
RASET programThe target is to set up 80 youth led agmterprises, each with a minimum of

5 hectares. Thprogram focuses primarily omural farmers.

Table 3.10: Msunduzi farmer inputs and prices.

Input Quantity Price Retailer shop Location
Maize seeds 10 kg R 520 TWK-Agri Pietermaritzburg CBD
Dry bean seeds 5kg R260 TWK-Agri Pietermaritzburg CBD
Fertilizer Compound D 50 kg R396.70 TWK-Agri Pietermaritzburg CBD
(2:3:2) (N:P:K)
Urea 50kg R458.85 TWK-Agri Pietermaritzburg CBD
Single superphosphate 50 kg R419.75 TWK-Agri Pietermaritzburg CBD
Muriate of potash 50 kg R410.10 TWK-Agri Pietermaritzburg CBD
Potato seeds 10 kg R 150 TWK-Agri Pietermaritzburg CBD
Swiss chard seedlings R1/seedling SunShine seedlings stall  Pietermaritzburg CBD
Cabbage seedlings R1/seedling SunShine seedlings stall  Pietermaritzburg CBD
Tractor hire R3500/ha
Broiler day old chicks 300 R7.40/ chick TWK Agri Stoneor Farm  Pietermaritzburg CBD
Rhode Island red 100 R10/chick CSP poultry Newcastle
Potchefstroom Koekoek 100 R10/chick Private breeder Durban
Broiler starter and 50kg R300 Meadows Pietermaritzburg CBD

finisher 40 kg R240 Epol




In both project areas weeds are controlled manually through hand plucking or use of hoes. The
use of herbicides was not reported in Vulindléhas is attributed to their high prices. In the
event ofa disease or pest outbreak the government provides the required chemicals for control.
Moreover, agricultural extension officers are deployed to offer training and advisory services
in the affectedareas.

The primary source of irrigation water in Vulinddasthe Msunduzi river, which is a tributary

of the Umgeni river. The use of sprinkler irrigation is a common type of irrigation during the
dry season in Vulindlelalhe sprinkler irrigation is poared by generators and connected to

the Msunduzi river tlough hydrant valve However, most farmers rely on rainfall for
irrigation, with some farmers using grey water for their backyard gardens. In Sobantu municipal

water is used for irrigatian

Livestock production

Livestock production is practiced in both Vadlela and Sobantu. In rural Vulindlela cattle,
goats, sheep, pigs and chickemmsthe most common animals reared in the area. Goats and
cattle are kept mainly for ritual purposes or for selliogangomagtraditional healers). Pigs

and chicken are sl@htered for meat and in some cases sold to the local baittherstock
production is also important for providing manurelk, and eggs. Goats and cattle are kept at
the homestead at night anceagrazed on communal land during the dByus, ay manue
produced during the day is not available for crop production. Grazing is conducted on
communal lands, usually the steeper, less agriculturally productive\Wdmite communally
owned land is usefbr grazing, very few communitpased livestock managemeystems are
currently in place and overgrazing is a prevalent phenomenon (Adey et al. R&ddnaces

are common breeds for cattle, sheep and goats, however commercial breeds are preferred for
chicken and pigsVaccination and plunge dipping services grevided by the veterinary
services to control lice, mites and tickghich are carriers ofheileria parva(east coast fever).
Cattle are sent for plunge dipping once a week (every Thursday). Dipping services are
subsidized by the government through tepartment of Veterinary services throutiie
construction of dipping structusé€rFigure 3.20) andthe provision othe required parasiticides.
Emulsifiable concentrates or wettable powders containing parasiticidal active intgeudiin
contact effect are the most commomgsaticides for plunge dippingaccination and dipping

services are provided by the veterinary services.



Figure3.20: Plunge dipping structure in Vulundlela comnity (source:Melanie Surchat).

Poultry production is the most dominant livestgeRcticein Sobantu communityHowever,

very few farmers involved in poultry productigoracticeit on a larger scaldndigenousand
commercial breeds (broilers) are baitoduced in Sobantu communiti@dhe most common
poultry indigenous breeds in Sobantu are Rhodes Island red and Potchefstroom Koekoek
(Figure3.21).

Figure 3.21: Indigenous chicken breeds feeding on vegetable garden waste in Sobantu corf8oundty.:
Melanie Surchat).



Commercial chicken feeds are fed to the commercial bigediers)and the proximity of the
community to the industrial area makes it easier guiae the feeds. Meadows feeds was
reported as the most common source of chicken feeds due to its cheap prices and staff that is
willing to offer advisory management servicescomparison, free range chickens are fed with

leftover food and discarded vegbles from backyard garden.

Extension services

Extension services are imposed on farmers through the transfer of technology extension
approaches. This suggests that the kedgé and skills held within the agricultural extension
system should be assesse®l updated on a regular basis to ensure extension services stay
relevant to the everhanging agricultural landscape. Williams et al. (2008) reported that access
to quality extension and advisory services depends on the ratio of extension to farmers. The
distribution of extension and advisory services is relatively low among emerging farmers who
arguably have the greatest need for extensiois.pidor distribution contributet® the fact that

most smaliscale farmers depend entirely on public extensiomices. In Vulindlela one
extension officer is responsible for 5 wards, each ward is visited once a month. The farmers
reported bias of extension officers over certain faroo®peratives, where extension services

are offered to certain groups on a regulasis at the expense of other farmers. Similar
sentiments were shared by farmers from Impendle and Swayimani, who reported that extension

officers visited households roughiyice a year (Ortmann and King, 2010).

Challenges to small scale production

Postharvest losses

Postharvest losseare amajor problem faced by farmers in Vulindlglgarticularly those
involved in vegetable production. Harvested fresh vegetables arg, kihiaracterizedby high
moisture content, active metabolism, and tender textlieese characteristicgesult in
substantial losses through senescence, desiccation, physiological disorders, mechanical injuries
and microbial spoilage that occur at any péiom harvest through the food value chain (Ghun

Ta, 2010). In Vulindlela, stage, packaging, and handling techniques for perishable crops are
practically nomrexistent, causing significant production losses. Improper harvesting and
postharvest practiceesult in losses due to spoiling of the product before reaching the market,
as well as quality losses such as deterioration in appearance, taste and nutritional value
(Buyukbay et al., 2011) However, little has been done to identify the main posthandisidha
practices by smallholder farmers, documenting the quantities they ldsth@rassociated
income losses. Minimizing postharvest losses of fresh produce is a very effective way of
reducing the area required for production and increasing food aligil@bader, 2005). There



is lack of an effective and faeaching educationak&ension program on these aspeutkich

hasa negative impact on smallholder farmers in the region.

Poor soil fertility

Poor soils low in nutrient and organic content are commm Vulindlela. Soil nutrients are
constantly mined from soils through crop\esting. Application of commerciédrtilizersand

animal manure are some measures taken to address poor soils. However, application is rarely
done at the recommended ratekre sq plant residues are fed to livestock thus there is not

enough plant resice to plough back into the fields.

Markets and prices

The major challenge faced by farmers in Vulindlela is access to formal vegetable markets. Most
retail shops have signedrig term contracts (50 years) with commercial farnttemsmakes it
difficult for smallholder farmers to penetrate the ma(Rstance,2018). fie retail shops prefer
commercial farmers because they provide large quantities and comply with stringent quality
and safety standards. Smallholder farmers are marginalized because of ttedrpioduction
capacity, limited access to financial capital, limited access to production equjamepbor
postharvest infrastructurdue to this, &rmers in Vulindlelaare now looking for alternatiye
nichemarketssuch adocal schools for the fe@iy scheme program, prisons, and clinics. A
less popular alternative is the use of farmer marffgtpire 3.22). The reluctance to explore

this market option islue to the fact thdarmersmustpay 5% commissionfdheir sales to the
municipality for the provided facilities and 7.5% is paid to the agents. Most farmer groups
engage in group marketing as well as credit provision for their members, therefore it is expected
that householdmembership withassociations wuld have a positive impact on market
participation (Martey et al., 2012).

Figure 3.22: Sobantu cooperative market in Pietermaritzbug, Msunduzi. (Source: MeSamchat, 2020).



Stray animals

Stray cattlehave been reported to ruin smallholder crops in Sobantu, especially community
gardans. Several farmers confirmed the total loss of crops to stray cattle. Incesesghey
become violent, charging at anyone in their range. Fencing is a possible dolutieproblem

of stray animals. Howevetheland tenure system in Sobantu makeffficult to develop the

land in anyway.

Summary conclusion, recommendations

This study revealed that commercial agriculture is not dominant in Msunduzi city regian due t
limited agricultural land. Rapid urbanization has led to the preference of housing over
agriculture on the available land. Currently agricultural activitiesremes in the rural than the
urban areas of Msunduzi, where small holder farmers mainly prodaize beansand sweet
potatoes for their own consumption. Vegetables are grown primarily for the purpose of
reselling, which is typically done by cooperativenia@rs, however, backyard gardens are
popular to producevegetables for their own consumptiom comparison, agricultural
production is mainly for selfonsumption in the urban Msunduzi region, with few farmers
exploring the option of reselling. It is alstear that rural farmers receive more government

support in terms of agricultural inputshioost productivityandenhance their livelihoods



4 The Food value chain

Acronyms and Abbreviations

CE: Circular Economy

DRC: Democratic Republic of Congo
FVC: Food Value Chain

[ITA: International Institute of Tropical Agriculture
NGO: Non-Governmat Organization
ODK: Open Data Kit

SMS: Short Message Service

TV: Television

USD: United States Dollar

VCA: Value chain analysis

WFP: World Food Program

Introduction

According to Kaplinsky & Morris (2002), Kaplinsky (2004), DFID (2008), USAZD09),

WFP (2010), and ILO (2015), a food value chain is definetthefull range of activities that
arenecessary to deliver a food product from the producers/farmers through all the intermediary
actors (middlemen, input suppliers, processors, wholssateetailers) to the final consumer.
Therefore, a food value chain analysis must help understandificsfmex commodity value

chain by unearthing actors in this chain, what they do, how they do it, their locations,
relationships, and how they are gowed/sustain their operations, (WFP, 2010). WFP adds that

such an analysis should as well identify oppoities along such chains and how these should

be harnessed, while as well unesnghchallenges along these chains and appropriate
interventions neasary to overcome these challenges. Finally, WFP advises that alongside a
comprehensive food commoditywat chai n anal ysis, an assessme
and expenditures must also be done toepredi
food purchasing power), and optimal food commodity pricing that could help redistribute

benefits amonghain actors.

According to the World Food Program (WFP), a food value chain analysis (VCA) is built on a
market system (a supply chain), detailing bethuctural and dynamic factors that affect
contributions of each actor in the chain. These factors &amefd very important and must all

be covered in detail in order to have a proper understanding of the food commodity value chain.
Structural factors of the VCA include:1) The characteristics of a food commodByfor



instance; prices, quality, quantity {demined by end markets like buyerg).The enabling
environmenBfor instance; laws, regulations, policies, norms, infrastructure etc., thattesfa
facilitating or hindering the functioning of marke8.Relationships (i.e. formal and informal
linkages and information flows) between actors at different level of the food value chain. These
relationshipsB particularly genderis also critical inmoving food commodities to end users,
thus in these relations we can know who controls what, where,candHor instance, a food
value chain would show where the women participate, and or are all women dominated products
and markets included®) Supportng markets along the value chain (for example financial
services, technical support, telecommunicationggation, inputs delivery etc.)Dynamic
factors(what keeps these actors together, what information is shared, how is their relationship
evolving, where are their locatioBjhese would characterize how actors in the market system

respond to opportunds and constraints (limitations).

Therefore, according to WFP, a simplified food commodity value chain would involve the
following actors: input supmrs, farmers, middlemen (agents, assemblers/collectors,
transporters), processors, wholesalers (impdepsrters), retailers, and final consumers.
Therefore, in RUNRES we envisioned the following generic food commodity value chain under
a circular ecoamy modeBwhere consumers in urban centers after accumulating organic waste
from their consumption aciives, this waste is recycled and reused as an input in farm
production in rural and petrban areasHgure4.1).

Input ~ Farmers /

Suppliers Producers

Middlemen
(Assemblers /
Transporters /

Collectors)

Consumers

Retailers Processors

3 Wholesalers l

Figure 4.1: A generic food value chain envisioned to operate under a circular economy model.



General Methodology

This FVC context studgought to analyze three food commodity value chains ie tifeerent
counties where the projec$ promoting circulaeconomybasednnovations aimed at closing
nutrient loops through recycling and reusing organic waste, thereby creating resilient rural
urban food systems. The three food commodity value claiaf/zedincludedcassava in
RwandaKamonyi), coffee in DRQBukavu) and bananas in Ethiopjarba Minch).

As a sampling methodology, strategic aiggions in the respective countries where the targeted
food commoditiesreprevalent were purposivelgkectedMapping of actors was then done to
understand which actors were available in the respective valines caadn which parts of the
city-region these were located. From within the respective city regions districts/sectors were
randomly identifiedvhere the intensity of the respective actors was substantive. Then, villages
from these sectors were finallgndomly selected in an exercise conducted between project
scientists and coordinators. Following guidelines of WFP (2010), on statisticallysaatiole

sizes (targeting a minimum of 30 actors), or those that would be representative of the target
populatios (minimum 400 actor households), we set these as our targets for sample sizes.
However, from field explorations by project coordinators and wtetsons with local
administrabrs and other stakeholders in these food commodity value chains, we found that
some actor segments in certain gidgions were either neexistent or had fewer actors than
those recommended by WFP for either a statisticallig or population representative sample

size.

From the field exploration exercises, an inventory of aviglabtors (numbers of households)

per segment was obtained from local administrators. For actor segments where the numbers
were sufficient, we aga did a random selection of needed participants from the general pool.
The random selection was done by wgtinames of the subjects on papers, that would be put

in a draw from which actors for interviews were randomly selected. A list of randomlyeselect
participants was compiled and handed to project coordinatorsnvithdhe help of enumerators

and local athinistrators went to the randomly selected villages to administer interviews to
respective randomly selected actors. Data was collected usistjoquaires wittboth closed
andopenendedquestions. Questioriacludedhouseholdiodata demographics, agultural
production, food consumption, household incomes and expenses, as well as social perceptions
on aspects of a circular economy. Howevems questions were specific to certain actor
segment8but some sections especially on household demograpbressimilar across actors.

The detailed questionnaire is attached in appendix A. The household head was the primary
respondent target, and whengavailable the second in line in household decision making was



interviewed. Data was collected electronigallsing the open data kit (ODK) by project
coordinators anénumerators andas instantly available to scientists in the online repository.
Finally, numbers of actors interviewed per actor segment across countries were different mostly
dependent on availdiby. However, since all actors in the respective food commodity value
chains were indeed consumers of the products of the same food comnilalityra were also

asked for responses on the consumer section of the questionnaire. Subsequently, tlee cansbim
sample data constituted 1,373 households from Rwanda, 593 from Ethiopia, and 809 from
DRC. These totals are different because the compositieach value chain in each citygion

was different and actor segments were differently populated. Forauttee segments, sample

sizes are shared in the respective sections.

Analysis of the data for this report has been largely done using descripiheds where

means / averages, or percentages are used to describe different dynamics or aspects of the
sampe, while tables, graphs, and charts are used to present the results of the analysis.
Explanations of the data have been made largely based ervatisnal field experiences to

show the status quo of the respective food commodity value chains, andatusrgsio with

regards to certain central aspects of a circular economy prodi&ttonsumption model.

Further details are presented intherespei ve f ood commodity value ¢

this report.



4.1 Bukavu, Democratic Republic of theCongo

Introduction

In this section we present the summary of findings from the context study of the coffee food
value chain (FVC) in DRC. Generally,i#fFVC is a complete one, starting from coffee input
suppliers, farmers, middlemen, processors, retailers, wholesalers and cor{§ligueest.2).

The chan also has an added component of coffee waste processthis tontext study, all
actors participated in consuming coffee prod&tnd were thus all treated as consumers.
Further here, we present all sample household data statisticsnchates denographics,
income and consumption expenditure, food acaessi cat or s, and finally
acceptance for and stated willingness to pay for products derived from keesthg. we present
specific data statistics per actor segment.

Sample oveview

The coffee value chain in DRC is complete with all extand is dominated by farmers,
followed by middlemen, then retailers, wholesalers, then processors, and least are the input
suppliers, Table4.1).

Table 4.1: Composition of the coffee value chain sample in DRC

Actor Number of respondents (N)
Input supplier 7
Farmers 281
Middlemen 94
Retailer 50
Processor 22
Wholesalers 38
Waste processors 314
Consumers 809

The limited number of input suppliers may still ilpphat there is limited use of inputs in the
value chain, thus an area where improvements may be necessary. Holmedaege number
of waste processo(# is not exclusively coffee waste) may provitie entry point for recycling

of the coffee waste.
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Figure 4.2: Sampled respondents of the Bukavu food value chain.



Coffee Consumers

Data was collected fromthe following districts SouthKivu, Bukavu, Kabare, Mudaka,
Bushwira or Luhihi. About 42% of resposts were from Kabare, 33% from Bukavu, and 22%
from South Kivu. The average age of respondents was 44 years, and these lived on about 20

kilometers from the nearestaintown cetter (Table4.2).

Table 4.2. Descriptive Statistics on household biodata of consumers in DRSource: RUNRES FVC
Context study for DRC, 2019

Householdcharacteristic Mean Statistic (Units)
Age of household head 43.7 (years)
Formal Education 74 (years)
Distance to nearest town center 20 (kilometers)
Household size 7.8 (persons)

The average number of school years obtained for consumers in thegidy is7 years

Householdsrelarge withabouteight (8) persons per household.

Only abou 33% of consumers kia asecondary education, while over 25% of consumers ha

never beerno formal schoolsWith regards to gendethe majority of the sample (73%yere

males Thi s presents an opportunity for n@edemenJds
understaffed segments, for instance input suppldesrly 84% of actorare married,which

may i mply strong soci al relationships among
that is intended to enhance economies of scale, success mayepassible About 63% of

the actors stated that thageaware about the circular economyncepts Figure4.3). Nearly

64% alsoclaimed they are knowledgeatddout circular economy concepts, implying that
perhapsact or s may have treated gawarenessR ne;
importantly,a large percentage (over 63%) of actors was at least aware/knowledgeable about
circular economy concepts, which could be a good entry point for advanzieglar ecoomy

in DRC coffee farmingystens.
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Figure 4.3: Awareness, knowledge and support for the circular economy concept (CE) by corisuDiRes

With regards to household income souramut60% of consumers eatheir income from
agricultural activitiesimplying thatmostactors in the coffee value chain in DRC derive their
livelihoods from agricultureAbout 95% of this agricultural incomeomes from selling crops

and their productsamplying that a crop/foodralue chain focus may be more important to
improve livelihoodsof consumers in DRCTable 4.3 shows that averageonsumes earned

about 1,632 USD per season (3,264 USD annually). However, this avusrafgeut 70%
composed of nonagricultural incomes that are accessed by the smaller part of the consumers
These noragricultural incomes inflate average total incomes, a materdepicted by the

large standard deviations for these means. inidies that thereareoutlier consumers, who

are fewer but have access to higher nonagricultural incomtesrefore, nterventions to
improve incomes should thus take notice of thesedetlers. Apparently, the more reliable
average consumer sJ3 i nc ocuuralsaurcdsdwhithas abobtd860 n e

USD per season, since the largest proportion of the sasrg@pendent on agricultural income.

Table 4.3. Overview of the average incomes of consumers in DRC

Type of Income per season (6 months) Mean in USD (Std. Dev.)
Agricultural income 486.3 807.8)
Non-agricultural income 1,146.2 (1418.8)




Household expenditure

From Figure 4.4, consumers spehon a variety of notiood consmables. Nearly 72% of
consumers speéon education in the previous year, implying that houselaiglaware of the
importance of education, and this could provide a fertile ground for any awareness and
knowledgedisseminatiorbasednitiatives. Health waghe next item where numbers above the
average (53%) of consumers spent their money. In all othefooedrsectors, less than 50% of

the actors reported to have spent moweythem This may still point to low levels of

livelihoods, which can be improveldrbugh income generating activitieased on circularity.
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Figure 4.4: Non-food Expenditure Items for Consumers per year in DRC
Moreover, food expenditure still makes the latgeomponent (56%) of consumé&rs a n n u a |
expenditure (2,802 USD) in DRT gble4.4), further pointing to significant needs for income

improvements, and thus food security. This implies that 86% of household inacaspent
on consumption, leavignonly 14% (457 USD) available for savings ankerinvestmens.

Table 4.4. Expenditure items among Consumers in DRC

Expenditure on: Mean in USD (Std. Dev)
Non-food per year 1,222.4 (1,947.9)
Food in per Hays 31.1(35.1)

Food per year 1,579.9 (1,566.6)




Household Food Insecurity
From Figure4.5 mostconsumersreuncertain of their food supplies aadeworried about
food quality.However only asmall proporton of households e insufficient quantities of

food.
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Figure45:Consumer s3 assessment of their household food

Nearly 30% of consumers had spent a night hungry in thdqasveeks, wile 19% had spent
both day and night hungry without foddhportantly,consumersKigure4.6) would accept to
eatand even pay for food cultivated with compost, or urine or fecal material as fertilizer.

Pay food cultivated with fecal fertilizer || A Y
Accept food cultivated with fecal _-

fertilizer

Pay food cultivated with urine fertlizer || N NN NN
Accept food cultivated with urine e L
fertilizer

Pay food cultivated with compost |
Accept food cultivated with compost | N

0 20 40 60 80 100

B strongly agree  Hagree M neutral disagree ® strongly disagree

Figure 4.6: Acceptance and willingness to pay for waste derived products among consumers.in DRC



However, in this offee value chaininput suppliers only provided fertilizers as farm inputs
(100%) and did not progle other inputs such as coffee seedliftggure4.7).
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Figure 4.7: Differentfarm inputs sold by input suppliers in DRC

Moreover, these fertilizerare mostly inoganic thusa potential gagexists for provision of
organic fertilizers that would fetch farmers a premiwspeciallyif they exported coffee to
high standards markets interested in organic coffee products. Input suggilteese fertilizers
from agrodealers (4%), imporers(71%) orvia theirown efforts (14%). The average input
supplier trade 1,705 kilograms of fertilizers per month, to an average co$t3318 USD and
for an average income of 2,202 USCable4.5).

Table 4.5. An Overview of the costs and price of fertilizers traded by input suppliers in DRC. Source:
RUNRES FVC Context study for DRC, 2019.

Variable Mean in USD (Std. Dev)
Amount of fertilizers taded (KGs / month) 1,704.8 (939.9)
Cost of stocking inputs (USD / Month) 1,377.6 (1,097.1)
Income from input sales in USD / month 2,202.4 (1,124.3)
Income margin in USD / month 824.8(1,004.6)
Price margin per KG of inputs sold in USD 0.166 (0.092)

Only 14% of input supplierare awareof laws governing their input supply businessasd
about 57% of input suppliers hafemales involved in their business activitié® average of
4 females and 2 males respectively worked in each input supply busivesenaremostly
involvedasshop attendantsyeecers orharvesers while males dominate business ownership,
transportation, and cleaning premisaf input sellers (100%) exchangedformation with

their customers by means of person to pemtaradions, mostly(57%) about produgtrices



and new product arrivalg8%). About57% of input suppliers target regular farmers for clients,
whi |l e ot her sbout20v%)rketeasiNaBgBtddseth¢ random buyers (individuals)
14% Surprisingly, mostlients (71%)arelocated in perurban centers (towns), and this may
still imply a huge lack of inputs supplies to farmers in rural ardths(100%9 input traders
stated that offering better prigis the most important factor thatéqastheir clients conmitted
followed by product performance (43%All input suppliers (100%Aalso stated thatre no
institutions thatare willing to lend money to their input supply businessiessthis could be
one of the areas that nesaattention.Nevertheless29% ofinput suppliers stated thttereare
still opportunities to take advantage @dr instancehigh demand of inputgndgood returns

in coffee tradalue to an attractive business environment.

Coffee farmers
From Figure 4.8, about 74% of all farmers produced coffee as their main ¢lopever,
farmersalsoproduced other cropsainly beang42%), and cassavé33%) alongside coffee.

Otherdominantcropsare banarms and soybeans.

m coffee m others

Figure 4.8: Main crops produced by Coffee farmers in DRC.

About 60% of coffee farmers gw coffee as a sole crop their fields, andnearly 40% gow
coffee in fields where they gw other crops (intercroppingyromTable4.6, farmers produced

an average of 361 kilograms of coffee per season, and 318 kilograms per season faypsther ¢
implying that thecity-region is a dominantly coffee growing region.



Table 4.6. Quantities of crops produced per season (6 months) by farmers in DRC. Source: RUNRES FVC
context study for DRC, 2019.

Quantity of crop harvested per season in KGs Mean in KGs, (Std. Dev)
Coffee 361.2 (382.6)
Other crops 318.7 (343.4)

Abou 68% of farmers used fertilizers as an input followed by cassava cuttings (17%), then
tomato seeds and banana suckers (M@st farmers (82%)got inputsfrom own efforts,
implying that there is still room focertified systemsto supplyinputs. Only abou11% of
farmersgot their inputs from agro dealengloreover, mostoffee farmers (99%) uderganic
fertilizers however, since he | ar gest source of i nput s
imperative to ascertain that farmers are using effective aptbaate forms oforganic
fertilizer. With regards to processingily 14% processdtheir coffee before selling it, a clear
indication that a lot of value is lost by farmers during coffee sales, where nearly 86% of farmers
sold coffee unprocesseioreover, eva those who procesd coffee before selling it, only 26

% proceseadall produce, and the majority (58%) proaesigist half of the total coffee produce.
About 56% of those who process coffee, owrd processing equipmenandthe rest hird

from dther individuals or farmer associations. On average eaffeefarmer prodiced 324
kilograms of coffee per season, with an average selling price of nearly 0.4 USD. Hence, the
average income from coffee saleas about 116 USD per seasdralle4.7), while income of

other crops averages at 89 USD.

Table 4.7. Overview of incomes and expenses of coffee farmers in DRC. Source: RUNRES FVC context
study for DRC, 2019.

Incomes andExpenses per season Mean, (Std. Dev)
Quantity in KGs of coffee sold 324.2 (300.2)
Income in USD from coffee sold 116.3 (125.1)
Price per KG of coffee sold 0.371 (0.180)
Income in USD from other crops sold 89.2 (84.1)
Total farm production cosia USD 66.1 (65.2)

Labor was the costliest activity fonostfarmers (69%), followed by fertilizers (17%en
planting materials (7%), and then equipment (6%tgrestingly, aout 66% of farmers stated
that the quality of planting materials they useds good, while 16% stressed that it was
excellent However,this stands to be verifiegsince nostfarmers selsupply themselves with
inputs, and may not fairly judge their own suppfbout 69% of farmeralsostated that they
produced good quality &iee, while 20% indicated that the quality tifeir harvest was

excellent. Therefore, about 89% wemmvinced that the coffee quality was at least good, hence



thscoul d be an opportunity t o vaumadditonHeweheg us e h ol
from Figure 4.9, mostcoffee (70%)is sold as fresh harvest. This is a low value form which
almost undergoes no processing at all. It could highlight areas where farmers incomes could be

improved if focus on value adatin would be prioritized.

m dry harvest without husks = freshharvest
dry harvest with husks powder

flower

Figure 4.9: Forms in which farmers sold their coffee in DRC.

On marketing, early 81% of farmersell their coffee to markets or other actoesd18%

consume theircoffeeat hone, while abou2% reportthattheir coffeeis wasted thuspointing

to loopholes in processing and storage technolodiee wasted coffee alongside the waste

from coffee processings mostly wused as compost ( 60 %) [
proportion of this waste (40%) is just thrown away at dumpsites. Farmers mostly (82%)
exchange informatiowith buyers of coffee and sellers of inputs by using the pexsperson
mechanism. Information exchange minimally done by phone calls or SMSs (10%).
Therdore, timely and wider infornteon access (through using telecommunication
infrastructure) could be a | Muchofthennformita@ct or t
is abouproduct quality (41%), prices (34%), available market (12%), and proddctipance

(8%). Farmers lap coffee buyers committed primarily by ensuring good coffee product
performance (32%), offering buyers good prices (28%), good personal relations with their
customers (13%), monopolizing supply (being few suppliers in somedos#&il1%), and

being consistet with their coffee supplies (9%)Vith regards to policies, most farmers %0

arenot aware ofaws or policies, nor regulations thgdverntheir farming businesses.

However, 23% indicated that tteewere regulations puin place by coffee cooperatisdike
CPCK, REAK, TCC, etc. for instance guidelines on producing good quality coffee. Nearly
equal numbers akomen (80%) and men (81%ijeinvolved equally in coffee farmingithin

their respective householdslowever,about91% of farmers @nnot access any credit from a



financial institution for their farming businesses, be it formal or informal institutions. @iall
farmers who anaccessnstitutions to support them financially, only 9nget such support
from formalinstitutions. Anoter 91% of farmers who would access financial sup@oronly

getit from informal institutiondike colleagues or cooperatives. Fortunately, 68% of coffee
farmers in DRC are members of a coffee cooperafiveperativesrethereforean alternative
averue to channel financiand other technicaupport to farmersAs expected, most farmers
(90%) experience challenges in their farming activities. Interestingly, 72% of farmersstill
opportunities incoffee farming, and thigs a fim groundto acceptfor co-investmentby
farmers.Challengesnclude lack of regular markets, proper guiding policies, production and
processing equipment, good planting material, effective transportation means, and proper waste
dumps pest and diseaseswaoffee prices, ahhigh operational costs.

Coffee middlemen

From Figure4.10, the largest category (78%) of middlereea collectors, followed by fresh
coffee traders (11%), then assemblers (10%), andik#&shsporters (1%)Mostmiddlemen
(83%) rey on coffee farmars for coffee supplies, while 17% of middlemen produce the coffee

themselves.

m Collectors = Transporters Fresh crop traders Assemblers

Figure 4.10: Categories of middlemen in the coffee value chain in DRC

Middlemen kep their coffee suppliers committed mostlgraugh good personal relations
(46%), consistently keeping in the coffee middlemen business (24%) and offering them a good
price (16%). Middlemen mostly (41%jandle coffean dried harvestorm but with husks,
followed by dried harvests but without husks (31%). A good number of middlemen also handle
fresh harvest (17%), while a small section handieddiehusked bean&%). All these forms

are largely unprocessed, thus showing outstandinghipaitéor value addition. The average



amount of coffee that middlemen collected/assembled/transported per season was nearly 2,560

kilograms, while they traded (themselves directly) an average of 497 kilogieab$e4.8).

Table 4.8. Quantities of coffee handled and sold by middlemen per season in DRC. Source: RUNRES FVC
Context study for DRC, 2019.

Quantity of coffee and associate incomes and costs per season Mean (Std. Dev)
Quantity (KGs) of coffee handled 2,559.7 (4,540.0)
Quantity (KGs) of coffee handled and sold 497.2 (418.5)
Income (USD) from coffee handled and sold 513.8 (397.4)
Costs (USD)ncurred from handling and selling coffee 193.6 (250.7)
Income margin (USDirom handled and sold coffee 457.0 (385.9)

Middlemen mie a seasonal average income of 514 USD, costs of nearly 194 USD, and an
income margin of 457 USDAbout 84% ofmiddlemen @ not process coffee, they hand it to
the buyer #er it is collected fromsuppliers (farmers or middlemen themselves). However, for
the 16% that process coffee before selling, about 51¥0bwn processing equipmef all
those middlemerhiat proces62%do it by hand Mostmiddlemen (70%) agree that the quality
of coffeethey getfrom farmerss good, but only 13% of these agree that the quality of coffee
they hando the next actor in the chaisgood. This still points to a significant gap in value
addition.With regards to policies and layabout 35% of middlemen actwledgeto be aware

of laws or policies or regulations guiding their businessspecially those oguality control.
Middlemen nention that they need laws that limited fraud. S¥imiddlemen (74%) hae
involved women in their businesses and only 46% ofdieiden involveonly men. This,
howeverexcludes business owners, who may be mostly malesen dominate activities like
attendng to shops, while men dominate running machamestransportation. Most middlemen
use the perscto-person mechanism to exeige information with customers. Only 35% of
middlemen use electronic, which may pointlitmitations for proper middlemen busings
performanceThe most important aspect (45%) of information exchasgeroduct quality,
followed by product prices (24%), @nhen availability of markets (19%pnly about 16% of
middlemen access credit from financial institutions, and only just abaN&54%) of these
financial institutionsarewilling to lend to middlemen forniby. Lack of access tereditcould

beaseriaus impediment toniddlemenbusiness financing.

Nevertheless97% of middlemeibelievethat they gt good quality coffee from sytiers, and
about 92% tmk that they pass on good quality coffee to the next actors. Only about 8% of
middlemen add value toffee handled, and pass ohetterquality of coffee to the next actors.
This could be the trading middlemen, but still it points to a very small proportion of middlemen



that engagin value addition for better return&s with other actors, mos67%) middlemen
acknowledge that thetae challenges in their business, however, nearly half (46%) of these
alsoacknowledge that theeee opportunities. Among the challenges lack of proper policies,
cash liquidity, regular markets, and access to expertcadvAmong solutions to these
challengesare improved policies, improved access to markets, frequent monitoring, proper
transport equipment, and expert trainings. Among the opportuargeavailability of high
quality products, low cost raw materials, ligemandor coffee and its produst

Coffee retailers

Most retailers (84%) ¢ their coffee from farmers directly, and 14% supply coffee to
themselvesCooperativesel to only 2% of retailersGenerally, 95% of retailere satisfied

that they gt good quality coffee supplies fromteer farmers, cooperatives, or themselves.
From Table 4.9, coffee retailers averagely handle 1,221 kilograms of coffee per season,
however some of theg@0%) hae some coffee thadid not sellduring thepreviousseason.
Theseare the retailers who handle larger sums of coffee. Retagdralsout 1,794 USD per
season in incomes, with average costs being 121 USD. Generally, retailers realize an average

income margin of 1,282 USDepseason.

Table 4.9. R e t eoffele gquantitis handled, incomeand expenses per season in DRC. Source:
RUNRES FVC Context study for DRC, 2019.

Quantity, income, and expenses Mean per season (Std. Dev)
Quantity (KGSs) retailed 1,220.9 (1,524.2)

Quantity (KGs) retailed but not sold 332.8 (875.8)

Price (USD) per K®f coffee sold 0.911 (0.288)
Income (USD) from coffee retail 1,793.5 (2,627.2)
Costs (USD) due to coffee retall 121.4 (164.0)

Income marginJSD) from coffee retail 1,281.6 (1,771.6)

Females dominate coffee retail business in DRC. About 82% of retailers involve women in their
retail businesses. This is a larger proportion compared to just th8®cinclude males.
Surprisingly, most femaleare involved in transportation activities (26%gerhaps due to the
nature of the retail business (gathering smaller amounts from various points, and selling these
again in small amounts), attending to retail shops (18%), or as cleaners Qt09630% of
retailersare aware oflaws, policiesand reglations that guide their coffee business activities.
Interestingly retailerscansell 92% of the coffee they haegler seasoriviost retailers (50%)
exchange information by the perstmaperson mechanism. Thislktherefore highlights a good

proportion of the actor segment that uses relatively slower or ineffective communication



channels to reach out to their clientele. Prices dominate (32%) the information component that
is exchanged, followed by product qugl(30%), available markets (16%), and thnduct
performance (12%).

Retailers keptheir customers committed to their retailer services through mostly (38%) good
personal relationsfollowed by offering good prices to customers (36%), and then being
consistent in their supplies to their clierfZ2%).O0nly 16% of retailers statithat they could
have access to financial suppdhus nability to access financial support could be one factor
hampering optimal gains for retailers. Similarly, or even warely 6% of retailersre able to
access technological suppadvdoreover,the majority of those who access financial support
(63%) can only access it from informal institution®\s usual, mostetailers (74%) face
challengesamongwhich are the lack of poper transportation means, credit access, reliable
market, and supportive policiebbw coffee prices, pest and diseases that damampiglr
quality, poor equipment, and high operational cdstavever, mostetailers (56%) stated that
thereare still opprtunities in the coffee retail busines®r example, pssibilities to improve
coffee productivity, coffee exportatippossiblegovenment support through cooperatives and

partnerships to improve value addition, for better prices and income margaikavailable.

Coffee Processors

Most processors (82%are involved only in processing coffee, while the other 18%aldo
process wast Processorsre mostly supplied with coffee as a fresh harvest (72%) ttzand
mostly Il this asdried harvest withat husks (33%]Jo next actorsKigure4.11). However,

this processings not necessarily in the supposedly best possible form (powder). Only just about
6% of the processorel their coffee in a powder form. Hengenovations to ensure better
value addition would be necessary.
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Figure 4.11: Formsin which processors were supplied or sold coffee in DRC



Customersr e mostly committed to pssasteeansstentwith pr od

supplies (27%). Other reasoase good personal relationd8%) ensuring good product
performancg18%) and engaging in promotional activities for clie(i8%) Generally all
processors state that tilecoffee theyaresuppied withis of good quality, and that the products
are also of good quality. Moreover, 40% of processors state that the supplied cuality
excellent, while a lower proportion (33%) state that thaliu of processed produat
excellent. FromTable 4.10, processors handle an average of 2,858 kilograms of coffee per
season, selling at price of 0.8D per kilogramProcessors earn a seasomalomeof 2,369
USD, and spaih519 USD on this production, subsequentlyking amargin of 1,734 USD.

Table 4.10. Quantities of coffee handled, incomes, aneikxpenses of processors per season in DRC. Source:
RUNRES FVC Context study for DRC, 2019.

Quantity of Coffee processed, Incoras and Expenses Mean (Std. Dev.)
Quantity (KGs) processed 2,857.9 (2,776.5)
Price (USD) at which coffee was sold 0.783(0.341)
Income (USD) from coffee processing 2,368.6 (2,959.7)
Expenses related coffee processing 519.4 (1,305.9)
Income margin (USDfrom coffee processing 1,733.8 (2,082.1)

Processors mostly (33%glstheir processed coffee as dried beans without hiclkswed by
peeled dryharvestanddry pellets (22%or each. They also sll peeled fresh beans (11%).
Only 6%, Il coffee in he powder formimplyinggrosdack ofvalue additionthatis supposed
to be enhancedspeciallyat the processor levetlalf (50%) of the processors stated thalythe
are aware of policies, regulationsand laws governing their businessesfor instance,
certification of washing stationthat ensurehigh quality of processed productand export
permits that allow alignment to international standa@iste a high number of females (83%)
and males (94%pre employed in processin§irms, implying a nearly bknced gender
involvement in coffee processingtagties in DRC.Females dominate harvesting activities,
while males dominate the running of machines and business ownership £&60é6)g buyers
for coffee fromDRC processors include Starbucks/American gtee, traders, Rwanda
traders, Oxfam, buyers dm Belgium, Lenar Holland, Marchands, Virunga coffee, and

individual consumers in DRQ.ocal buyersare mostly located in Kavumu.

Most processors exchange information with customers in person (50%), fdlloyv@hone
calls / SMSs (17%), and least (11Einternet.Processorsre yet the only actors IDRC using
internet. Processors mostly dgetheir customers committed through offering good product

performance (44%), personal relationships (33%), and @imepromotional initiatives (11%).



Only 17% of pocessors @an access financial/technical support in their business. Fortunately,

all those processors witanaccess financial support, do so from formal institutidieshnical
inputscan, however be accesedfrom both government and private institutioAbout 77% of
processors acknowledge to be facing challenges. Interestingly, 82% of processors still envision
opportunities around coffee processing. Among the top challenges mentioned included lack of
expetise on effective processing techniques, irreguimarkets, lack of proper processing
equipmentand lack ofaccess to credit among others. Amaghted opportunitiesre high

coffee quality and productivity, good marginal benefit, high coffee demaddasnmaterials

being cheaplyavailable. About 8% of processors valorize their coffee waste into manure.
However, most processors only process solid waste, leaving the liquid waste as a nuisance to
the environment. About 91% of coffee processokelti@eir own processing equipmem.big
proportion ofprocessors (44%)akso by hand, which compromssgroduct quality, while 39%

used traditional means (combining hand and some tools). Only, 17% use mechanical means to

process coffee waste.

However, éongsidecoffee production and processing, households@isduce waste, and we
briefly show how this faired along the coffee value ch&rom Figure 4.12, the largest
proportion of wastas collected from households (73%bllowed by other business areas
(markets) at 20%, and least was from specialized markets (food markets) at 7%. Ths implie
that the largest available waste in DRECfrom households, and thus measures for proper

collection, management, and recyclingvaste should primarily be focused at household level.

m food markets households markets

Figure 4.12: Sources of collected waste for waste processors in DRC.

However, nostwaste collected (57%3% mixed (organic and inorganic), while 4i%opurely

organic, implying that theris sufficient clean waste to facilitate recycling and reuse of waste.



However, a large proportion of mixed waste busd@aste processing activitiellost of this
waste (76%])s given to waste collectors, while 19P%dumped on nearby dumpsites. Only
about5% of household wastes reused within households. Most household waste (82%)
collected by private companies, while NGOs collect 18% nunicipality (3%) and other
entities collect the other wast&herefore, foasing on private companieould be a rare

reliable wayto valorizehousehold waste in DRC.

Coffee wholesalers
All wholesalersare involved in the import and export of coffee and 4% of wholesalers also deal

in beans. Most wholesalers (96%) receive thewmaaterials from farmers, while 22% thiem
receive raw materials from own effort@nly 4% received raw materials from farmer

cooperativesKigure4.13).
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Figure 4.13: Suppliers of the raw materials to coffee wholesalers

Most wholesalers lap their suppliers committed to them by offering good product prices

(85%), and ensuring good personal relationships (41Rigu e4.14).
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Most wholesalers (85%) receive the coffee whils iinprocessed but at least dried with husks,
and 15% of wholesalers receive ceffas a fresh harvest. This still points to a huge value
addition gap at atelhelarfeat supmiarssobffee teewhaesalers.hMost
coffee wholesalers (74%) sell their coffee products locally, while 37% of wholesalers export
coffee pralucts. Some 11% of wholesalers also import cofféigufe 4.15). On average,
wholesalers handle 2,491 kilograms of coffee per season (6 months), and aveslhgelghs
kilogram of coffee products at 3 USD. About?8®f wholesalers incur operational expenses
and costs, most of whidire due to transportation needs (41%), communication costs (38%),
vehicle hire (12%), and storage facilities (9%). Only 22% of whatesahae their own

equipment for use in their whokds businesses.
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Figure 4.15. Categories of activities of coffee wholesalers in DRC.

Laws, polies and regulations

Nearly 78% of wholesalers state thet affected by laws, policies and regulations. Amthrgg
regulations that enable wholesaler business include regulations for fair taxes, packaging and
quality assurance, and paying license to have the right to sell producisetiaathorized by

laws. Amorg regulations mentioned to hamper wholesale busseasglude those lenient to

corruption, and those enforcing harassment during tax collection.

Gender
All stakeholders (100%) involve females in their wholesale businesses, while only 48% of

wholesalersegage males. On average each wholesaler eafilddemales and 6 males in their
business activities. Both females and mades mostly involved as either transporters or

financiers/ownersKigure4.16).
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Figure 4.16: Different coffee wholesale tasks in which males and females engage.

Market information

Most wholesalersedl coffee in dried hArvest form without husk (63%lrigure4.17). Usually,
coffee is consumed mostly asvater-solublepowder but none of the wholesaleedl soffee in
a powder form. This points to potential opportunities with regards to value additdn,

processing of coffee into higher value products.

m Fresh harvest ® Dried harvest with husks = Dried Harvest without husks

Figure 4.17: Forms of final products that coffee wholesalers sold to customers.

Almost 89% of wholesalers use phone calls to excharigemation with their customers, but
still a large proportion (56%) still use the pergofperson mechanisnirigure4.18). However,
interestingly, unlike in most actor segments in the coffee value chain in the DRC, wholesalers

(4%) also use the internet to reach out to their customers.
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Wholesalers mostly exchange information about new products arrivals (70%), product prices
(59%), and product qualities (119)igure4.19),impl yi ng t hat product att
is important for wholesale business. Wholesaleepkbeir customers committed through
ensuring good product performance (78%), carrying out promotional initiatives (26%), and

being consistent with their supplie&A).
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Figure 4.19: Typesof information th& coffee wholesalers shared with the customers

Institutional support

Only 11%, and 15% of the wholesalear® able to access financial support, and technical
support respectively,Kigure 4.20). About 67% of those who access financial supporsal
through formal institutions, while the rest use informal institutions. Technical sugpalgo

accessed from none for prafiternatonal organizations.
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Figure 4.20: Whether wholesalers accessed financial and technical support in DRC

Challenges and solutions

About 96% of wholesalers indicate to be facing challenges, hovd@érof them note that
thereare opportunities in the coffee wholesale business dbatd be harnessed. The most
notable challenges identified by wholesalars low product price (89%),rited cash for
business (31%), lack of enabling policy environm@ai®6), and lack of access to credit (23%)

(Error! Reference source not found).
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Figure 4.21. Challenges that coffee wholesalers experienced in DRC.

Several solutions to the above challengeere identified by wholesalers, and these mainly
include improved access to competitive markets (63%) that would enablesaleot get a
better product price, improvements in policies and regulations governing the coffee business
(48%) to standardize epations that ensure quality and eliminate corruption, and improved



access to credit (37%jyvhich would enable wholesalers dimce their business operations
without failure Figure4.22).
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training
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Yes WO

Figure 4.22: Solutions that were identified by wholesalers against challenges

Among the opportunities identified by wholesalers were tge Hemand for coffee products
(78%) that still prevails and guarantees market, good qualitye coffee product (26%), and
possibility to leverage with existing initiatives (26%@r instance those focused on other crops
or achieving community welfarenprovements through enhancing the production, and value
addition in the coffee chairfrigure4.23).
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Figure 4.23; Opportunities identified in the coffee wholesale business.



4.2 Arba Minch, Ethiopia

Introduction

In this section we present findings from the dr@a food value chain (FVC) in Ethiogfeigure

4.24). The chainis generally incomplet& consisting of only farmers, middlemen, processors,
and consumersT@ble 4.11). Again we first present the household data of the sample (all
considered as consumers) thatludesinformation on income, expenses, access to food, and
social acceptance and willingness of households to useqtsoderived from waste. Lastly,
insights aroundpecific questions per actor segment were presented. Note that consumers are

inclusive of other actors.

Arba Minch FVC & IP hubs

Innovation hubs

A Anjolus site
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Figure 4.24: Sampledespondents across the bananaueathain. (n =795).



Table 4.11: composition of the banana value chain in Ethiopia. Source: RUNRES FVC Context study for
Ethiopia, 2019.

Actor Number of respondents

Farmers 190
Middlemen 10
Processors 1
Consumers 594

Results

Banana consumers

All sanple data were collected from the Arba Minch regibhe average age of respondents
was45 yearsMost respondentsse within 11 kilometerdrom the city center and hageyears

of formal education.Table4.12).

Table 4.12. Descriptive statistics of demographics of the saple. Source: RUNRES FVC Context study for
Ethiopia, 2019.

Variable Mean
Age (years) 44.9
Formal education (years) 5.9
Distance to nearest big towKMs) 11.4
Household size (persons) 5.8

Moreover, about 35% of the consumers did not receivéanyof formal education, and 34%
have only accomplished primary schookifure 4.25). With regards to gender densions,

about 79% of the sample were males, and 84% of the sample were married.

m none = primary = secondary = tertiary = university = others

Figure 4.25: Educational backgyund of the consumers in Ethiopia



This may reflect a largely dominated male society thatiso still observant of strong social

relationships. About 67% of the studyds resp

Circular economy awareness, knowledg and support

FromFigure4.26, themajority (80%)of the consumers indicated that thaeg at least aware of

the circular economy (CE) concepts (39% strongly agree, and 41% agree). Another nearly 80%
at least agreed to himg knowledge about CE concepts (32% strongly agree and 48% agree),
while nearly 74%at least agreed to be willing to support CE concepts (31% strongly agree, and
43% agree). This may imply significant societal support for CE conneptdentified in otler
city-regions. This could indicateotential societal support for innovations thatuld employ

CE concepts in closing nutrient loops in food systems in Ethiopia.
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Figure426. Consumer s3 ageandsupms forcircidan ecambney concepts in Ethiopia

Income
About 47% of consmers in the banana value chain in Ethiopia derive their livelihood incomes

from agricultural activitiesRigure4.27); 98% of this agricultural incomis from crop sales.



m non agricultural = agriculture

Figure 4.27: Sourcef consumer incomes in Ethiopia

More importantly, fromTable4.13, on average the agricultural income per season (6 months)
is higher (1,326 USD) than the nagricultural income for # same period (963 USD). This
also includs households that depend on baypes of incomeandexclusively on one type.
Further, this may imply that agricultuiestill a very important source of livelihood sustenance

in Ethiopia.

Table 4.13. Different types and quantities of cosumer incomes in Ethiopia. Source: RUNRES FVC
Context study for Ethiopia, 2019.

Type of Income per season Average (USD)
Agricultural income 1325.8
Nonragricultural income 962.5
Household income 1139
Annual household income 2278

Expenses
FromTable4.14, nearly 72% of total household annual expenditure of consumers in Ethiopia
iss dedicated to food consumption. This may imply that the saspbnsiderably a poor one

since the largest proportion of their earnigs all spent on food consumption. On average,
each household consusabout 39 kilograms of food weekly.

Table 4.14. Types ofHousehold Expenses per season (6 months). Source: RUNRES FVC Context study for
Ethiopia, 2019.

Types of Household Expenditure Average (USD)
Non-food (Annual) 482
Food (Weekly) 23.4
Food(Annual) 1,214.3

Total food and notfiood (Annual) 1,697.5




Householdfood insecurity access

FromFigure4.28, between B20% of consumers areon@rned that thego not haveenough
food, or @ not consume the preferred food, or consume limited variety of foo@stfivod
that trey b not want to eat, he low quantities to eat or even sometinggswithout food.
Interesting, nearly 80% of consumersrbt have these experiences or worBes implication

of relatively ample food access.
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Figure428 Assessment of ¢ on sinseogity acbessunsEthiopgal ds 3 f ood

In Figure429, we assess the consumersd food securi
access aspextAt least 67% bthe consumers reported the frequency of these food access
concerns as being rarely experiencebhfortunately, 7B 15% of consumers reported to
experience indicators of severe hunger (having no food to eat, being hungry through the night,

or staying hungnpoth night and day.
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Figure 4.29: Frequency of the food insecurity access among consumers in Ethiopia



Consumers3 soci al attitudes and willingness
From Figure 4.30, most consumers agreed (at least 68% across all CE aspects) thatethey
willing to pay for fertilizers derived from organic waste (compost, urine, and feces)ycard

accept to consume foods grown using these ferlitéowever, the stronger agreement was

with regards to compost and its food products, followed by urirteleast with fecal matter.

Pay food cultivated with fecal fertilizer ||| NERNRNN |

Accept food cultivated wit fecal fertilizer || D |

Pay food cultivated with urine fertilizer || N NN |
A food culti d with uri

ccept foo :(::rttill\i/za:re with urine e I

Pay food cultivated with compost || N N NN |

Accept food cultivated with compost || D |

0 10 20 30 40 50 60 70 80 90 100

M strongly agree W agree neutral disagree m strongly disagree

Figure4d3: Consumer s3 acceptance an dvedwriodiuttsimEghioges s t o pay f ot

Banana farmers

All farmers interviewed in the banana FVC in Ethiopia producescoogtheir farms. However,
amajority (78%) of these farmers use mesropping (grow one crop per plot at agbhe other

22% use intercroppingdn average, farmers produce about 4,116 kilograms of bananas (fresh
fruits) per season. In addition to banaresut 69% of banana farmers alsovgmangoes,

and 29% also gwv maize. All farmers (100%)ahot treat their bananas before selling them to
customes, implying a huge gap in value addition through innovative processing activities.
Furthermore, when asked rate the general importance of the other crops to the household
with regards to the RUNRES crop (banan#s}majority of the farmers (59%) ratehese as

less important compared to the RUNRES crop (figu82). This highlights that the banana
value chain chosen by RUNRES quite important in enhancing household and community

livelihoods in the region.



m Less than the RUNRES crop = Equal to the RUNRES crop
= More than the RUNRES crop

Figure 4.32: The impotance of the other crops compared to bananas in Ethiopia

Farming inputs

The mostsoughtafterinputs by farmers in the banana FVC in Ethiojgiglanting materials
(91%) Figure4.31). About, 46% of farmersuy margo seedlings, 41%uy banana suckers,
and 4% maize seeds. Only about 8% of farmaydértilizers. Yet, all (100%) of the fertilizers
bought by farmerss inorganic. Therefore, this points to an opportunity for success with

innovations focused on orgariartilizer production from waste recycling in Ethiopia.

m maize = fertilizers = banana suckers mango seedlings = others

Figure 4.31 Inputs bought by banana farmers in Ethiopia

All farmers in the banana food value chain of Ethiopia that use fertilizers also gro@ maiz
(100%), while among tomato farmers only 13% use fertilizers, while among exclasiaad

farmers, only 7% used fertilize(Bigure4.32).
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Figure 4.32: Crops forwhich farmers usetertilizers in Ethiopia

The najority of the farmers (89%) sowdarm inputs from their own efforts, implying
existence of somewhat needy seed systems, since most faemleptasting materials as the
main input. However, about 9% &drmers source inpsitfrom government agencieBigure
4.33).

= My own efforts = Non Government organizations = government = imported

Figure 4.33: Sources of farming inputs in Ethiopia.



Income and expenses

FromTable4.15, the average farm household income per seiasb@68 USD, and about 11%
of thisis derived fronproductionprofits. The average price per kilogram of banaisearound

1 USD. The figures inlp that on average a farm houséh made about 900 USD over six

months (per season) from banana farming.

Table4.15. F a r intemes ahd production costs in Ethiopia. Source: RUNRES FVC Context study for
Ethiopia, 2019.

Far mer s3 i costsoperseasom n d Average (USD)
Farm income 1,067.7
Farm production costs 122.4

However, only about 64% of farmers incur production costs, and the largest component of these

costsis from planting materials (44%), equipment (35%), labor (20Bé}tilizers are spent on
the least (1%]Figure4.34).

m planting material = labor = equipment fertilizers

Figure434 Acti vities on which farmers3 incurred costs

Quiality of the inputs used and that of banana arvests

FromFigure4.35, only about 32% of farmers stated that the quality of their planting materials

is at least good. A very large proportion (698)evethatthe quality of the planting materials

is fair, sonething which could still point at gaps in the banana seed systems in this city region.

n



m excellent = good = fair = bad

Figure435 Far mer s3 opi ni onglantmdproatetial t he quality of the

Also, about 39% of the farmers stated ttinet quality of their harvested banamaat least good,
and the largest proportion (59%) could only state that the quality of harsdsis (Figure
4.36). This points to some gaps in the value chain that caxleited to enhance the value of

t he ¢ hai mBaitker throughdroductigity enhancing innovations and mechanisms (like
organic fertilizer application) or sma#cale processing techniques to improve the quality of the

final product.

m excellent = good = fair = bad

Figure436. Far mer s3 opinions about the .quality of Dbananas



Markets and Information
About 95% of the farmers sell bananas, while about 8l5#consume the bananas. Just a few

farm household&2%) reported wastagerigure4.37).

bananas not sold

bananas wasted

bananas consumed

bananas sold
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Figure 4.37: Destinations of the farmers3 bananas in Ethiop

On average farmergk 2,581 kilograms of fresh bananas gegison andonsume 89 kilograms
(Table 4.16). The existence of relatively large farmers as well as sscale farmers may
explain the bigger average for sales and a comparatively swvedhge for consumption.
Moreover, bananas in Arba Minch could also be mostly farmed for commercial purposes. The
potential existence of relatively large farmers may also be highlighted by the relatively large

wasted average (113 kilograms).

Table 4.16. Quantities of bananas sold, consumed, wasted or not sold in Ethiopia

Quantities of Bananas Average (kilograms)
Sold 2581
Consumed 89.2
Wasted 112.5
Unsold 50

Most of the bananas sold in Arba Minch region (9&86)sold as fresh harwsswithout any
processing Kigure 4.38). This is an indication of the big potential for value addition in the

banana FVC through processing.



m dry harvest with husks = dry harvest without husks
= dry pellets = flower

= fresh harvest

Figure 4.38: Differentforms in which Bnanas are sold in Ethiopia.

Cooperatives also play a very big role in the marketing of bananas in Arba Minch. For instance,
most farmers (56%)edl their bananas to cooperative unions, and only 38Wts traders
(Figure 4.39). Most of the clientsare located at Arba Minch region, which points to an

opportunity of an existent export market.

m Cooperative Union = Traders = did not sell

Figure 4.39: Destinationsvhere farmers sold their bananadtthiopia



The majority ofthe farmers (95%) share information with their customers in person, or by
phone call (81%), or phone SMS (20%). The interaetot used by farmers for information
exchange, which could point to causes of inefficiencies wgards to access to quick and
reliable information Figure 4.40). Other mass communication channels like radio and

televisionare alsonotused by farmers.
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Figure 4.40: Farmers3 communication strategies in Ethiopia

As expected, the highest volume of informatisexchanged about product prices (86%), then
product quality (66%), product performance (57%) and new patenarkets (54%)HKigure

4.41). This implies that market actoespecially customerare keen about a number of product
attributes, which would béé areas where value addition would happen so as to enhance value

chain gains to the various actors.
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Figure 4.41: Types of information that farmers shared with customers in Ethiopia



Most farmers keptheir customers committed to their products through offering their customers
good product prices (56%), free giff&l06), and ensuring good personal relationships with their

customers (50%).

Laws, policies and regulations thaimpact the banana business@ivities

About 99% of farmers in the banana value chain in Ethiopiaotlthinkthey areaffected by

any policies laws or regulations in guiding their businesses. Only one farmer stated to be
positively impacted by policies (the agriculture developinpeticy). Perhaps, this may indicate
some awareness gaps among farmers about policies and regulations that neyahe for

their businesses development.

Gender
The nmajority of theindividuals involved in the banana farming business activiaresmastly

males. Nearly 83% of farmers involved males in their activities, while only 43% did involve
females Figure4.42). This reflecs a sharp gender divide with regards to involvement at the

farmersd segment. G e n dgempldyad ,in faomactisities foraegeey 0 n e

females males

three males involved.
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Figure 4.42: Proportions of females and males involved in farm activities in Ethiopia.

Moreover, most of the femalese engaged as cleaners (56@)minate the harvesting and
transportation activities. Intestingly, howevera good proportion of females (26%) in the

banana farming business#e financiers/ownergFigure4.43).
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Figure 4.43: Roles of females and males in farming activitieEthiopia

Institutional support
Only 5% of the farmers in the Arba Minch regiorveaccessdfinancial support. Moreover,

those whdlid indicate to acessing financial support did so from informal institutions only.

Challenges and opportunities

Most of the farmers (67%) agreed that theyefelallenges in their farming activities, yet even
a bigger proportion (80%)oadnot seem to realize any opporiigs to overcome these
challengesKigure4.44). Thereforejnnovations that could overcome these challenges would

significantly help to i mprove farmers3 wellb
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Figure 4.44: Challenges and opportunities faced by farmers in Ethiopia.

Among the challenges most nimned by farmers include low crop productivity, lack of water,
low soil fertility, and lack of good transport infrastructure. Howeweost farmers proposed

solutions that would help them overcome these challef@egsstance access to credit, water,



infrastructure (technical and physical), markets, and trainings. Opportunities highlighted by
some farmers include high productivity lednanas in the region, high benefits through high
prevalent prices, and relatively cheap raw materials.

Banana middlemen
Most middlemen (100%) also consider themselves as traders, while another 30% consider
themselves as either assemblers or collectolt@nsporters.

All middlemen (100%) ¢ some bananas supplied to them by farmers, while about 70% of
middlemenare alsofarmers (seHsupplying). Only 20% of middlemenegsupplies from
cooperatives, thus pointing to a limited interaction between middlemen and farmer
cooperatives. About 80% of middlembalievethat the quality of banana supplissof good.

A majority of the middlemen kep their banana suppliers committegt ensuring consistent
markets (40%), good personal relations with suppliers (30%), offering suppliers good prices
(10%), and promotional initiatives (10%). Only about 20% of middlemes@ Haeir own

equpment used in banana business activities.

Quantities handled, incomes, and expenses

On average, middlemen handle 68,400 kilograms of fresh bananas per seasan,obiit c
manage to move about 90% (61,320 kilograms) of this volume to intended cliehtagatty
10% wasted in the proces3aple4.17). This may point to needed improvements in physical

and technical infrastructure to preserve the fresh produce.

Table 4.17: Quantities of bananas handled by middlemen, their incomes, and costs per season in Ethiopia.
Source: RUNRES FVC Context study for Ethiopia, 2019.

Quantities of bananas, and incomes / costs Average (USD / Kilograms)
Quantity handledkilograms) 68,400
Quantity treated (kilograms) 61,320
Income (USD) 8,337.6
Costs (USD) 3,373.2

On average, middlemen made 8,338 USD in revenues per season, and incurred 3,373 USD on
business related services and costs, leaving them with at)866fUSD. All middleren sped
money on services. It is important to note that tlaeeetwo largescale middlemen with an

income above 15,000 USD and this could have driven the net average revenues high.

Laws, policies and regulations

Only 20% of middleran stated that tlyfollow any policies, regulationgr guidelines in their
business activities. This may still reflect a significant -agrareness on policies among
middlemen in the banana value chain in Ethiopia. Middlemen highlighted the peace and



stability impact of the ragations that allows them prepbusiness activities, while high taxes
are seen to bring about disabling business environments. Middlemen stated tlase thegre

that the governmenms responsible for regulan of thebanana business.

Gender

All middlemen (100%) involve males inglr business activities, and only 60% of middlemen
involve females. Moreover, majority of the females involastlengaged as cleaners (50%) or
station/shop attendants (33%). Only about 17% of fenaedggavolved as financisror owners,

as males dominate(20%).

Market information
All middlemen (100%) exchange information with their customers using the phone call
mechanisms, and a huge proportion (80%) sty oelthe persotto-person mechanisnkigure

4.45). Still, middlemen did not use the internet for communication.
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Figure 4.45: Mi ddl emends communication. strategy with custom

All middlemen exchange information witheir customers about prices, product quality, and
available marketsThis implies that information about product attributes and markets was
essential. All middlemen (100%gls bananas in a fresh form, aadnajority ofthem (70%)

keeptheir customers gomitted to their business activities by offering customers a good price.



Institutional support
None of the middlemen in the banana value chain in Arba Minch egprtreceie any

technical support, moreover only %00of middlemen receive financial [goort via formal
institutions. This poird to existent gaps with regards to extension services that could help

middlemen add value to their products.

Challenges and opportunities

All middlemen (100%¥tated that theface challengesas well as envisiongportunities within

the middlemen banana businesses in Ethiopia. Among highlighted chabesatgek of proper
transportation infrastructure, proper guiding policies, and technical expertise to improve the
value of thei productsAmong the solutions higighted by middlemen thabuldhelp alleviate

these challengeare improved market infrastructure, provision of transport equipment, and

proper technical and financial support

Banana processors

The banana valuehain in Arba Minch largely lackseveraactors it only has one processor.
The processor produces processed banana products. $ipplied with fresh bananas by
farmers, and he graslithe quality of the supplies as good. The processor has his own eqaipm
to process bananas, which he doeghaaically. The processor hanslien averager2,000
kilograms of bananas in a season (six mgntdrsd makes roughly115,676 USD while
incurring 5,124 USD in related services and costs. The processor isifredé/Eemales and two
males in the business agties. Females participatprimarily in tasks such as cleaning, while

males un machines and transport ramaterials and products.

He indicated that therare policies, regulationsand laws that affect the bananagessing
business activities. He higghted local government policies that enhance setalle
processing, provision of free productjoand shopping area for organized small scale
enterprises as enabling regulations. However, he mentioned bureauardmeriees and
insurance as particulaggulations that hamper business activities in the processing segment of

the banana value chain.

The processor categorized the quality of the processed banana as excellent. Customers for the
processor are supermarkdocated in Addis Ababa. The processses phone calls and

person conversations to interact with his customers, exchanging information mostly about
prices, new products, product quality, and product management means. The final product is

processed it a powder form, and the processoepghis customers committed through



consistent supplies. About 3,000 kilograms of the processed baa@na®t sold due to

unavailable market.

The processor receigéinancial support from formal institutions and teatal support from
government and inteent i on al NGOJ3s. H o w e chalengesfdar ms#ancer oc e s -
lack of proper processing equipment, but also identified available high demand for the

processed products as an opportunity.



4.3 Kamonyi, Rwanda
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Figure 4.46: Kamonyi food value chain respondents.



Introduction

This section presents the findings of the cassava value chain context study in Fvigumaa

4.46). The cassava value chain in Rwanida compéte with input suppliers, farmers,
middlemen, processors, retailers, wholesalers, and consuhadie 4.18). First, we present
descriptive results from the whole sample (considered all as conspooesjng infomation

on household biodata, incomaad expenses, food access, and social acceptance for products
derived from organic waste recycling. Afterwards, specific results per actor segment in the

cassava value chain are presented.

Table 4.18: compostion of the cassava value chain in Rwanda

Actor Number of respondents (N)

Input suppliers 25
Farmers 519
Middlemen 61

Retailers 154
Processors 23
Wholesalers 12

Consumers 1318

Source: RUNRES FVC Context studyRuanda, 2019

Results

Cassava consumers
The average agef the consumersampledwas 44 years, and households live an average

distance of 6 kilometers from the nearest big towabp(e4.19). Consumers on averageve 6
years of formal education, armdmajority of consumers (61%) Y@ only attaineda primary

level of education.

Table 4.19. Description of the sample using key demographic variables. Source: RUNRES FV(6text
study for Rwanda, 2019

Demographic variable Average
Age (years) 44
Formal education (years) 6.4
Distance to nearest big town (kilometers) 6.2
Household size (persons) 5.2
Gender (na | pescdntage) 51

About 69% of consumers in the cassavdueachain of Rwanda have only accomplished
primary school at most, while approximately only 10%d® university degree~{gure4.47).

Nearly, 78% of the samphee males, and 83%remarried.



m none = primary = secondary = university = tertiary m others

Figure 4.47: Categories of educational levels attained by consumers in Rwanda.

Circular economy (CE) awareness, knowledge, and support

About 88% of the consumers at least agreed thatateegware and knowledgeablearcular
economy concepts, and thlaeywould support these concejdtput into practic€Figure4.48).

Thisis anindication that the sample (consumers) would support innovations fostering a circular
economy model thrah activitiessuch arganic waste recyclingnd reuse in the production
systems. This social support for CE concepts presents a good opportunity to predict success for

CE innovations ithey arerolled out around the cassava value chain in Rwanda.
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Figure 4.48. Awareness, knowledge and support for the circular economy concept (CE) in Rwanda

Incomes and expenses
About 54% of the consumers earn their income from agricultural actidteésvhich most
income comes from crop salé46%), and 18%s from livestock. This indicates the importance

of the crop value chains in Rwanda.



From Table4.20, the average income from nagricultural activities (1,236 USD$ higter

than that from agricultural activities (429 USD). This may still imply that there could be a large
number of consumers depending on agriculture but with minimal earnings froraltagec
hence pointing to an opportunity to enhance value addition ioudtyre so that reasonable
earnings could be realized.

Table 4.20. Values of consumer incomes and expenses in Rwanda. Source: RUNRB&FContext study
for Rwanda, 2019.

Annual Incomes and expenses Average (USD)
Agricultural income 429
Non-agricultural income 1,236
Household income 1,683
Non-food expenses 630.1

Food expenses 629.7

Nearly 75% of annual incomes of consumers in Rwasdgpent on consumption (food, and
essential noffiood services like edation, health, housing, and other utilities). This points to

minimal reserves (25%) that could be available for investment.

Househot food insecurity access
FromFigure4.49, at least 32% of all consumers expressauie sense of being food insecure,
to the levels of having less mea#sd at least 6%ave beermungry without food. This may

imply some food insecurity tendencies among consumers in the cassava value chain in Rwanda.
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Figure449: Consumer s3 as ssecurtymedratcespifi Rwarida i r f ood



In Figure4.50, we looked at the frequency of food insecurity access aspects assessment among
consumers. Unfortunatelpyver 13% of the consumers reportedhtiving experiencedften

the scenarios of food insecurity, including going hungry for a night without food. Those who
experience these food insecurity scenarios at sessetimesranged from 33% to about 52%,

which isalso a substantial range. Therefore, this could point to prevalent food insecurity among
consumers in the cassava value chain in Rwanda, thus presenting an opportunity for appropriate

innovations to foster improvements in the food security status ofie@ns in this chain.
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Figure 4.50: Frequency of the food insecurity access among consumers in Rwanda.
Consumers3 soci al attitudes towards <circul ar

At least 85% of the consumaersthe cassava value chain in Rwanda, would accept food or pay
for food cultivated from circular economy (CE) model reliant production conceptsstance

composting, use of urine, or feceBigure 4.51).
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Figure 4.51: Acceptance of circulaeconomy aspects, and willingness to pay for waste derived products



However, this acceptance (consumption or payment) of food prodsicssrongest for
composting (up to 99%yvhile for consumption and payment for food products produced using
human wasteufine or feces), there was disagreement of up to 9% among consumers. Therefore,
this could point to areas of awareness needs for certain CE concepts (human waste use) among
consumers, and as well as proper innovations that would make it possible to ses€he

concepts in ways that would enhance consumer acceptance.

Cassava input suppliers

Most of the input suppliers ( 8pfesilizers,whi®wanda.
another substantial proportion supgkeeds for maize (54%), rice (50%nd tomato (31%).

Only 12% of input suppliersedl cassava cuttings. This could point to needs in improving the

cassava seed systeras these currently seem to be less supddy input suppliers.

Fertilizersare mostly provided to input dealers by goveent (54%), agralealers (19%), and
N G O J19%), while farmer associationgrovide about 4%. This could point to potential
existent platforma to work with government agensien fertilizer input supplies within the

cassava value chain.

Income and expeses

On average input suppliers provide 2,968 kilograms of fertilizers per season, at an average cost
of 0.44 USD, and a price of 0.59 USD per kilogram of fertilizers. Suleselyythe average net
revenue of input suppliers per season was 569 UGih|€4.21).

Table 4.21. Quantities of fertilizers, incomes, and costs of input suppliers pexeasonSource: RUNRES
FVC Context study for Rwanda, 2019.

Quantities of fertilizers, incomes, or expenses Average
Quantity handled (kilograms) 2,968
Net revenue (USD) 569.4
Cost per kilogram (USD) 0.44
Price per kilogram (USD) 0.59
Price Margin pekilogram (USD) 0.15

Market information

All input suppliers (100%) exchange information with their customers using the gefrson
person mechanism, while 62% of these also use phone calls, and 4% use the SMS texts. None
of the input suppliers use the imteet B which could be an avenue to enhance customer
information access more effectively and cheapany of the input suppliers exchange
information about product prices (69%), new arrivals (46%), and product performance (13%)

Most input suppliers leptheir customers committday offering these customers good product



prices (73%), good product performance (62%), and ensuring good interpersonal relations
(8%).

The largest clientele (96%) of input suppliars the farmers, ahfarmer cooperatives provide
only 4% of the market. This may imply that input suppliers in the cassava value chain in
Rwanda, may still be lacking largescale sales, due to the limited access to markets from

cooperatives.

Regulations,Laws, and policies

Eighty-five (85%) of input supliers in the cassava value chain stated to be affected by laws,
and policies. Among mentioned policies that
farmers on proper planting and management of cassava fields, ipgoundormation on
genuine psticides and seeds, and those sensitizing farmers on proper application of fertilizers
and other inputs. Input sellers also mentioned that failure by government to set prices for inputs
is one way which hampgtheir input sale businesses. Input sellesnsider the government

to be responsible for regulating their input sales businesses.

Gender
Input suppliers generally engage females and males in their input sales businesses in a nearly 1
to 1 ratio.Eachgenderis most |l y 1 nvol v eidessesras shap @ttendanserl | er

financiers/owners, but males also dominate the transportativitiestFigure4.52).
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Institutional support

About 65% of input sellers stated that tlaeg able to access financial support for their business
activities. However, this suppas mostly accessed through informal institutions. Thauld
indicate a gap ithe value chain for the contributions of formal financial institutions towards

value addition and other activities of input sellers in the cassava value chain.

Challenges and opportunities

A majority of the input sellers (58%) ackntedgethat they facehallenges in their business,
however, a larger proportion of these (92%) still also believe thatdreeopportunities in the

input seller business in Rwanda. Among the challenges mentabedtie lack of access to
credit, pestsrad disease problems tHanit productivity, lack of markets, and high operational
costs. With regards to opportunitierany input sellers still predict high business benefits
(64%) that could be premised on the existence high demand (20%) of theirtprddig may

point to pevalent room for improvements at the input seller segment that could enhance returns
to input sellers. This may be well aided with appropriate innovations to address the identified
challenges that still inhibit realization of thespportunities. Input skers suggest that
innovations that help to enhance access to credit, functional markets, and knowledge on pest
managementanhelp them realize these opportunities.

Cassava farmers

All farmers produce crops on their farms anghgority of them (58%) d so under the mono
cropping methodThe rest (42%) use intercropping. However, about 75% of the farmers also
grow other crops on their farms. On averagach farmer produse49 kilograms of fresh

cassava per season, and an aveod@é9 kiograms of other crops.

Nearly 57% of farmers indicated that the other crops that they ge, in their view more
important for their livelihoods than the RUNRES crop (cassava). This may point to other
existent important food value chains iwv&daB and these could be for those crops that are
dominantly farmed for cash. However, 43% farmers indicated that the other crops grown on
their farmsare either equal toor less importanthan, cassavéor their livelihoods than the
RUNRES crop (cassayB implying that cassaves still a very important food value chain in

Rwanda



Farming inputs

The inputs most used by farmerg cassava cuttings (90%), bean seeds (87%), maize seeds
(35%), and fertilizers (34%). Other inpuespecially seeds of kiaus crgpsare also used, for
instance,soybean, tomato, and bananas. Unfortunately, most of the inputs (55%) used by
farmersare sourced from naeofficial sources (own efforts), which would be an avenue for poor
quality seeds. Moreover, government sosrpsovideonly 7% of the inputs used by farmers.
Therefore, innovations to guarantee proper and functional seed systems could significantly
improve crop productivity in this cassava value chdiith regards to fertilizerghe majority

(77%) of the farmex using értilizers use organic fertilizersvhich implies that farmerare
comfortable using organic fertilizers. Therefore, innovations that would enhance recycling and

availability of organic fertilizersould potentially boost productivity in the cagaaraluechain.

Moreover, 88% of the fertilizer using farmers source the organic fertilizers from their organic
produce, while 9% eitherdy the organic fertilizer or source it from their organic produce, and
only 4% huy the organic fertilizer. This thefiere impies that some farmeese even already
buying organic fertilizers, and with innovations to ensure abundant and quality organic

fertilizers, more farmers could be willing to buy such organic fertilizer.

Most farmers use fertilizerbowever on keans (66% cassava (61%), maize (40%), bananas
(16%), coffee (12%), and tomatoes (9%), (figdrEs1). A majority of the farmers (69%) ke

their input suppliers committed by paying for inputs in cash.
Cassava Equipment

All farmers (100%) process (handl¢éo add value) their crop traditionally by hand, and only
44% of farmers treat (pealed and dried) their cassava. Yet, over 80% of those who treat their

cassava merely dump the waste.

Income and expenses
From Table 4.22, cassava farmers k@& an average income from cassava of 150 USD per
season, andnaverage of 77 USD from other crops, thus an average agriculturedénftom

crops of 164 USD. This still shows relatively smaller incomes to farmers.

Tabled22Far mers3 farm income and expenses per season (6
Context study for Rwanda, 2019.

Type of income or expense per season Average (USD)
Cassava income 149.9
Other crops income 76.6
Agricultural income (crops) 163.7

Price per kilo of fresh cassava 0.197




Production costs 56.7

Production costs average at 57 USD per season, and nearly 58% of farmers incur production
costs, but spetthese mostly on hiring agricultural labor (4)L%uying fertilizers (25%), hiring
land (20%), and then acquiring/renting equipment (13%).

Quiality of inputs, and harvested cassava
At least 81% of farmerselievethat the quality otassava seeds used, as well as that of cassava
harvestedre at least god. Thsimpliesthat farmers still have trust in the cassava seed systems

available even whertheyare largely run by farmers themselves in an informal setup.

Additionally, this shavs that there is still quality in the cassava seed inputs and the pheduc
the chain, in that innovations that help enhance and preserve this quality would potentially bring

about sizeable benefits to farmers and other actors.

Markets and information

As nearly 88% of the farmers also consume cassava, 48% of farmers sesteaplart of this
cassava, an implication of commercial activi
household harvesb49 kilograms of cassava per season, prosdésifea kilogram (0.09%) of

the harvest, als 342 kilograms (62%) at an erage price of 0.19 USD, and wasabout 57

kilograms (10%), while 165 kilograms (30%) consumed, Table 4.23). Less than 2% of

farmers reported to have had some cassava wasted (neither sold nor consumed).

Table 4.23. Quantities of cassava sold, consumed, wasted per season in Rwanda. Source: RUNRES FVC
Context study for Rwanda, 2019.

Quantities of cassava Average (kilograms)
Harvested 548.6
Processed 0.441

Sold 342.2
Consumed 165.0
Wasted 57.1
Unsold 0.00

Source: RUNRES FVC Context study for Rwanda, 2019

Most of the customers to farmea® individual consumers and retailers. Most farmers (80%)
sell cassava as peeled dry harvest, while another proportion gei%gssava as fresh harvest.
This implesselling cassava with limited value addition due to low processing levels, some 3%
of farmers sll cassava in powder form. Thus, this imeglthat inrovations that can process
cassava athe farmer level could diienable farmerso earn significantly from their cassava
salesBmore so that a big proportion (95%) of farmers stilll sassava at most as peeled pellets.



Farmers alsodl their cassavarpducts to collectors, cooperatives, middlemen, exporters,

proaessors and wholesalers.

Most farmers (96%) exchange information with their customers via pésgoerson
mechanism, while 45% use phone calls. Tlaeeeno farmers using the internet or masedia

channels like radio or TV to reach out to their customiensovations aiding farmers to use

these avenues could enhance farmer gains in the cassava value chain through facilitating access
to a bigger cassava demand mark#éast of the information echanged between farmers and
customerds about product price {86), product performance (49%), product quality (25%),

and new product arrivals (18%). Farmergkéheir customers committed by ensuring good

product performance (86%) and offering customexsdgoroduct prices (40%).

Laws, policies and regulations

Only 2% of the farmers stated to be affected by policies and regulatimimgy their farming
business. Again, this could point to a gap in policy awareness among farmers. However, those
that are affected gave examples of policies that enhance use of fadilio increase the
productivity, training on cultivation (e.g. planting and the use of fertilizeagy land
preparationas those that have enable their farming businesses. All farmerderthgimselves

as the responsible authorities to regulate ttessava farming business.

Gender

All farmers (100%) involve males in their farm business activities, while about 92% of farmers
involve females. The average number of females involvedrimirig activitiesis 2 females
compared to 3 males. The majoritiythe females and males involved in farming activities are

engaged in land preparation, weeding, harvesting and transportation activities

Institutional support
About 29% of farmers receivanfincial support, but only 48% of these receive this from forma

organizations. Only 3% of farmess e part of f ar mers3 cooperati:

Challenges and opportunities

About 73% of farmers stated that theydahallenges in their farming business activities.
However, 87% of farmers stated to be able to vision plausip®rtunities in the farm
business, and solutions against these challenges. Among the pressing challenges mentioned by
farmers include lack of credit, expertise, markets, crop seeds, proméegglianting material,

waste dump sites, and proper knowledgehow to manage waste, low soil fertility, and pest

and diseases. Some of the solutions to these challenges identified by farmers include improving



access to agricultural inputs (e.g. ferglis and seeds), markets, knowledge on pest and diseases

and acess to credit, and enabling policy.

In figure 4.158, farmers identified various opportunities that are still prevalent in the cassava
value chain in Rwanda, that would enabl e en
mostly 1 dent iH proguttivity §339%),agoca Fusality hof pgoducts (29%hd

potential high benefits (25%) that would render cassava useable as a cash crop, animal feeds
raw material, and a reliable staple food cBxs opportunities upon which farmers could still

leverageon in the future.

Cassava middlemen

All middlemen (D0%) in the cassava value chain of Rwaa@acollectorsAll middlemenget

their cassava supplies from farmerst lanother 33% of middlemen sugptassava to
themselvesgrealso farmers),Rigure4.53). Interestingly, no middlemen source cassava from
farmer cooperatives. This could point to possible tendencies of exploitation of farmers prevalent
in the cassava chains, especially for those farmersavehwot coperative members nor selling

to cooperatives.
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Figure4.53. Sources where middlemen got their cassava supplies in Rwanda

On average, each middleman hasd{ecluding where middlemen were hired to make
ddiveries only) about 18,852 kilograms of fresh cassava per season, while 6,425 kilograms of
this cassavas successfully traded as own business commodity (treafeah)le@.24). This

implies some middlemegre actally also partially traders.



Table 4.24: Quantities of cassava handled and treated byiddlemen per season in Rwanda. Source:
RUNRES FVC Context study for Rwanda, 2019.

Quantities of cassava Average (kilograms)
Handled 18,851.8
Treated 6,425.4

The majority of middlemen lep their customers committed by providing a good collection
facilitiesd condition to maintain good produ
for the services.

Equipment

About 79% of middlemen he& and use their own equipment in handling cassava, but 89% of
them use just traditional equipment. This could point to a dire need for innovations that are built
with modern expertise, to enhance the value of the cassava haadtégdrocessed by

middlemen.

Income and expenses

The average income of middlemen from their cassava business per ise@82rJSD, while
costs average at 55 USOaple4.25). The average final price per kilograma#ssava handled

is 0.12 USD. However, this price is inclusive of those middlemenandalso farmers, and
those whaare purely (trading collectors), hence it could be slightly deflated, since about 33%
of middlemenuse an estimated price for the raw maadés (theseare famers but also

middlemen).

Table 4.25. Incomesand costs of middlemen per season in Rwanda. Source: RUNRES FVC Context study
for Rwanda, 2019.

Incomes and costs Average (USD)
Income 602.36
Costs 55.04

Price per kilogram 0.117

About 70% of middlemen indicate that the quality of the cassavaatteeupplied with, and
that of the product they hammderto the next actor in the chairs good While the remaining
30% stated that this was irad excellent quality.

Laws and regulations
All middlemen stated that theaee no laws andegulations that guide their business, something
which could still point to existent gaps around awareness of policies, laws, and regulations

This issomething tht couldhinderbusiness growth for middlemen in Rwanda.



Gender
All middlemen (100%) includ® males in their business activities, while about 95% of
middlemen involved females. An average of 4 females, and males are involved in each

mi dd| e ma n JctvitidsinRwamdas s a

From figure 157, indeed the roles of females were quite diverse. Howeost females were
involved as financier/owner (18%), or in harvesting (17%), or as cleaners (17%), and other
activities (20%). Most of the males were involvadransportation (33%), harvesting (23%) or

financier/owner (17%).

Market information

The mgority of middlemen sold/handed their crops to retailers or consumers. About 60% of
middlemen sold their cassava as a peeled dry harvest, or fresh harvest (2884, mwder
(15%). This still points to large opportunity into processing, and innovatansould aid with
processing could earn middlemen better retukfiddlemen used only the perstmperson

(95%), and the phone calls (44%) mechanisms to exehiaufigrmation with their customers.

None of middlemen uses internet or mass media like radibVs. Therefore, innovations
enabling effective, rapid, and timely information exchange could enhance middlemen business
activities. Middlemen mostly exchangedarmation on product attributes like prices, quality,

and performance.

Institutional support
About 39% of middlemen received financial support and 88% of these got it from formal

institutions. However, none of the middlemen was able to receive anydaicsurpport.

Challenges and opportunities

With regards to challenges, 69% of middlemetesithat they facehallenges in their business
activities However, 98% of middlemen envisioned opportunities in the business. Key
challenges mentionate lack & markets, lack of credit, transportation difficulties, equipment,
and the lack of waste dunmg sites. Among the opportunities that could be harnessed around
the cassava middleman business potential high benefit (53%) (cassava could soon have
multiple purposes like use in confectionaries and animal feeds production), high demand for its

consumption being a traditional staple (22%), and high productivity (19%).

Cassava retailers
All retailers deal in cassava, and most of these (6 #dhgir raw mataals from farmers, as
nearly 10% supplthemselves (were also farmerBjgure4.54).



m farmers = my self = others

Figure454 Retail ersd ®Rasmdava suppliers in

Most retailersare suppled with cassava in the form of dry pellets (61%), or peeled dry harvest
(4%), or fresh harvest (2%), and others forms (32%gure 4.55). Most retailers kep their
customers committed by ensuring good product perdioce (65%andoffer these customers

a good price (51%). On average, each retailer haddd80 kilograms of cassava per season.
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Figure 4.55: Forms in which cassava was received by the retailers in Bavan



Equipment
Nearly 92% of retailers lva their own equipment for handling their cassava retail businesses.

Incomes and expenses
A retaler on average eas®45 USD per season, while indag costs of 81 USDTable4.26).
The average selling retail price per kilogram of cassava30 USD. About 56% of retailers

incur retail business related cqdts instance transportation, licenses, and storage fasilitie

Table426. Retailers3 incomes, and expenses per
Incomes and expenses Average (USD)
Price per kilogram 0.302
Income 544.8
Retail business costs 45.0

Source: RUNRES FVC Contesttidy for Rwanda, 2019

Quiality of cassava

Nearly 98% of retiders stated that the quality of the cassava raw material they receive from
suppliers, as well as the quality that retailers pass on to the next actor in thes dtdeast

good (of which sljhtly over 33% labeled it as excellent qualityigure4.56). This may imply

that retailers are comfortable with the quality of available cassavahwiay give ground for
investment in innovations that could enhance this quality, and hence income returns to chain

actors.
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Gender

Retailers slightly employ more males (76%) compared to females (71%) in their business
activities.The najority of the females anthalesare mostly employed as shop attendants or as
owner/financier of the business. Males also dominate the transportatiotiesscof the cassava

retail business.

Laws, policies and regulations

Only 2% of retailers indicatettiat they araffected by plicies and regulations. This could also

point to enormous needs around policy awareness among cassava retailers. Neyehbetes

affected by laws, mentioned the tax law and hygiermgch helps enhance their clientele base

as customers would preferyong from hygienic places.

Markets and information

An average of 63 kilogram of cassaganot sold per retailer per seasomostly due to the
deterioration of the cassava quality. This may point to the need for innovative technologies that
can improvehe quality of the cassava duristprage beforé is sold. To a lesser extent, lack

of market contributeto the unsold cassava quantities. All customers (100%) to retaikers
consumers. About 90% of retaileedisassava flour (powder form) as thediiproduct to their
customers opeeled dry pédts (9%). Nearly, 99% of retailers exchange information with the
customers via the persa@o-person mechanism, and another proportion (52%) use phone calls

or SMSs. Retailers as well never use the internet.

Retailers mostly exchange information with amsers about cassava attribytes instance
product performance (68%), product prices (53%), and quality (15%), as well as information
on arrival of new products (24%). On the other hand, retailestkeir customers committed

by ensuring good producedormance (87%), offering customers a good price (35%), ensuring
good personal relations (9%), and consistent supplies (6%).

Institutional support

Only about 35% of retailers receive financial support feirtbusinesseB and only 56% of

these could gesuch support from formal financial institutions. None of the retailers could
access any technical support. This points to areas of need especially with storage expertise,
handling, and packaging where effeetand appropriate innovations could be useeinhance

retailersd returns from the value chain.

Challenges, solutionsand opportunities
About 66% of retailers statatlat they facehallenge in their business activities, while about
98% still hare their sights on opportunities around the cassavailrbusiness. Among the



challenges identifiedre the lack of markets, expertise, proper transportation equipment, and
lack of credit. Retailers also suggested solutions that include improving access ttsmarke
transportation equipment, and expert knalgle on proper handling and storage of cassava.
Opportunities sighted include high potential to increase raw materials supply, financial capital

from investment companies, and potential of good quality prodhactscassava.

Cassava processors
All processors (100%) in the cassava chain deal in crops. Most of the processors (96%) receive
supplies from farmers directly, while 9% of processwesalso farmers (sefupply), and 4%

are supplied by cooperativegure 4.169).

Most processorare supplied with cassava as peeled dry pellets (57%), while another proportion
are supplied with fresh harvests (30%), and the least (Eré&o3upplied with flour (powder

form). On average each processor hamdlmout 9,29Xkilograms of cassava per seasdhe

largest proportion of processors (87%gktheir suppliers committed by ensuring good quality

of the processed cassava, as well as offering good prices (61%) for the raw material. About
90% of the processors own theguipment for processing cassavia other products that they

sell to other chain actors.

Incomes and expenses

On average each processor s&,354 USD per season, selling at an average price of 0.30 USD
per kilogram of processed cassava, and imogicosts of 93 USD on processing\gees and
needs Table 4.27). However, only 65% of the processatatedthat they incursuch costs

(processing related production costs).

Table427.Pr ocessorsd3 incomes, costs, and price per seaso
FVC Context study for Rwanda, 2019.
Price, income, and costs Average (USD)
Price per kilogram 0.300
Income 2,354.2
Production costs 92.59

Most of he expenseare due to transport, licenses and taxes, labor, rent/building, repairs, fuel,

communication, and parking costs.

Quiality supplied cassava and that of products

All processors (100%) stated that tpeality of the raw materials they supgr the products

they Il areat least good. Moreover, 38% of processors stated that the quality of raw materials
is excellent, while 35% stated that the quality of the processed preduaellent.



Laws, policies, and regulations

Only 13% of the retailergated hat they are impactdaly laws, policiesand regulations with
regards to guidance of their business activities. This could also point to a lacking awareness
with regards to regulations and policies. Amgaihe laws stated to be enabling processing
businessesre the hygiene, and price standardization laws. Affected retailers did not cite any
regulations thahampertheir business activities. Processors consider themselves as the ones

thatare mandated taofmulate laws or norms to regulate their basses.

Gender

About 39% of processors involve females in their business activities, while the larger proportion
(83%) involve males in their processing activities. Most of the fenaaéesmvolved as shop
attendants (50%), or financiers/owners (43%). Mafsthe males §4%) are involved as a
financier/owner, but thes&e also engaged in other activities like transportation, harvesting,

and running machines.

Markets and information

All processorsall their products and most of the buyears alsoconsumes or retailersMost
processors (65%k# cassava as flour (powder) or other products (30%). This stiltgtoimn
opportunity for improvement at the processor segment in the cassava valueruthéon
increased returns to the processors. Most resaghechange infonation with clients using the
personto-person mechanism (96%), and only 44% use the phone calls. None of the processors
use the internet nor mass media like radios or TVBe nmajority of the processors (61%)
exchange information with ctsmers about pduct prices, new arrivals (48%), product

performance (44%), and product quality (4%).

Processors ensure that theyepedheir customers committedy ensuring good product
performance (91%), offering good product prices (52%), and ensywd) personal tations
(17%).

Institutional support

Only 13% of the processors receive financial support. Interestingly, 66% of those who receive
financial support d so through formal institutions. Unfortunately, none of the processors have
access to thnical support.Yet, technical innovations thatan help with more efficient
processing mechanisms, as well as handling and packaging of processed products, add value to

the final products and enhance business returns to the processors.



Challenges andopportunities

A majority of the processors (61%) statedt they facehallenges in their business activities
Interestingly, even a larger proportion of the processors (#6%gnfident that therare still
opportunities in the cassava processing bgsindome of the challenges mentioaedlack of

effective pest and disease management, proper processing and transport equipment, and proper
seeds among others. Processors suggested solutions to these challenges which include
improving access to proper éwledge on pest and disease management (54%), provision of
proper transport equipment (15%), and improvements in access to market (15%). Among the
opportunities sighted by majority of the processoehigh demand of cassava products (38%)
thatcould be $ed in confectionary industry as well regular flour consumption and good quality

of the cassava product (29%).

Waste from processing activities
FromFigure4.57, most processors (52%) dump the solid and liquidevasin their processing

activities.
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Figure 4.57: End-destination of waste produced by processors in Rwanda

Thisis not onlydangerous to the environmesince the cassava waste is acidic, but could also
denyprocessors a descent income to improve their net returns from the cassava value chain.
Therefore, innovations that could valorize the solid waste into animal feeds oremand

liquid waste into pesticides or herbicides, could tremendously receerigk to the
environmentwhile alsoenhanag incomes of processors. Interestingly, already 13% and 4%

of processors use the solid and liquid waste in their businessesasithe for machines or

manure in their farms or feeds for their animals.



Cassava wholesalers

All wholesalersare involved in cassava related activities. The average quantity of cassava
handled by a wholesalés 44,667 kilograms per seas@irable 4.28). Wholesalersedl each
kilogram of casava for an average price of 0.@8D andincur costs worth 45% of their
average income (8,065 USD). About 83% of wholesalersdspemey on wholesale services
and costs, averaging to 3,654 USD. Most wholesalersisperervices like storage facilities,

transportation, labor, and communication.

Table4.28. Whol esal ers3 selling price, incomes, an
Quantities, incomes, and expenses Average (kilograms / USD)
Quantity handled (kilograms) 44,67
Income 8,064.5
Price peikilogram 0.269
Expenses 3,653.8

Source: RUNRES FVC Context study for Rwanda, 2019

Quiality of raw materials and products

All wholesalers (100%) agrdehat the quality of the raw materials thare supplied with, and
the praluct the wholesalers pass to the next actor in the chainleast good. Moreover, 42%
of wholesalers stated that the quality of raw matesiaxcellent, while 58% stated that the
quality of their final producis excellent This may imply that wholetars have confidence in

cassava handled in the value chain.

Laws, policies and regulations

Only a quarter (25%) of wholesalers stated that they affected by policies, laws and
regulations Thisfurther poinsto possible needs on policy awareness adtwssassava value

chain actor segments. Among the policies/laws/norms that wholesalers identified as enabling
their business activitiesre those related to hygiene, certification of product quality, and
persmal commitments to agreements. Wholesalegstifled failure of policies to tame price
fluctuation as hampering to their business activities. Wholesalers however, consider themselves

as the responsible party to make laws regulating their business.

Gender

All wholesalers use males in their businassvities, and about 83% of wholesalers also engage
females. On average, themee ten females in a business where fematesengaged, while
malesare seven. Interestingly, the largest proportion of femalgslved in the cassava
wholesale business (53%re engaged as financiers/owners, and a sizeable proportion (27%)

are engaged as shop attendants. Males engaged in various cassava wholesale business



activities, but mostly also as financiers/owners (38$hpp attendants (19%), brokers (10%),
running machines (5%), and other activities (29%). However, the large proportions of
financiers/owners could still point to existence of smallle wholesale activities that are
dominated by small companies whoseaties are largely run by their owners. Théore,
innovations that could scale up operations to accommodate more youths or women as

employees in the wholesale business would be helpful.

Markets and information

About 58% of wholesalerdo not sell all teir cassavdan average of 720 kilograms) diee

heavy rains, bad storage facilities, quality going bad during transportation or storage, and
sometimes lack of customers. Most wholesaletktiseir cassava to retailers and consumers,
and rarely to other olesalers. About 53% of wholesaleedl her cassava as a flour product,
while others (47%)dl it as dry pellets. Tlsipoints to the need for innovations that can add and
improve value of the final product sold by wholesalers to enhance returnsots. adt
wholesalers (100%) share informatiith customers by phone calls, while about 83% use the
personto-person mechanism. Although thés@o use of the internet, at least the radio/akés

used by about 17% of wholesalers.

Mostwholesalers exchanged information with their customers on prpdaes (75%), product
performance (67%), and available product markets (50%). Wholesatp$hle&r customers
committed by supplying genuine products (50%), offering good product pricés),(28ad

ensuring consistent supplies (17%j)ost wholesalers deeribed their relationship with their

customers as (very) good.

Institutional support

Interestingly, nearly 75% of wholesalers could access financial support, 89% of which would

be from formalffinancial institutions. Moreover, unlike other actors in taesava value chain

in Rwanda, 25% of wholesalers could access technical support. This may point to the sizeable
capital i nvest ment of t heconfidemde éosiestreentsrdn b u s i n
both financial and technical institutions. Howevuanovations should also be in place to enable

a secure financial and technical support access by other actors in the chain to improve business
efficiency, and add better value addition tb @oducts at each chain segment for better

economic gains tde respective actors.

Moreover, all wholesalers (100%) that receive technical suppmdpdhrough government
institutions and internati on gilvatdp@Bt@edskipsthdihi s ¢



may be necessary in upscaling cassava wHheldassinesseand that only need to be well

facilitated to achieve their maximum potential.

Challenges, solutions, and opportunities

Only 17% of wholesalers statélgiat they facehallenges irtheir business activities. Among

the challengesrethe lack & substantial financial capital for investments, limited means of
product transportatiomnddelayed payment for supplied products to customers. Wholesalers
also mentioned environmental reldtbarriers, such as low quality of cassava during rainy
seasondack of proper drying, and storage facilities during rainy seasons. Some of the solutions
identified by wholesalers against these challenges include facilitated access to drying
equipment, fnancial capital, and competitive markets. Wholesalers alsoasizgll the need

for law enforcement towards payments of their supplied prodoctisinovations thatould
enhance efficient and timely delivery and payment systems for supplied productssaiérsle

also identified opportunities around the cassava whieldsssinesses such as valorization of
cassava peels, low cost and readily available raw materials, and high demand for cassava

products.

Waste from wholesale activities

All wholesalers (100%generate solid waste, while a smaller proportion (58%) genéraig
waste. Unfortunately, all liquid waste (100%)dumped in open dumpsites without treatment
or processingthus exposing the environment to a toxic and acidic liquid waste. Also, 25% of
the solid wastes simply dumped in open sited=igure 4.76) However, some wholesalers
instead recycle the solid waste to some other useable pro#actgistance animal feeds
(50%), and compost manure (25%). Therefore, innovations that could vatesizeaste could

help protect the environment from toxic ressduwhile &o enhancing household incomes for

wholesalers.



4.4 Msunduzi, South Africa



5 Waste Stream Mapping

Acronyms and abbreviations

ABM
CMS
EDTEA
FGD
IDP

IP
MDB
MRF
MSWM
NDP
NERL
NEMA
SSI
SMME
VIP
UDM
WBMU
WWTP

Area Based Management

Content MatteSpecialist

Economic Development, Tourism and Environmental Adfai
Focus Group Discussions

Integrated Development Plan

Innovation plan

Municipal Demarcations Board

Materials recovery facility

Municipal SolidWaste Management
National Development Plan

New England LandfilSite

National Environmental Management Act
Semi Structured Interview

Small Medium and Micro Enterprise
Ventilated Improved Pit

uMgungundlovu Digict Municipality
Waste Management Business Unit

Wastewater Tratment Plant



5.1 Bukavu, Democratic Republic of the Congo

Data collection and methodology

Key persors or stakeholdexinvolved in waste managemewas contacted for @ interview.
Theseinclude representatives from thrunicipalty, those of the Ministry ofhe Environment

as well as the agents of National and international NGOs (Mercy Corps, FAO, etc.) working in
the field of wastenanagement. Themphasis was more on the partners of the RUNRES project
with whom we conducted interviews (CMS) and focus gsolrpaddition, br eachinnovation

plan (P, 4 focus groups were organized with the 4 member organizations of eabihele
include 2 organizatios that collect / evacuate waste, 1 organization that recovers
(transformation) wastend acoffeecooperaitve whosemembers use the end product (compost)

of waste processing in agricultural production. 6 to 10 people were selected by each
organization toparticipate to the focus group discussion. The DRC RUNRES project
coordinatorwho has a good understandioigthe actors involved in waste management in the
city of Bukavu and whose position has facilitated actes$ise information necessary for this
study, conducted this field work.

Solid waste management and collection

Waste management remains a very ditiproblem in the city of Bukavu. Despite many
initiatives initiated by local authorities, civil sociegnd other organizations working in the
field of management and recovery of waste, the problem continues to worsen. According to
interviews conducted Mh municipal experts, 15 volunteer organizations are committed to
collecting and transporting the wagteoduced in the city. These organizations together are

capable of mobilizing only 23 trucks with a total capacity of 6 téigufe5.1).

Figure 5.1: Municipal dump truck offloading solid waste at the Elakat/Bagira Dumpsite



Best estimates indicate that, of the total amount of waste generated within thegioity
roughly 12.5% is collected and transported to the two officralipgnized finatlumps (Elakat

and Bagira). Although some collection and valorization of the wastene by scavengers at
the dumpsitemost of the waste that does make it to the laliglfs left to accumulate on site.
Consequently, the official landfills acerburdenedand residents of the city region turn to a
variety of informal dumping sitesoads, markets, trails, neighbors' plots, rivers, lakes, wells,
abandoned buildings, tmeofs of other people's homes. Of particular concern is the regular use

of coastal areas as a dumping ground.

Officially, the Bukavu city has only two final dumpdakat and Bagira, that are supposed to
receive all the waste generated in the city. Havewn addition to these official dumps, there
are dozens of other unofficial dumffsigure5.2 & Figure 5.4) located throughout the city
where households that are not sultmx to waste collection and disposal services deposit their
garbage at night-urthermore, his phenomenon becomes more pronounced during the dry
season because the raghiging this periodllow these individual$o unload their garbage cans
and throw tleir waste in the canal§igure5.3) whosecourse in the Ruzizi riverand Lake

Kivu.

Figure 5.3: city canal used to transport wastes away from households



Generation andcomposition

Based orrecentdata, the city of Bukavu produces more than 608 tdrwaste daily, from
which around 70 tons comes from housebdRI7kg per day per HH) and 530 tons from urban
markets. From these 600 tons, 93% is biodegradBhlagizi etal, 2011; Bisimwa et al, 203

The main sources of waste &med markets, households, restauraatsd food depot®r shops.
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Human waste management
Sanitation policies in Bukavu and the DRC
As said previously, laws regulating the managemérntuman waste exist as webut the

problem is in the application of these laws.

Among theeare:

Ordinance N 74345 on public hygiene in urban areas at his art. 3 and 4
Art 3.

1 ° every dwelling, store, workshop, site, office or any other establishmestbe provided

with sanitay and suitable toilets. By dwelling is meant the premises occupied by a single family

2 ° in towns and urban districts and near factories, construction sites, counters, workshops,
offices, heads of industry or trading housesmalso establish latrineoff the use of their

servants and workers

The latrines will be established under the conditions prescribed by the ordinances

regulating the constructions in the cities and the urban districts.

The emptying will be removed andried or dumped under the cdiions to be

determined by the local territorial authority.

Art 4: When a water distribution network operates, only the use of flushing latrines connected
to septic purification tanks, to the collectors of a purification statdr to the public sewer
network is authorized when the latter is was established according to the sewerage system.

Latrines, septic purification tanks and purification devices can only be built after
approval of the plans and devices by the technicadatiion of hygiene works abé

provincial capital or by the local public hygiene service.



The current sanitation landscape

Human waste generation

Collection, treatment, disposal

Rural areas

Generally, traditional (pit) toilets are commonly used byrenthan 96% ohouseholds, the
choice of this system is motivated by several factors including:

- Lack of an adequate water supply system to operate the modern toilet system
- Limited resources to buy and build modern toilets

- No space problem as is thase irurban areas

- Habit

We can point out the presence and use of some modern toilets in hotels and in the houses of
certain executives and notable of the villagewell. However, the proportion of residents in

these areas that use waterborne sanitasioedjgible.

Urban areas (Bukavu)
The situation is a bit compleRpweveras can be seen thefigure below, three systems have
been identified including:
- Modern toilets (septic tankhatareprimarily used in the municipality of Ibanda (town
cener)
- Traditional toilets (pitthatareutilized in the communes of Kadutu and Bagira (the
peripherief Bukavu city).
- Toilets connected to the rivers and whasstinationis Lake Kivu and the Ruzizi
River. This last system is matly used in the commmes of Kadutu and Bagiraand

dominates the two preceding systemedern and traditional).



Common human waste sanitation system
60.0% 55.0%
50.0%

40.0%

30.0%

20.0%
13.1%

10.0%

0.0%

Ibanda Kadutu Bagira

EModern Toilets M Traditional Toilets ERivers & Lake

Figure 5.5: sanitation technologies utilized within the urban sectors of the Bukavuegityn.

When asked whetheghe system adopted by the users is adequate or not, more than 63%
indicatedno in the city (Bukavu)while 50%did soin the village (KabarejFigure5.6). As for
possiblechangs or improvemergto the existing gstem,the respondentsharedhatbetween

the people of the city and those of the rural environment (Katheaydnly wish to see a simple
improvement 6 the construction (nteod and material)andimprovedmaintenance of their
traditional system (pit itet), ratherthan to completely change the system as the people who
live in the city (Bukavu) wish. The Kabare people's position on system change is more
supported by the fathat the modern system is not suited to their secmnomic conditions

(waterand resources).

Bukavu system satisfaction Kabare system
satisfaction

= No = Yes = No = Yes

Figure 5.6: satisfactionwith the existing sanitation systems utilized within the Bukaviregifipn.



The respondents alswted that 95.8% of households are responsible for the mainteofance
their toilets and only 4%of the sanitation facilities are maintained by the munidyal
(emptying of septic tanks in towfor exampl@ intervention(Figure5.7). Because of this lack
of state support, thers ia great deal of variabyitin how and when sanitation facilities are
maintained. Thisiot only exposes the environment to pollutibat also the human health of
users and neighbors to disedsetowns and villages alike, environmental officers ofteas9

to make sure thatach household is maintaining well its tailett they have no enforcement
capacity

Responsible of maintaining system

4.2%

95.8%

B Household @ Town hall

Figure 5.7: responsibility for sanitation system maintenance.

General conclusions
The followingpoints represent theel¢ takeways of the WSM work:

1 The municipaliy currently suffers froma lack of a coherent solid and liquid waste

management policy.

1 There is a lack of awareness by the public about the human and environmental health
risks posed by #current sanitation system.

1 The spreading of waste without any sanitation measures or initiatives to create jobs on
wastedoes occur.
Overpopulation affeésthe logical choice of habitable sites and worthy construction

Systematic deforestation for theeation of plotss very widespread.



Thedensity ofhousehold makes it difficult to creatthe internal capacity for waste and
wastewatr management.

The occurrence of landslides, fires and erosions that wash away houses and their
inhabitantsoccurs reglarly, making investment difficult.

Dumps located at the level of each household are irregularly emptied and refuse is
dumped in pipes ipublic places, roads, streets, riv@rkis practice is a violation of the

legal texts in force ithe country.

Publicdumpsites are almost naxistentand those located in certain municipalities are
neither maintained nor emptie@ihey thusbecome foukmelling sites and sources of
often serious diseases

Wastewater comes from broken or clogged sewersengutied sept tanks,andfull

toilets not unloaded because of the small size of family plotis Water regularly
spread®ontothe streets and threads

Drinking water supply points are insufficient or even-gorstent in certain districts of

the city.

Latrines ae typically notemptiedandpoorly constructed

Excrement littes the streets and the drains, the flies swarm everywaedbushes are
oftenusedas a location for defecation.

Many locations exist fdboreeding grounds for mosquitg&ghich arevectors oimalaria



5.2 Arba Minch, Ethiopia

Methodology

Both qualitative primary and quantitative secondary data were collected from the Arba Minch
city-region using protocols developed by RUNRES scientRNRES scientistgollected
datain Ethiopia through commuty level focus group discussions (FGRps well as with
contentmatter specialist (CMS) interviews. Specificabgommunity level FGDwvasheld in

an urban are¢Sikela Sukcity), peri-urbanarea(Shara Kebeleandrural area(Lante Kebele)
within the cily-region. In addition, RUNRES team membengeiviewed six local content

matter specialists to understand the waste management {ysieleb.1).

Table 5.1: List of waste management stakeholders and key informants identified and interviewed for this

report.
Name and Organization Expertise Role along value chain
Surname
Mr. Endirias Olto Arba Minch Environmental C(_)or_dlnatlor’of |mp_roveq .
L , . sanitation value chain activit
(MSc) Municipality office health officer . .
implementation
Kinfe Kassa (Phb : . .
Associate Arba Minch University EnV|ror_1mentaI Capacity building of experts
Engineer and consultancy service
professor)
, Arba Minch city Greenarea Monitoring solid waste
Mr. Tamira o . ; o
administration Sikel | developmenand | management and sanitatior
Tadesse (BSc.) : e 4
subcity beautification improvement
Arba Minch city Greenarea Monitoring solid waste
Mr. Gedemu o : . e
administration Sikela | developmenand | management and sanitation
Shambel (BSc) . e ;
subcity beautification improvement
. Arba Minch city Greenarea Monitoring solid waste
Ms. Brihane o : : e
: administration Sikela | developmenand | management and sanitatior|
Girma (BSc) . e .
sub-city beautification improvement
. Arba Minch city Water | Water supply ang  Monitoring drinking water
Mr. Firew Ayele ot o
supply and Sewerage Sanitation distribution and sewerage
(MSc) : ) ;
Enterprise engineer management of the city

Secondary data were also collected atilized to support this studgndmunicipal reports from
the Arba Minchmunicipal office of water supply and sewerage were used to triangulate

collected data. The collected data were analyzed using descriptive statistics.

Solid waste management and collé&on

Waste management actors

Municipal solid waste in Arba Minch town generated primarily from residents (households)
and commercial centers such agermarketsmarket places, shops, cafes, restaurants and
hotels. Stakeholders in the local waste management sector range from kougeholds to

large institutions and eadtakeholder performs different activities within the sector. Based on



the results of the FGDs and CMS interviews, the key actors within the solid waste management

chain in Arba Minch can be broken down as follows

1.

3.

Urban residents/individual households:residents/househoédcan be eitheisingle or
multifamily dwellings. Solid waste generation at this scale encompasses those activities in
which materials are identified as no longer being of value and are eitbemtlamay or
gatheredfor disposal. The mostommon sources aksident/household solid wasiee

waste generation through the handling and udeaf waste, paper, cardboard, plastics,
textiles, yard wastes, wood, glass, or ashes. Each household geteiigted waste in sacks
outside the compand for collection.

Commercial Enterprise: In the case of Arba Minch, commercial centers range from small
shops to large international hotels and lodges. They generate solid waste from a variety of
sources: papecardboard, plastics, wood, food waste, glasetals, special wastes, and
hazardous waste. All of this is stored either in the municipal commercial center or in a
common area arranged by the private sector and utilized for temporary solid waste
collection As with the households, all the waste nansported using sacks carried by
donkey carts.

Waste collectors:in Arba Minch town there are eight waste colle@ssociationgTable

5.2) that can best be characterized as micro and small scale enterprisezedrg each
subci t y3ds muni GeepAzehDewelogment an@eadtification. These micro

and small waste clalctor enterprises collect from each household -doaloor, clean
roadsides where they are assigned, and also collect solid wastesofranercial centers

like cafes, supermarkets, restaurants and hotels and transport this material to short term

waste trasfer sites.

Table 5.2: List of waste collection associations, their area of responsibilit and the population they serve.

Waste collection association Sub-city Total number of households per
sub-city
Wubet le Arba Minch Secha suzity
Fox Secha sueity 12,592
Endodi Nechi Sari sukcity
Lemlem Nechi Sari suizity 2,402
Getayalew Sikela subcity
Enberta Sikela sukcity 5,578
Tesfa Abaya sukcity

Lewut Lediget Abaya sukcity 4,735




4. Waste Separators:In Arba Minch, waste separators are those scavengers who separate
recyclable materials like metals and plastic materials ol waste dumped e short
term waste transfer sites of the four stbes, as well as at the Sira dumpsifThis
scavenged waste is then kwaldwR Daoaceopmrobawa:
the scavengers, these buyers collect and arrtivege separately based waste type. Once a
large enough quantity of a specific material is collected, it is taeo trucks and
transported to Addis Ababa and other big cities, where it is sold to industries for recycling
and reuse.

5. Municipal services: The Arba Minch municipality office of infrastructure development
and beautification has green area developraadtbeautification work projects. Through
these projects, the municipality office dump truck loads all solid waste stored at temporary
waste trasfer sites and transports this wasstehe permitted solid waste dumping area,
known as the Sira solid wastardping site.

6. Farmers/agricultural commodity producers: Within the Arba Minch city region many
agricultural commodity producers ranging in gcélom small to largescale producers
exist. Through these activities, both marketalfleseful/edible/marketable) and non
marketable(waste) products are created. Examples of agricultural solid waste generated
within agricultural zones of the city regiomeaanimal manure, slaughterhouse waste,
spoiled food waste, unused agricultural biom#ssves, stemstc) and unused chemical
wastes (pesticides, herbicides, fungicides). Typically, the organic waste generated by

agricultural producers is either burne@dused as a soil amendment.

Waste disposal regulatory framework

The primaryobjective of municipal solid waste managememM3WM) is to protect the health

of the population, promote environmental quality, develop sustainalaitity provide support

to eomnomic productivity. To meet these goals, sustainable solid waste management systems
must be embraced fully by local authorities in collaboration with both the public and private
sectors (Henret al, 2006). While Federal Democratic Republic of Ethiop@idsWaste
Management Proclamation ensures decentralization of responsibilities aifferentlleves

of administrative bodiedArticle 5 of Solid Waste Management Proclamation No.513 /2007
dealsspecifically withsolid waste management planning. Suiticle 1 of Article 5 states that

A tban administrations shall ensure the participationtlué lowest administrative levels and
their respective local communities in designing and implementing their respective solid waste

management plarts.



In addition,subarticle 4 stateshatthe responsibilitie®f MSWM is the responsibility othe

lowest administrative units. According to Article 5 of sabiicle 4 the following
responsibilities could be transferred to lowest administrative bodies: formulation and
implementation of action plans on solid waste management; ensuring the installation af marke
waste bins by streets and in other public places; ensuring the collection of solid wastes from
waste bins with sufficient frequency to prevent overflow; planning angiag out awareness
raising activities; public and ensuring that measures are takmevent pollution arising from

the mishandling of solid wastes.

In Arba Minch the athority and organizational structure of waste management responsibility
fall within the following state officedJrbanDevelopment and Construction Nigter, Regional
Office of Urban Development and Construction, Zonal Urban Development and Construction
Department, Municipality office SanitationBeautification and Greenery development

department, Sulity Sanitation, beautification and greenery development work process.

Accordingly, Arba Minch city administration has four Saliies namely; Secha, Nechi sar,
Sikela and Abaya, while each saity has their own municipality ahe sub-city level. Under
eachsub-city there aresanitation, beautification and greenery develepiwork process
Therefore,sub-cities sanitation, beautification and greenery development work process is
responsible for planning daily, monthly and quarterly dotiy stemming from Arba Minch
Municipal office sanitation, beautification and greenatgvelopment department, monitoring
routine waste management activities and reporting daily, monthly and quadvities to
Arba Minch Municipality office Sanitativ, beautification and greenery development
department head. Alsahe Arba Minch Munigpality office sanitation, beautificationand
greenery development office hide responsibilityfor capacity building training, supply waste
management related inpuliké safety equipment and scheduling waste loading truck),
preparing and paying streeleaning costsand reporting to zonal Urban Development and

Construction Department



Waste Disposal

Dumpsite locations & transfer points

In Arba Minch solid municiplavaste is collected from households and markets by donkey carts
managed by waste cotiiion associations. This waste is carted to temporary dumpsites located
within the urban core, then collected and transported via municipal dump truck to the Sira
dumpste (Figure5.8). A flowchart of the organizational framework that facilitates solid waste
management ihrba Minch, as well as a diagram indicating the estimated volumes of waste

collected across the cityg®n ona yearly basis can be found kigure 5.9 andFigure5.10

below.

Arba Minch urban core
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Arba Minch city region
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Figure 5.8: Key waste transfer points and management sitsn the Arba Minch town(GIS spatial data
obtained from Arba Minch municipality.



Quantity and Composition of City -Region Waste
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Figure 5.9: waste value chia stakeholder andommodity flow. Based on data collected from CMS and FGD
participants 2020.

Waste production Iransportation Separation/Recyc
Wubet le AM
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Domestic waste
50,240 - 75,560 kg yr! Endodi
Lemlen
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- -1
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Figure 5.10: Solid waste flows across the Arba Minch city. Production volumes include inorganic and organic.
The volumegiven for organic waste disposal assume 75 % organic waste compaosition.



Constraints for Change

Collection and transportation

Poor collection rates associated with transportation of wastethe main problems identified
by focus group discgson partigpants and waste collector SME. Focus group discussion
participants said that waste collectors and transpodersot collectall residentd waste
therefore peopleesort to informal solutions such as throwthgir waste in gorges, ditchestan
roadsidesAlso, waste collectors agreehat this is the cadeecause theysedonkey cats to
collect solid waste from dodo-door, therefore they are unable eeet current demand
Furthermorethey expressed théte municipal office waste transpation vehide is old and
unable to pick waste stored/collect in temporary transfer sites. In gaheralinicipal office
also agreethat there ar@ot enough vehicles anlde vehicle that are available are nogood
condition.Finally, payment (incora earned)rbm waste collection is too small and those waste

collector SME memberdo not earn enough feineir basic needs.

Cultural barriers

During theinterview period all waste collecting SME members identified three main problems
as cultural barrierfor effecive waste management value chain performambese are: (1)

weak public awareness about the need to sort and properly store the waste before collecting it
in appropriate containe(g) the absence of waste separation (organic vs. inorganardoas,

etc waste) at the household storage level, and (3) poor waste disposal practice and isgstems,
dumping on street sides, drainage lines/ditches, open spaeebanks andther inappropriate

locations.

Findings from the FGDs and SSis inde#tat a major challenge for waste valorization in Arba
Minch stems from the lack of inorganic and organic waste separation. Mixing these waste
streams at the source (household and commercial centers) makes itfiicoretdiisolate and

collect the vawus waste streams. Previous attempts to valorize organic waste through
composting processes found that the time necessary to separate inorgartic easeuality

inputs was ineffective and was a principle caust faélure There is general agreememhong

local waste management exerts that a necessary step to support waste valorization is a waste

collection system that supports the separation various waste streams before they are mixed.

In addition, the currerneliance on donkey car(sigure5.11) to collect waste from households

and commercial centers to intermediate transfer points is a constraint that was mentioned
several times. These actors made it clear that investment in faster transportation waayd imp
their capacity to collect waste gaated across the city.



Figure 5.11: waste collected with donkeys and transported to an intermediate transfer point.

Human waste management

Water and sanitation ovewview

According to a report conducted the Arba Minch town water supply and sewerage enterprise
(Arba Minch Municipal Repor2019, the source of the municipal water system comes from a
combination of spring water and borehole water. The spring disch&gd. st and the
boreholes discharge&s 1 s*. The volume of daily water generation stipg@from these sources

is estimated at 9,875%day™.

Regarding sanitation,inually the entire population in Arba Minch city region usessiga
sanitation fadities. According to the Arba Minch towHealth office and Arba Minch town

water supply and sewerage enterprise, the two most common toilet types are dry pit latrines and
ventilated improved pit latrines (VIP). Taken together, these systems are utiliz8@ By of

the residents of Arba Mindffable5.3). In addition, a very small percentage (<1.0%) use either

urine diversion dry toilets or flush toilets connected to onsite septic tanks.

Table 5.3: Toilet types and distribution in Arba Minch Town

Type of toilet Population %

Dry pit latrine 172320 86

Ventilated Improved 26849 13

Pit Latrine (VIP)

Urine Diversion Dry Toilet 60 0.3

Flush toilet to septic 500 0.25
199729 100

Source: ArbaMinch Water Supply and Sewerage Service Enterprises, 2019



In urban and penirban areas of the ciggion, pitlatrines are either used privately by single
family households or are shared among several households. In rural argalspuse$iolds

have thai own pit latrine or simply rely on open defecation. Focus group participants
interviewed for this report indicated that the privatelgitines are mostly clean and well
maintained. Shared pgiatrines, however, are often in poorndition, overused, ad often
impossible to clean. This type of facility is most common in government owned houses
distributed for low income earning community groups. In these communit$oRseholds

typically use one latrine.

According to the focuggroup participants ierviewed for this report, dry latrine toilet
construction is cheaper and requires less maintenance costs than other alternatives. For the most
part, the provision of sanitation facilities is up to the individual citizen/property owner
However, for lowincome communities in the urban zones of the-yion, the municipality

does directly support the construction of communal pit latrines. Populations with no facilities
such as the homeless, a large number of whom live along theriudfbank, typicallyresort

to open defecation at river banks/edges, ditches, bushes, roadsides and corners.

Sanitation actors

Public Sector

In the Arba Minch city region sanitation services is provided by a mix of public and private
sector actorsThe Arba Minch City adminigation municipal office is responsible for solid
waste management, while Arba Minch water supply and Sewerage office is responsible for
drinking water supply and sewerage management. In addition to being responsible for the
provisionand maintenance ofeas of the sanitation system, the public sector is responsible for

ensuring that existing sanitation service standards are enforced.

Private sector
Although pit latrines are the dominant toilet type used in Arba Minch, flush todetsected
to onsite sefic tanks do exist. These systems are supported primarily by the following private

sector companies:

1) Tirig (Ezana Hotel)

2) Tourist hotel sanitation service

3) Décor liquid waste removal service
4) Tsidat liquid waste removal service
5) AMU vacuum truck service



With the

sanitation system, septic tank emptying is conducted by private enterprise. Together, these

exception of t he AMU

agencies maintain a fleet of 19 vacuum truéle.a private capany to engagm this sector,
it must be licensed through theaterSupply andSewerageEnterpriseOffice. The capacity of

these private vehicles ranges from 1;200,000 litergoer truck

Quantity, composition, and disposal of cityregion human waste

The sanitation demands and increased human excreta generation are driven by increasing
population.In Africa thefecalmatter generation rate is 128 grams petsiay* while urine is

1.42 L person day! (Rose, et al. 2015 hus, in Arba Minch, aity-region with apopulation

of 221,677, generates approximately 10,356 tons'ygacal matter) and 118/egalitersof

urine yeatr. With roughly 99% of the residents of ttigy region utilizing some variation of pit
latrines in the householohost ofthis waste is stored onsite in the pits. However, a small number
of residents, as well as every major hotel and the UniverBéklé¢ 5.4), utilize flush toilets
connected to septic tanks. Taken together, the volume of black water collected within the Arba
Minch city region is roughly 32 megaliters y&arOf this total, 63% iproduced by AMU,

23% by private households, and 14% is predisy the large hotelgigure5.13). This waste

is transported daily to the Sidamping site Figure5.12).

Table 5.4: septictank companies, clients

vacuum truck

Sanitation Company Client Instituti on Disposal site Liters year!
Tirig Paradise lodge Farm use 1,728,000
Tirig Haile resort Sile waste disposal site 1,728,000
Tirig Bekele Molla Sile waste disposal site 4,800
Tirig Mora heighs lodge Sile waste disposal site 576,000
Tirig Ezanahotel Sile waste disposal site 57,600
Tirig Romi hotel Sile waste disposal site 86,400
Tourist hote_l sanitation Tourist hotel Sile waste disposal site and Farm u 230,400
service
Tourist hote_l sandiion Lamba dina hotel Sile wastalisposal site 115,200
service
Décor liquid waste remova Private residents Sile waste disposal site 3,650,000
service
Tsidat liquid waste service Private residents Sile waste disposal site 3,650,000
AMU vaccum service AMU campuses Sile waste disposal site 20,160,000




Figure 5.12: Untreated effluent dumped by a vacuum trip at the Sira dumpsite (left). One of 19 vacuum trucks
operating in the Arba Minch city region (righ

Septic tank users

H Hotels
m AMU

W private
households

Figure 5.13: proportions of septic tank users within Arba Minch town.

Challenges in human waste management

As discussed above, blackwater collected and emptied from households and commercial
organizatbns is dumpedlaily at Sira official dumping sites. This effluent is not treated and
constitutes a major threat to human and environmental health. According to the Arba Minch
Town water supply and sewerage enterprise secondary city project coordinaknewhyele

(Water supply and sewerage enterprise secondary project coorderadoljr. EndriagOlto
(Municipality office i mproved sanitation val



an open/unprotected dumping area without treatment is coedidsropen defc at i on. R Th

none of the waste collected via septic tanks can be considered properly treated.

Focus group discussion participants of urban,-pdyan and ruratonesstated that financial

limitation is the main problem fothe adoption ad use of impoved sanitation facilities,
especially human waste/toilets. FGD particip
three or four years ago government was supplied improved toilet house construction facilities

and subsidized bigas castruction andupplied facilities for biggas constructiorbut today

both improved toilet house construction facility supply anddase facilitiesare not suppéd.

Bioogas type toilet house users complnménnted t ha
maintain our biegas facilities. Therefore, we are not using-ga&s technology, but obligated to

pay all costs associated with the technology

Also, urban FGD participants stated that sanitation technologies are not economical. Therefore,
most low-income earnng communitiescannot afford it and ue traditional sanitation
management/treatment metlsodpecifically closing filled pits and digging wepit latrines.
However, they worryabout its suitabilitypecause there is insufficient land avaiéatd build

newlatrines.



5.3Kamonyi, Rwanda

Introduction

Kamonyi is a district (akarere) situated in southern province of Rwanda. Its capital is Kamonyi,
also sometimes known as Gihinga. It is divided into 12 sectors (imirenge): Gacurabwenge,
Karama, Kayenzi Kayumbu, Mugina, Musambira, Ngamba, Nyamiyaga, Nyarubaka,
Rugalika, Rukoma and Runda. The total population, according to 2012 national census, is
340,501, with an average population density of 528/kntovers a total area of 655 kmz2.

Data collection and Methodology

The RUNRES team conducted twelve satnuctured interviews with content matter
specialists Table 5.5) that informed this report. In addih, nine focus group sessions were
conducted across the citggion to gather community input on the state of waste management
within the area. In addition to this primary qualitative data, the project scientists utilized a
variety of peer reviewed scigiit literature, government reports, and various other grey

literature to help understand the current flows of waste within the city region boundary.

Table 5.5: List of waste managementstakeholders and key informants identified by the
RUNRES core team and attended thé&ick-off meeting.

Name Sector Organisation Expertise
Charlres Niyonizeye Karama Public sector Social affairs
Uwineza Zam zam Kayenzi Public sector Social affairs
Clementine Gahongayire Nyamiyaga Public sector Social affairs
Andrew Mudagiri Musambia Public sector Social affairs
Alfred Rushirabwoba Gacurabwenge Public sector Social affairs
Mudahemuka Jean Damascen¢  Nyarubaka Public sector Executivesecretary
Mukamana Pacifique Kayumbu Public sector Social affairs
Obed Ntayubuhungiro Ngamba Publicsector Executive secretary
Pauline Mpazimaka Mugina Public sector Social affairs

Solid waste management and collection

Solid waste management in the Kamonyi-cggion is comprised primarily of many informal

actors operating autonomoudly maintain aclean and healthy environment. Households,
businesses, and market vendors organize together to dispose of solid waste that accumulates
throughout the built environment. Although some recycling and valorization of inorganic waste
(valuable meta and glagsdoes occur, little to no valorization of organic waste is currently
done. The landfills utilized by the residents within the-cggion are a mix of official and

unofficial landfills Figure5.14). In addition to ad hoc transport of wastétese landfls, some



farmers do currently collect animal waste, and in some instances market waste, from around

the area and use it to fertilize local agricultural fields.

However, in addition to these largely informal waste management activitiesjstetarger

solid waste management company, COPED that does operate in the area. COPED transports
the waste it collects to the formal landfill at Nduba, in Kigali. However, according to a report
conducted by the International growth center (IGC), thidifgés anqgopen air dumpi
that suffers froormumerous environmental challergech as leachate, vermand spontaneous
combusti onsR. I n addition to disposing of w
valorization facility at RundaFRigure 5.15) where glass, metal, and organic waste are all

separated and valorized.

® Kamonyi_Dumpsites

0 5 10 Kilometers

Figure 5.14: Locationsof Kamonyi dumpsites.



COPED Runda

Figure 5.15: Image of the largest dumpsite in the Kamonyi-oéigion (COPED Runda)

Private sector solid waste management actors

COPED is the major private sector wasteanagement actor that operates within the Kamonyi
region. In addition, two actorsdhspecialize in waste valorization, ECOMAKE and Mukunguri
Rice Promotion Cooperative, are also engaged in recycling activities that exist within the city
region. In addibn, a variety of smakcale waste collection efforts are undertaken by a variety

of ad hoc organizations and societal actors. For example, several farmers currently collect
animal waste from around the area and use it to fertilize local agricultural #gldouseholds

and markets, small contracts are given to cleaners that mairgagietinliness of these areas.

A significant portion of this waste is organic and is typically transported to local fields and left

to decompose on site.

Generation and Comjposition

According to experts within the Kamonyi citggion, roughly P17 tons of vaste are collected

per year within the Kamonyi cityegion. Of this, the majority is collected by COPED and
disposed of either at the landfill in Kigali or valorized at Bawin addition to waste transported
to Runda, the sectors of Gacurabwenge and Mugiso collect significant volumes of waste
(Figure 5.16). Furthermoe, solid waste management experts interviewed for this report

estimate that of the total waste generated within theregion 83% (+ 15% sd) isrganic.
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Figure 5.16: amount of waste collected atrdnsported to sector dumpsites within the Kamonyirggion.

Challenges with solid waste management
Content matter specialists raised the followirmgnps when explaining the major challenges

that exist with solid waste management in the Kamonyi region.

T A majority of residents know that most w

di sposal. Only a few are aware that they

1 q 8me market venues have no dumping site, all trash collected after the market day

are disposed atnearyar ds whi ch consequently i mpose

1 Not enough facilities (finance and infrastructures) on limited recycling plants are
available andunder operation as they recycle some recyclables and put others in the

trash that are supposed to be sed.



1 Respondents conceal some crucial information required in the survey as they fear that
the local government levels would base on that to put thesodial categories as

were done before and this left recurring fear in their hearts.

1 Refusal of givingut information from respondents after failure an enumerator to
present organization working card (ikarit

stranger in an area.

1 Lack of trained personnel to prohibit littering of streets, promote waste segregation,
organize house to house waste collection, conduct awareness programs to disseminate

information to public, and to promote public participation.
1 Limited @ommunity waste storage facilities.
1 No Transport of wastes in covered vehicles.

1 Existing dump sites and disposal of inert wastes in sanitary landfills are not upgraded

Opportunities for RUNRES

Despite the challenges that face solid waste managemers éffétamonyi, there are several

clear opportunities. For example, the government of Rwanda is committed to improving solid
waste management across the country. This focus goes beyond mere legal or regulatory
pronouncements; the government of Rwanda isilaoly significant financial and thnical
resources to upgrade the landfill in Kigali (Nduba), which COPED utilizes (IGC, 2019). In
addition, the government of Rwanda is increasingly focused on promoting a circular

bioeconomypredicated on the recyclirand valorization of waste

Human waste management

Sanitation policies in Kigali, Rwanda

The government of Rwanda is clearly focused on improving sanitation and solid waste
management. For example, Vision 2020 (MINECOFIN, 2002), a guiding document developed

to improve water and sanitatignovision states that

Water: All Rwandans will have access to safe drinking water; water resource management will
be rationalized, integrated and in harmony with the nationaldasel master plans in all water

dependentioma i ns . R

Waste Management: At ld&80% of the Rwandan population will have easy access to adequate
waste management systems and will have mastered individual and community hygiene

practices. By 2020, the rural and urban areas will have sufficient seweragedisposal



systems; each townillwbe endowed with an adequate unit for treating and compressing solid
wastes for disposal. Households will have mastered and be practicing measures of hygiene and
waste disposal R.

Furthermore, this document makes explitie link between poor sanitaticend reduced
environmental and human health. Additional policy documents such as the Economic
Development and Poverty Reduction Strategy (EDPRS) and the National Water and Sanitation
Policy make clear the importance the gmument of Rwanda places on satdn improvement
(Tsinda, 2011)

The current sanitation landscape

Human waste generation

The sanitation demands and increased human excreta generation are driven by a growing
population.In Africa, faecal matter productida roughly 128 grams perséaay?, while urine

is 1.42 L person day! (Rose, et al., 2015)Thus, Kamonyi, with a population of 340,501,
generates approximately 15,690 tons ydéaecal matter) and 176 Megalitresurine year-.

This waste is enronmentally hazardous and must be safely contained, transported, treated and

disposed/reused.

Collection, treatment, and disposal

According to qualitative data collected by the RUNRES Rwanda Tedme5.6 represents the
waste management solutions utilized within the city regiamthermore, a shit flow diagram
developed for the cityegion indicates that of the total amount of human excretduged
across the cityegion, roughly55% is treated safely. It must be noted that this is a preliminary
shit flow diagram, and large uncertainties still exist regarding the construction quality and

maintenance of pit latrines in the region.

Table 5.6: the range of sanitation solutions that are currently utilized within the city region boundary.

Current Kamonyi sanitation solutions
: Dwelling Open . . : Municipal
Community defecation Pit latrine ubDT Septic tank
type % sewage
Rurat
Rural Traditional 0 100 0 0 0
Ruratformal 0 100 0 0 0
Shack 0 100 0 0 0
Peri-urban Formal 0 100 0 0 0
House
Apartment 0 100 0 0 0
Shack 0 100 0 0 0
Urban Formal 0 100 0 0 0
House
Apartment 0 100 0 0 0
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Figure5.17: Initial shit flow diagram, Kamonyi, Rwanda.



Local perspectives

Content matter specialists

Semistructured interviews were conducted with twelve Kamonyi sector representatives in
order to understand the sanitation landscape within theeagipn. Vey little variation in the
sanitation system was expressed by the interviewed experts. Acressitbeityregion,much

of the population utilizes pit latrines, with <1% of the population utilizing waterborne
sanitation. Very little municipal or state s&tance is given to citizens to support the
construction of household pit latrines; the memlo¢éesach house are responsible for financing
the construction and maintenance of their latrines. Local materials, primarily logs harvested
from nearby forestgre almost universally used in the construction of the superstructure as well
as to cover the pitself. Almost all the interviewed CMS expressed that this reliance on local
forests is contributing to unsustainable deforestation and that alternativeicbostmaterials

must be utilized.

In addition, the local experts stated that the logs useaMer the pits does not adequately cover
the latrine, which allows both water and flies to enter into theTpis risks flooding of the
effluent in the latme, as well as a public health risk associated with the flies. Interestingly,
every interviewedxpert stated that thfecal sludge, when collected from a full pit latrins,
oftendeposited on nearby agricultural fields. The community does this bothdeeitprovides

a likely method to deposit the sludge, but also because the community is athartedilizing

potential offecalsludge to support agricultural production.

According to the interviewed experts, there are aspirations from the comnauinityrove the
current sanitation landscape. This desire primarily expresses itself as aaegtenize the

pit latrines. However, due to a lack of state support and low availability to capital, achieving
these aspirations has proven difficult. Ladihg experts interviewed stated that open defecation

is not at all common within the city regioAccording to these interviewees, this practice is
frowned upon and those community members that are incapable of installing a latrine in their
own householdra supported by their neighbors to ensure that the necessary infrastructure is

installed.



Community members

The RUNRES Rwanda team conducted nine focus group discussions (FGD) across the city
region in order to under segadngd the carent saoitatioru ni t vy
landscape. In general, the opinions articulated by the contaitémspecialists aligned quite

well with the results of the FGDs. Overall, the participants of the focus group session indicate
that the reliance on pit lats is not problematic. However, the concerns articulated by the
community members focus on thealjty of the construction and challenges presented by
maintenance of the deployed solution. In every focus group session, the participants identified
several $sues presented when constructing a safe latrine. First, achieving sufficient pit depth
with theresources available at the household level was regularly cited as a major challenge.
This problem forces household to dig new pits more frequently, whicbhalkenge in higher
density communitieandincreases the risk of effluent overflow during pdewf heavy rain,

which result in the uncontrolled release@tal sludge into the environment. In additiongst

of the households in the city region statbdttthey rely largely on lumber sourced from the
local forests to construct both the superstrreetand the pit cover. The participants regularly
stated that reliance on this material for pit latrine construction results in-quality latrine

and exacdrates deforestation rates.

In almost every FGD, the participants expressed the desire to iejhi@eonstruction materials
used in the construction of the latrines. In particular, replacing wooden latrine covers with
concrete slabs was stated as a magpiration by most of the community participants. As with
the interviewed experts, the communityembers articulated that households receive little
support from the state for sanitation provision. The burdens associated with construction,
maintenance, aneimptying of the latrines is born by the households.



5.4 Msunduzi, South Africa

Data Collection

Both qualitative primary and quantitative secondary data were collected from Msunduzi city
region using protocols developed by RUNRES project Postdpaslitative data related to
waste streams within the city region boundary were collectedghra series of focus group
discussions (FGD) and semi structured interviews (SSI) with content matter specialists (CMS).
Table5.7 provides details reayding the FGDs and SSIs conducted for this report:

Table 5.7: List of waste management stakeholders and key informants identified by the RUNRES core

team and attended the kickoff meeting.

Name Organisation Expertise Role in value chain
Mike Greatwood M'\L/ljz?c?g;;tly Water S'\(Z;vrilgzeruthority Sanitation management
Royal Nzuza UMDM Water and sanitation Sanitation management
Debbie Trollip Umgeni water Wastewatemanagement Wastewater management
Mluleki Mnguni Umgeni water Wastewater management Wastewater treatment
Riaz Jogiat UMDM Manager Solid Waste Solid waste management

Secondary data were collected from the municipal office and water supplgesretage

entagprises. Finally, collected data were analysed using descriptive data methods.

Waste Collection and Management

Municipal solid waste consists of ntwodegradable inorganic waste and biodegradable
organic waste (food and green waste). RUNRES&nds to cpture the organic waste stream
component. The following description of the eitye gi on 3 s solid wast e
management system was accomplished through a literature review of secondary, published grey
literature, government and municip@ports, ad stakeholder interviews. The locations of

waste treatment and disposal hubs were identified through a participatory exercise conducted
during the kickoff meeting, information which was then georeferenced and overlaid onto

existing municipakhapefiles.

The New England Landfill site (NERL) in uMgungundlovu dist(etsunduzi Municipality,

2018)is the primary facility for solid waste disposal in the municipalitgovers an area of 44
hectares, 29 of which are already fully utilized. The landfill is classified as G: L: B+, meaning
that it accepts on-hazardous wastes emanating from households, industries, commercial
activities and builder3d3s rubbl e. The facild.i

and is equipped to manage the liquid balance through a leachate managesteemt dt is



licenced under the permit number 16/2/7U203/D3/P64, which was issued in 1998 by the
Department of Water Affairs and is equipped with vehicle access control, a weighbridge, site
security, site office, and ancillary supporting infrastructuhe lficence dbws the municipality

to carry out the following activities enlisted under the National Environmental Management:
Waste Act 59 (2008):

) Sorting, shredding, grinding, crushing, screening or bailing of general waste at a
facility exceeding an aa of 1000rhand,
(i) The disposal of general waste to area exceeding 2@achwith a total capacity
exceeding 25,000 tons.
The landfill is permitted to operate until it reaches a height of 652 m above sea level and is
currently sitting at 5% of thaevel.

Waste managemat actors

Public sector solid waste management actors

Each local municipality in the uMgungundlovu district has its own unique organization to
manage solid waste. The Waste Management Business Unit (WBMU) of the Msunduzi
municipality is responsible for re$e management as per the National Environmental
Management Act: Waste Act No. 59 (2008) poli(igSA, 2009) The WBMU collects refuse
once a week from various sectors of the local municipaiibygeholds, hospitals, businesses,
residential compleas, commercial zones). Furthermore, this organization also manages and
maintains the landfill and eight garden refuse sites across MsuiMkumduzi Municipality,

2020)

Census dat for Msunduzi local municipality shows a decline in weekly refuse collection
services from 59.5% of households (2001) to 53.2% of households (2011), and the recent 2016
community survey data showswather decline to 48.5%5tatistics Sout Africa, 2016) This

is attributed to an increase in the number of households, which is imposing more pressure on
service delivery capacity. To counter this trend, the municipality developed gmatet®
development plan (IDP), which considers plagnand implementation strategies to ensure
provision of basic services such as refuse colle¢iR8A, 2000) Based on the data reported

from Statistics uth Africa (2016) approximately 120,000 householidsMsunduzi receive

refuse collection services. However, this service is very minimal in Vulindlela (Figure 2).



Msunduzi Map
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Figure 5.18 Percentage of householdsaeiving municipal refuse collection servicdifferent wards of
Msunduzi local municipality (Statistics South Africa, 2016).

Private sector solid waste management actors

There are several private companies, including Small Medium and Micro Ente(SNHES)
dealing in collection and recycling oharganic materials (plastic, bottles and other-non
biodegradable materials) from Msunduzi. These private companies include Central waste, E
waste and KVM recycling. Central waste is a Pietermaritzburg bassaling company
trading as Ellis Wastepapert sktarted as a family business in 1994 and the company currently
collects paper, cardboard and various inorganic recyclable materials (plastic andTsteel).
company employs 61 people directly and provaescome for a further 500 informal traders
and hawkers around Pietermaritzbuigrwaste is a private company situated in Mkhondeni,
Pietermaritzburg with other plants around South Africa (Cape town, Pretoria and
Johannesburg). They provide services fwite storage, collection and recycling of ligltbs.

KVM recyclers is a company located in Mkhondeni, Pietermaritzburg as well. They deal with

various kinds of glass waste and cans.



International organizations & NGOs

Wildlands conservation trust & environmental conservation Agavernmental anization
(NGO). Its mission is to nurture the development of waste recycling through initiatives such as
wastepreneurship (Recycling for life projects), typreeneurship (Indigenous trees for life
projecs) and fooepreneurship (food for life projects)They are involved in providing
environment enabling partnerships for effective waste recycling, restoration of community
ecosystems, and support for climate change mitigation strategies. Therefore, tiragiarén

spearheading recycling initiativeslated to minimisation of waste entering the landfills.

COWI holdings is a Danish negovernmental organization belonging to COWI foundation.
The organization is active in numerous global environmental marageprojectsncluding

African countries suchsaSouth Africa. It has partnered with research organizations such as the
Centre for Scientific and Industrial Research (CSIR) on solid waste management projects. They
were also part of the group working witiMgungundlovu local municipality, private secor
(Gromor Pty Ltd and Farmyard organics) and government (Department of Environmental
Affairs; DEA, and Economic Development, Trade and Environmental Affairs; EDTEA) to
promote advanced integrated solid wastsnagement in uMgungundlovu, with a special focu

on organic wastéR. Jogiat2020)

GroundWork isone of thenon-profit environmental justice organisateworking in Southern
Africa. It protects vulnerable groups by promoting the right to a clean environment,
conservation, maximursustainable and use of natural resources, and justifiable economic and

social development.

Ther e are some peopl eds nal$outh Afaclen WastevPekas nt s
Association(SAWPA). The SAWPAworks with waste pickerrom waste dumps anthe
streets The organization has many affiliates all over South African provinces except in North

Cape.

Organic waste value chain mapping

Dumpsites for organic and green waste: management structure, payment schemes

There are eight garden refuse dumpsitesessclocal Msunduzi municipality that are managed

and maintained by the WMBU. These are situated in Link Road, Prestbury, Richie Road in
Pelham, the Grange, Saitu, Eastwood, and South Road in Northdale and Woodlands
(Msunduzi Municipality, 2018)The WMBU allows a free single bakkie load per dagafden

refuse on the designated dumpsites. However, the exact amounts of garden waste disposed at

each garden waste dumpsite is not known since there is o Hegeping Since there is no



securityand supervisiomt night the dumpsites are often abuskelgal dumping on the green
waste sites is a common practice; the public dumps inorganic materials including building
rubblewhich are not supposed to be #érillay, 2017) As a resul, thegreenwaste is mixed
inorganic material§R. Jogiat, 2020)Inorganic materials are estimated to constitute about 20
25% of the total waste in dumpsites. Therefore, intensive sorting, must be dongriéghe
waste is to beised for compostingrhe green wastedm the eight dumpsites is collected by
the WMBU ard disposed at the New England Landfill Site (NERL) in Pietermaritzistigyi(e

5.19). There is need for increased security and public educatidranding differert types of

waste before disposahto the dumpsite.

Msunduzi map
Green waste dumpsites

Legend

®) Green waste dumpsite

@ KwaPata Proposed sorting site
(W) New England Road landfill site
Proposed Pre-treatment facility
& Rural areas

@ Urban areas

Figure 5.19: Locations for eight green waste site and the New England Road Landfill (NERL) site where garden
waste in disposefMsunduzi Municipality, 220).

Valorization centers

Most of the organic waste recycling comparigeEntified are located outside the citggion
boundary; Amberglo (Howick), Gromor (Camperd
commercially produce various agricultural inputenfi organic and garden waste. These
companies produce compost from animal manurd s chicken, cow, pig and/or horse

manure mixed with mill saw dust.

Gromor (Pty) Ltd is a private company located 30 km from Pietermaritzburg city, within the

uMkhambathmi local municipality of the uMgungundlovu district municipality. The company



was famed to valorise chicken waste coming from a nearby farm (Rainbow chickens).
Recently, the company merged with TWK international and is operating as its subsidiary. In
addtion, Farmyard organics (Pty Ltd) is also a subsidiary of Gromor. Gromor usesrchicke

litter, saw dust, horse and cattle manure to produce organic fertilisers. Some of the
productavai |l abl e on the mar ket include iG&emmor A
manure, costing R120 per 20kg), Gr,stramand Co mp o
kraal manure and costing R32 per®m Gr omor Potting Mix 6 (Pin
dm®) and Gromor SeedlingMig  ( Pi ne b a rdkThékcdr@pany alsbas d range of

inorganic fertilisers for saleMost of their target markets incladhurseries such as Blackwood

in Msunduzi.Gromor has been exploring avenues foruke of green waste from municipal

garden refuse sitdsecauseheir production is limed by feedstock rather than market base

(Personal communication with the manager).

Amberglo Pty Ltd produces organic fertilisers (nmikes) from a mixture of animal manure
(horse manure and chicken litter), biochar and topsoil. Their products areousedadmental
crops (lawns and flowers), planting and trees. A large bag (Jambas about R70 and has a
market base in nurseries around Pietermaritzburg, Hilton and HoMakgie Scratcher,
Drumnadrochit Farm, is a family run business situated in KiaKatal which keeps chickens

for egg production and thegmployaround 30 peoplélhey produce organic fertilisers using
chicken litter mixed with other farm green waste through a Rapid Thermophilic Digestive

System from Biomax Technologies, Singapore.

Currently, the organic waste collected in Msunduzi is not being valorised excetitefor
inorganic recyclables (plastic, glass, paper and cardboard), which are collectexifisite
sorting areas, city streets and the landfill. Inorganic recyclablesoateaonly collected by
residents living in informal settlements such as Jika Joe, Pietermaritddbuielo, 2009)
Despite having established formal and informal systeratirdewith recyclables, the major
concern is on biogenic wastes (household food waste, green waste and animal waste) generated
within the Msunduzi region that end up at NERL, shortgrihe lifespan of the landfill. The
South African Department of Envirorantal Affairs, under the National Environmental
Management: Waste Act of 1998 (NEMA) and in agreement with the National Organic Waste
Composting strategy presented at the Waste Sumn2015, state that the wastes entering
landfills must be minimised thugh integrated waste management practices (reduction,
reusing, recycling, treatment and disposal). Accordindgrtalogiat (202Q)the Msunduzi
municipality spends ~R855 per ton on solid waste mamagt, of which R122 per ton (R20



million per year) is directed towardsgiosal costs. In response, the Msunduzi municipality is
investigating ways to collect, treat and valorise green and organic wastes as an initiative to

reduce landfill disposal costa@respective environmental consequences.

Currently, green waste collett from the eight garden refuse sites is transported in intermediate
storage containers to the landfill. As part of municipal development plans for integrated waste
managementMsundwi local municipality, in conjunction with the uMgungundlovu district
municipality solid waste management unitave beerplanning the construction of a pre

treatment facility for green waste. Several potential sites have been proposed and some of these
incl ude NERL (access road to Dar vipdstl(uMiyéaist ewat
local municipality) drop off site.

However, after assessing different factors to balance between environmental compliance and
centrality, theproposed site iat Dorpsjpuit road, undeveloped land with an area of 7.5 ha
(Figure5.20). The facility was expected to préreat garden waste through activities such as
sorting the organic waste by removing inorganic materials andompostable material such

as wood, which can be used as firewood or pyrolyadalochar. The remaining green waste

was to bestredded and sold to private sector actors such as composting companies and others
seekingto use organic waste. The faciliyasexpected to treat 580 tonnes of waste per day

and experienced compostingwepanies such as Gromor (Pty) iiéreexpected to &tendered

for marketing and operations.

Msunduzi municipality
Proposed green waste processing sites

Legend

Previously proposed Pre-treatment site
® Proposed Pre-treatment facility

@ Rural areas

@ Urban areas

Figure 5.20: The proposed green waste greatment facility in Msunduzi local municipality and other proposed
sites(Msunduzi Municipality, 2020).



Proposed organigvaste valorisation initiatives linked to this facility incledsimple and
complex composting facilities, onsite composting, vermiculture, mechanical biological
treatment (MBT) for energy production andlamonstration community gardéR. Jogiat,
2020 personal communicatipnThe MBT was supposed tose animal waste for energy
production, and the residue from this processa potential feedstock for organic fertilisers.
The MBT residue is odourless and sterile and can produce aememhy valuable organic
fertiliser.

Apart from animal manure, food wastes may be used as feedstocks for MBT. Thermophilic
anaerobic digestion of animal excreta waste has been demonstrated via various case studies
conducted outside Msunduzi local munadipy, in areas such as Kamberg, Thorrev{ibig and

cattle manure), and Albert Falls (poultry manure). However, some of these activities may not
be applicable to Msunduzi municipality due to unavailability of animal feed stock due to

minimal livestock prduction within Msunduz{R. Jogat, 2014)

Generation and composition

The proportion of waste generated within the Msunduzi local municipality, emanating from
households and industries/commercial sectors has been quantified and is presented below
(Figure 5.8. Results show a signiamit variation in domestic waste generatammoss Socio
economic groups, high volumes being generated in low income groups than high income, and
in urban areas than rural. This shows thatltiveincomegroup is larger in the Msunduzi
region. Industry (inkmiding commercial sectors) generate ab@8% of the total solid waste

within the city region.

Further waste stream quantification, based on 2013 data, was conducted to understand the
guantities and composition of various organic waste streams gené&matedarious socio
economic groups withirthe city boundary Table 5.8). The organic food waste (actual
recognisable food waste), garden refuse waste and the residual biogenic waste (mixture of food
wastes and othavaste types) are presented. Larger quantities of total organic waste emanate
from high density areas than lowrsity areas, with the largest values produced within urban

high-density areas.

Garden refuse was not reported in rural high and low densteslow values were found in
rural medium and low densities. Very low quantities of green waste from rural aeea
attributed to absence t#ndscaping activities. Landscaping and home gardening activities are
usually prominent in low densitgreassud as Montrose However, less amounts of garden

wastein general householdastereportedin low density areass attributed to garden waste



separation In such reslents garden waste is separated from domestic wastefaciént

transportation to respeeé dumpsitesas a result thproportion of garden waste in general

domestic waste is lowMore food wastes gererated in rural commercial and industrial areas

compared to urban counterpabtscausegpeople in rural areas rarely consume fast foods and

thar purchasing power igery lowas a result more food is wasted from fast fodtie. resulting

residual biogenic and garden refuse waategenerally low in ruralow densities due tsource

separation of organic waste stream.

Table 5.8: Quantities of various organic waste streams generated in various areas of the Msunduzi local

municipality excluding garden refuse from dumpsites (2013).

Source Organic food Garden refuse Residual Total
waste (tonslyr) biogenic (tonslyr)
(tonslyr) (tonsl/yr)
Urban high density 5,324 765 8,960 15,050
Urban medium density 714 116 1,266 2,094
Urban low density 0.4 6 399 405
Rural high density 1,227 0 3,094 4,320
Rural medium density 259 6 462 726
Rural low density 36 0 109 146
Commercial industrial urban areas 2,367 79 3,516 5,961
Commercial and industrial rural areas 4,056 49 2,306 6,411
Total 13,982 1,020 20,112 35,115

Waste collection & transportation

Different types of wasteollected by the Msunduzi municipality buess unit between the year

20152018 isreportedTable5.9. Therewas a general decline in garden waste efusm the

year 2015 to 2018, with the least amount being reported in 2017 (8,175 tons per year), giving a

mean value of 14,199 tons per year. Generally, the bulk food waste collected is very small,

making up 0.25% of the total municipal waste collected.

Table 5.9: The composition of various waste streams (tons yed) collected by the Msunduzi municipality

in 2018 (Msunduzi Municipality, 2018).

Description 2015 2016 2017 2018 Mean Stdev SE Composition
Builders 63,777 45,239 66,448 42,854 54,579 12,250 6,125 31.54%
rubble
Bulk food 417 547 476 321 440 96 48 0.25%
waste
Garden 19,839 18,025 8,175 10,759 14,199 5,615 2,807 8.21%
refuse
Domestic 33,502 36,600 26,702 28,138 31,236 4,621 2,310 18.05%
waste
Industrial 35,208 33,287 33,219 35,423 34,284 1,194 597 19.81%
waste
Sawdust 148 66 0 125 85 66 33 0.05%
Cover 46,134 33,316 16,554 55,352 37,839 16,822 8,411 21.87%
material
Wood 3,743 5,302 97 70 2,303 2,641 1,320 1.33%

waste




Total 202,768 172,382 151,671 173,042 174,965 21,024 10,511 100%

Organic waste valorization challenges

There have been some initiatsvo collect and alorise organic wastiegom Msunduziregion.
These havebeen hindered by several challengasging from financial, institutional, and
administrative issuasithin the municipality The Msunduzi has been facing a lot of challenges
and in D19 the municipalitywas placed under provincial administratibacause ofpoor
service delivery, financialystems, institutional capacity and performantéerefore, the

expectedntegrated waste management plans couldnwaitrialise.

There have been lat of pilot projecs to promote waste management in Msunduml one of
themisnamed qSi yazeenazness agRwe who cfho rm o uThespeoject e s R |
was initiated in 2008 by the Msunduzi municipabiyning toempoweresidents living in ka

Joe informal settleme®bulelo, 2009) The projechctivities irvolve promoing the collection

of recyclable inorganic waste in low income communitied the benefiaries wergaidfood
vouchersIn addition, the project envisionéd engage on othexctivities such as tehing the

residents innovative waste management practices such as valorisation of organic waste through
compost productionlf successful the proge was supposed to be outscaletbwever, the

project failed to materialise due to budget constraints withén municipality and lack of

external funding.

Organic golds another company that seekedortand composbrganic wastécomthe NERL
into organic fertilises. Initially, the project was approved by the technical and engineering
services of Msunduzi municipality. However, final approval from the city council was not
successfulLateron,another companyShoretechreceived a tender to composganic matter
from NEL but this pan was abandoneas the company failed to secure emvironmental

assessment licence from the provincial Department of Environmental Affairs.

Despite the municipal vision of creating a safe environment at NERL throughlfeation and
recognitionofwas e pi ckers by constructing the Mater.
yet been achieved. The fertiliser company Gromor was in a process of establishing access to
green waste feedstock from the Msunduzi municipahty,this was halted by informalaste

pickers (Personal communication with the Gromor manager) because they felt their livelihoods
were threatened by this process. This illustrates that competing interests between waste

management actors does exist.



Despte several challenges encountetad the municipality in the past, integrated waste
management continues to be a focus in their integrated development plan, with a special focus
on minimising organic waste entering the landfill site. The constructiomftarial recovery

facility (MRF) for waste pickers, establishment of energy plants and/or composting facility near

the NERL have been clearly stated as the municipal v{dsunduzi Minicipality, 2020)

Waste dispaal

The Msunduzi municipality waste collection data above does not show the actual proportions
of various waste streams that reach the municipal landfiis informatiom was generated
using data from a study done by uNgundlovu district municipalityn conjunction with
Msunduzi municipalitywhich shows the characteristics of waste disposed at the NEHRBL
(Table5.10). The information was based on projections done by uMgunguadluring their
feasibility study on the potentifdr recovering organic waste within the district boundary. The
projections weralone because of the inconsistences in monitoring weighbridge data, which
resulted in a lack of reliable information on thetual volumes disposed at the NER\ctual

data collected in 2013 was used for projections of waste quantities to be deliverE®lto N

over the next 20 years, with an assumption that waste quantities will increase by 1.0% per year.

The largest proportionf waste entering the NERL (presumed to be generated within the city
region) is biodegradable (garden refuse + organic waste} atbut 59,001 tons yeaBased

on results reported in the previous section, the mean value of garden refuse wastedgergerate
transported from garden dumpsites in Msunduzi is ~14,999 ton$ yedite the value reported

in below is 20,472 tons ye&rThis discrepancy is due to the fact that the study conducted by
uMgungundlovu municipalityincluded green wastes emanatifigm other municipalities.
According to Riaz Jogiat, about 15,00Ms yeat of garden waste comes from Msunduzi

garden sites whelan additional 5,000 is transported from other municipa({fedogiat, 2020)

In addition, about 44fbns yeat of food waste is transported to NERMuch of this food waste

is mixed up with inorganic domestic waste, a fact that makes organic waste valorisation efforts
difficult. Taken all together, the Msunduzi erggion produces ~55,000 tons biodegradable
waste yeat (Figure 5.2}, virtually nore of which is currently captured, processed, and

valorized.



Table 5.10: The composition of various waste streams (tons yedr disposed at NERL based on current
characterisation data projected for the year 220.

Volume
Waste type Percentage
(tons/yr)

Paper and cardboard 24,396 15%
Plastic 11,310 7%
Glass 6,336 4%
Metal 4,407 3%

Organic 38,529 23%
Other 29,991 18%
Inerts 31,056 19%

Garden refuse 20,472 12%
Total 166,497 100%

* Plastic (low and high dnsity polyethylene, polyethylete¥ephthalate, polypropylengolyvinyl chloride),

Paper and cardboard (heavy letter 1, common mixed waste, newspaper, scrap boxes and cardboards and Tetra
Pak), glass (green, brown and clear glass bottles and contair@ggnic (putrescibles), garden refuse (green

and woody waste)ral other (tyres, wood waste, textiles, cloths, batteries amdste).

Collection Transportation Disposal (NERL) Reus¢>

Domestic waste

Organic waste:
Food waste (7,560 t/yr)

Organic waste:
Food waste (7,560 t/yr) I- GE?rden r.'efuse: 322 T
Garden refuse (893 t/yr) Mixed biogenic (14,290 t/yr)

Mixed biogenic (14,290 t/yr)

Organic waste: biodegradable
r
Organic waste: Garden refuse (128 t/yr) (55,106 t/yr) Y

Food waste (6,423 t/yr) Mixed biogenic (5,822 t/yr)
Garden refuse (128 t/yr)
Mixed biogenic (5,822 t/yr)

-
| R —

Figure 5.21: Organic waste stream flows from collection, transportatidisposal and end use in Msunduzi
local municipality.




Conclusion

The waste management system in Msunduzi is run by various actors; public, private, informal
and norgovernmental organisations. The public sector (Waste Management Business Unit of
Msunduzi municipality) is responsible for theltection, transportation and disposal of general
household, industrial and commercial waste as well as the management of eight garden refuse
sites and the landfill. Most of the inorganic recyclables are colldntgivate companies in

Msunduzi, with ndocus on organic waste.

Msunduzi has a strong institutional and legal framework for promoting a circular economy
through organic waste valorisation. South Africa Waste Pickers Association and Groundwork
empowersnformal waste pickers are active in cotlen of recyclables and can potentially play

a role in organic waste recycling activities. The Wildlands trust, through various initiatives to
promote green activities, provides an environment for thesénlcoymegroups to earn a living
through ecedriendy businesses. There are eight garden sites around Msunduzi from which
garden refuse can be obtained from, however, these dumpsites are abused through illegal
dumping so much work must be done to influence behacitange and solidify security in the
respective sites. Furthermore, the food waste generated in Msunduzi is higher than the amounts
being effectively separated and eventually dumped at the landfill hence source separation of

food waste, especially in higlensity areas, is crucial.

A successfulorganic waste recycling program in Msunduzi must take a transdisciplinary
approach involving public institutions, private sector, 4gonernmental organisation and the
community (informal waste picker, small mediumicroenterprises and/or even small holder
farmers or cooperatives) to establish a common understanding and goal. Furthermore, the
municipality is crucial in driving up a conducive environment through speeding up

establishment of a material recovery fagilind a green waste pieatment facily.

Human waste management

Sanitation policy in South Africa

In 2015 nations around the world developed the Sustainable Development Goals. One of these
goals (6) focused on clean water and sanitation for every@wenRdata shows that despite a

10% increae in access to clean water between 2Z2Q07, roughly 785 million people are still
deprived of this essential resource. The provision of basic sanitation services increased from
28% to 45% during this period as Nélowever, 709 million people continue practice open
defecation and the lack of adequate sanitation remains a major public healtfWHE)s&
UNICEF, 2019)



Currently, South African sanitation provision is goverigdthree policy documentape

Town City, 2008; Msunduzi Munipality, 2018) These documents include the White Paper on

Water Supply and Sanitation Policy9&), the White Paper on a National Water Policy of

South Africa (1997), and the White Paper on Basic Household Sanitation (2001). The White
Paper on WateBupply and Sanitation Policy was established by the South African Department

of Water Affairs and Festry (currently the Department of Water and Sanitation) to improve

equity in water and sanitation provision for all users, regardless of race, genadeonog. The

White Paper on Water Supply and Sanitation Policy (1994) was established with awision
enhance the provision of adequate sanitation services in order to protect public health, protect
the environment, er adi c ate employment ogpbriunitiek ent sy s

ensure consistency in urban and rural housing policies.

In addition, the National Development Plan Policy (Vision 2030) was instituted to eliminate
poverty and reduce inequality. Part of the policy focused on sanitati@structure that is
poorly located, inadequate, and underaintained(National Planning Commission, 2011)
Currently, he National Sanitation Policy (2016) assesses the positions of various sanitation
policies across #hentire sanitation value chain: collection, removal, and disposal or treatment
of human excreta and domestic and industrial waste@egublicof South Africa, 2016)
Additional policies governing water and sanitation provision in Msunduzi municipality are

summarised in Table 1 (chapter appendix).

Inequality

South Africa is a country that has faced significant inequalities in terms of spatialng and

the distribution of infrastructure. According k& B. Mkhize (2018)the Ink between spatial
planning and infrastructure planning must be considered to eliminate inequalities; a critical
component of which involves the equitabl@ysion of sanitatio(Msunduzi Municipality,

2020) Currently, about 6% of households donJdt
30% have pit latrines, 62% use toilets teghby the waterborne system (46% having flush
toilets in their households). Use of waterborne fltmkets is highly correlated with both race

and socieeconomic status in South Africa. This is contradictory to the National Development
Plan (Vision 2030)policy, which speaks in favour of equitable sanitatigvisunduzi
Municipality, 2020)

In addition to spatial inequalities of sanitation provision, secionomic factors are also very
important. Low income residents often struggle to afford access to safe and dignified sanitation.

To counter this challenge, city council customers who earn less than R4,000" opaalify to



receive assistance. A program, subsidized by the nationalrgoeat, subsidizes sanitation
costs for this group, officially categorized as indigent. As of 20ie were 4,473 households
receiving free basic sanitation. This number dropped to about 1,255 households by the end of
2018(Msunduzi Municipality, 2018)oecause the indigent status is not permarnamice it is

forfeited as the living standard improves

Institutional roles

Sanitation policies dealoped at the national level are diffused to the provincial, district, and
local municipality levels. Th®epartment of Water and SanitatiidWS) is resposible for
framing and applying policy governing the sector at both the national and provinciallleel
DWS developed the national sanitation policy (2016) to provide integrated sanitation services,
coordinate institutional arrangements, ensure partmipasanitation planning, and ensure

sound regulatory supervision.

The Water Research Commissi®RC) is a National Research and Development centre that

was established through the Water Research Act (Act No 34 of 1971) following a period of
water shortage. The institution tackles water quality issues associated with water scarcity,
pollution resultig from anthropogenic activities, and the sustainable management of water

resources. The key activities of the WRC are thus summarised below:

i.  Promote cordination, cooperation and communication in water research areas
ii.  Establish water research needs andriies
iii.  Stimulate and fund research according to water priorities
iv.  Promote effective information and technology transfer

v. Enhance knowledge amadpacity building.

Another critical institution is The KwaZuNatal Department of Goperative Governance and
Tradtional Affairs (COGTA). COGTA is a provincial governing board that regulates the Local
Government through the Municipal Systems Act (Acta82000) and Municipal Structures

Act (Act 117 of 1998). COGTA is involved in the integrated aspects of municgpalces
provision, including governance, administration, municipal finance and integrated planning at
a provincial levelTherdore, COGTA pays a role irensuring that municipalitiemeet serice

provision standards.

Msunduzi Municipality is another kepstitution. The municipality, with authority stemming
from section98 of the Local Government: Municipal Systems Act, is a governanceg entit
responsible for water and sanitation provision. The municipal by laws allows the city council

to provide certaifevels of sanitation provision at its own discretion. The municipality has total



control over water resources and sanitation infrastructittermits jurisdiction, for example.

The general functions of the municipality are summarised in an organogigure(1, chapter
appendi). The water and sanitation infrastructural development activities are performed by the
infrastructure services of Maduzi. The unit is responsible for the establishment and
maintenance of sanitation infrastructure including o sihd onsite waterborne or waterless

systems.

Umgeni water authority is responsible for the bulk supply of water and wastewater treatment
ard is an additional key institution. Umgeni operates the Darvill WWTP and the small package
treatment, Lynnfield ParwWTP. Umgeni water is a statevned entity that is mandated to
provide water services through water supply and sanitation provision tovadker services
institutions within its operation area. The entity was started in 1974 and is housed within the
Government Business Entities, operating according to the Water Services Act (Act 108 of 1997)

and the Public Finance Management Act (Act 1999). Its activities include:

I.  Management services, training and other support services to other water services
institutions, in order to promote -@peration in the provision of water services;
II.  Supplying norpotable water to endsers who do not use rfhousehold purposes;
lll.  Providing catchment management services on behalf of the relevant authority;
IV.  Supplying watedirectly for industrial use, accepting industrial effluent and acting as a
water services provider to consumewghich is done through appval from Water

Services Authority.

The environmental health unitithin Msundwi municipality isresponsible for th monitoring,
effective wastewater treatment and water pollution control. Activities include collection,
treatment and disposal of sewage, and control of the quality of surface water (including the sea)
and ground water. They support peoand safe wateand wastewater consumption. This is

done through sampling and analysis of sewage wastewater.

Service provision

South African law recognises sanitation as a basic human(@ghinden, Pfaff, Macleod, &
Buckley, 2018) Poor sanitation is one of the major contributors to water borne disease
outbreaks such as cholera, whwehs evidenceth KwazuluNatal, South Africa in 982 and

2001 (Nojiyeza & Amisi, 2008) Therefore,water and sanitation authoriti@sust provide

sanitation to every household within jiigisdiction area.

Sanitation provision is categorized into different classes: (1) no sanitation, (2) essential

sanitation, (3) basic sanitation and (4) f

u l



share unimproved facilities witheighborsor resort to otheunhygienic practices such as the
gbl ack bucket S v lger lBuoket s usedh ferr defécgtion aand Zbsequently
collected for emptying on a weekly basis. The second level of sanitation, categorized as
gessent i al RCitp(2008}, & pbeactdrised oy more than five people per household
sharing a toilet. Basic sanitation involves the provision of at least a shared toilet, which serves
a family of at least 5 people per household thigis deemed safe, reliable, hygierdognified,

healtly, and environmentally safe. A ventilated improved pit latrine (VIP) is an example of a
basic sanitation technology. The highest | ev
a water borne sewerage system which can be eitts#tiecor offsite vaterborne (conservancy
tanks, septic tanks, municipal sewage), or hygienic waterless techndlGgjgs Town City,

2008)

Msunduzi municipality, as a water and sanitation services provider, has established Msunduzi
municipality bylaws on sanitation(Msunduzi Municipality, 202Q) which control the
construction, management, and compliance of any sanitation technology within its jurisdiction
to ensure that the system is not hazardous to human and environmentalhedWlnicipality

Water and Sanitation Business Unit is responsible for establishment, replacement, and
maintenance of sewerage infrastructure. In-reewered rural areas, this agency provides
sanitation in the form of VIP toilets. However, in some inforsetlements, satation is also
provided in the form of chemical toilets on interim bg8seatwood, 2020)

The collection of exeta waste from conservancy tanks, septic tanks, and VIP toilets lies within
the responsibility of the Msunduzi municipality on a pay as you go basis. The tariffs for the
removal of conservancy tank contents and the emptying of biésed on the voluntemoved

by vacuumtanker Table5.11). Thereare several private companies involved in vacuum tank
emptying business around the Msluzi, however they must provide the service directly to
consumers upon approval inathe City Counci{Msunduzi Municipality, 2014hb)

Table 5.11: tariff rates of onsite waste removal or maintenance (Msunduzi Municipality 2020). Costs

based on either a per load or per septic tank basis.

Municipal service Cost
Clearing of septic tanks within Council R2283.0
jurisdiction zone
Clearing of conservancy tanks during normal R720.98
working hours for non-residential property (per
load)
Clearing of conservancy tanks during normal R360.49

working hours for residential property (per load)



Clearing of a VIP R360.49
Clearing of a VIP (monthly tariff) R56.08

The Msunduzi municipality tankers empty waste from conservancy tankseptid tanks into

the interceptor sewer (manhole) located in Plessislaer, Pietermaritzburg. The contents are then
transported via the main sewer system to the Darvill wastewateméetplant (WWTP).
Legally, VIP contents must be directly transportethtonearest WWTP when they are emptied
(Msunduzi Municipality, 2014bHowever, some operators attempt to desgle contaminated

VIP contents into the interceptor sewewhich overloal the system. Detritus, illegal
connections, and stormwater intrus@go contributd¢o thesystem overload. At the moment,

the municipal sewer system is operating at almost 200%sobriginal design capacity.
(Greatwood, 2020)

In rural areas such as VulindlelahereVIP toiletsareprominentpit emptying is a challenge

due to inaccessibility. In addition to &ssing homesteads on narrow, steep, and unimproved
roads, long distances to the WWTP are prohibitive. As such, some private companies are
considering deep row entrenchment asadternative disposal practice. Onsite sludge burial
followed by planting trees also a promising alternative, however space for new VIPs is often

limited.

All human excreta waste must be treated prior to final disposal as per the local municipal
santation bylaws and the National Environmental Management Act. 59 (2R84, 2009)

The Darvill WWTP is authorisednd responsibléor treatingall the sewagemanatingrom

the Msunduzlocal municipality.

Service standards

All the sanitation service standards are goedrby the legal framework in the specific study
area(Tayler, 2018) The legal framework that regulatescessary standards for toilet design,
collection services, treatment, and disposal are governed by various policies explained in
Tablel of the appendicesThese standards ntusnsure that every sanitation facility has
minimal negative effects on healtleduces vector transmission apdiour, preserves human
dignity, reduces exposure against harsh weather, and protects vulnerable groups such as women
and children(Msunduzi Municipality, 2018)Therefore, all the conservantanks, chemical
toilets, pit latrines, and septic tanks used in Msunduzi Wesggned according to standards
accredited by the South African Bureau of Standards and the International Standards
Organisation (ISO)(CSIR Boutek, 2005)Maintenance of these systems is regulégdhe



Msunduzitariff plan that coveractivities such as sewer connection, clearing of drainage pipes,

septic tanksand pit latrinegMsunduzi Municipality, 2014hb)

The VIP toilet constructed in Msunduzi, whids commonlyusedacross the cityegion, is
classified as a basic sanitation technolagyer the White Paper on basic water and sanitation.
The design for VIPs in South Africeasdone byBester and Austin (199/and accredited by
the South African Board of Standards (SABSYIR Boutek, 2005)

Msunduzi municipality has established standards for managing its waterborne sewerage system
within its jurisdiction area. The municipality has structures in place to ensure optimum service
provision for sewer collection. Thefore, he sewer master plan was established to address
current and future challenges in the functioning of the sewer syMeonduzi Municipality,

2016a) In adlition, the connection of new households to the sewer system is regulated by the
municipal by laws. The safe emptyingafnservancy tanks, chemical toilets and VIP latrines

is done via a tariff system approved by the Msunduzi city council. Msunduzigeeito other
countries such as Tanzania, where pit emptying is dariallyin a risky mannebut this is

not socially acceptabldy most people.

As per theDWA (2013) the faecal sludge must be treated before being released into the
environment. Therefore, Msunduzi municipalitgs standards set in place for transportation,
treatment and disposal of faecal matter. The contents emanating from VIP toilets must be
delivered to the nearest WWTP. Any private company found discharging VIP sludge into the
interceptor sewer is liable tfine as per thMsunduzi Municipality (2014bby laws. This is

also applicable to industries discharging their effluent into the sewer sygtéchmust obtain
compliance licences to ensure that other hazardous chemicals are not being discharged.
However, there are still some challenges with illegahpiing of sludge into the public drains.

The Msunduzi municipality wastewater treatment is controlled by the Umgeei,veastate
owned entity. Umgeni water internationally recognised analytical laboratories accredited by the
ISO board and other local warities for monitoringvastewaterK ey monitoring competencies

for wastewater quality compliance and water sludgetrireat residue disposalyhich are
reported on a monthly basis to the relevant regulatory bddigse been developedhe
discharge of effluent into water bodies is done in accordance with the Water Act of 1998.
Umgeni has been awarded a green drop stiaypdying its capability to treat wastewater is in
compliance with the National Water Act of 1998mgeni Water, 2019)The green drop

standard requires 80% treatment efficienEyastewéer.



Sanitation planning and goals

Service targets

The NDP, established toght poverty and inequality, developed a framework to achieve
equitable economic infrastrucaudevelopment, with apecial focus on regional water and
wastewater provision. This effort has improved service provision from 84% (2013) to 90%
(2018). In addion, the NDP identified 18 strategic integrated projects (SIPs) to expand
provision of basic water supply to 1.4 hah households and sanitation to 2.1 million
householddMsunduzi Municipality, 2018)As part of these targets, Msunduzi has detailed
water and sanitation infrastructure developmerdngl in Vulindlela, Pietermaritzburg,
Edendale and the broader Msunduzi Municipaliylsunduzi  Municipality, 2020)
Specifically, municipal sanitation objectives are to provide 100%ookeholds with water,

70% with water borne sewerage, 30% basic minimum VIPs, reduce no revenue water losses,
redwce water service interruptions, and to respond to 100% of service interruptions within 8

hours(Msunduzi Municipality, 2020)

The Strategic Framework for Water Services (2003) giy@s\sion for a 16year roadmap to

address sanitation service delivery. As part of this framework Msunduzi, aims to eliminate all
vestigpes® t he Apartheid era qbucket systemR, ope
basic sanitation to every housé&hoAlthough the municipality has succeeded in eliminating

the qbucket systemR, work continueggefottke achi e
municipality to achieve these targets is driven by population dynamics; high rates of
urbanisation, idustrialisation and the uncontrolled emergence of informal settlements
(Msunduzi Municipality, 2018)which is not only a challenge to Msunduzi but most South

African municipalities Ashipala and Armitage, 2011)

Special attention must also be given to sanitation in the school system. As per the National
Sanitation Policy Draft (2016), basic sanitation is safe and dignified, and spa@ab taken

to highlight the vulnerability of certain groups such as womehdchiidren. Recently, a child
tragically drowned in a pit latrine in Eastern cape province, an incident that spurred government
to call for emergency intervention in auditingsafe infrastructure in schools, which should
comply with the South African Schts Act of 1996.

The Department of Education has a mandate to improve undignified sanitation structures in
schools by the year 2019/20@DWS, 2018) In alignment with the government call, Msunduzi
municipality respaded by identifying about,@00 schools that need attention, with plans in

place to eradicate unsafe sanitation by the year @d2@nduzi Municipality, 2020)Although



VIP toilets ae considered as an accepeatlinimum standard as per the South African Schools
Act of 1996, this system is hazardous, particularly for small childteaton et al., 2015)
Thus, the WRC has recommended that alternative water borne toilets such as pour flush toilets

be considered for schools.

Public investments

Significant investments have been made by the Msumdunicipality in order to dgeve the
proposed sanitation service delivery targets. The municipality has reserved funds for capital
investments in the water and sanitatgector Table 5.12) throughvarious fundingsources

such as Municipal Infrastructural Grants (MIG), Department of Human Settlements funding
(DOHS), Municipal Water Infrastructural Grants (MWIG) and City Council (CNL) funding
(Msunduzi Municipality, 202Q)The funds aim to provide at least 70% water borne sanitation

and 30% provision of non sewered sanitation within Msunduzi in the near future.

Table 5.12: The Sanitation service dévery budget for Msunduzi municipality in from 2019 - 2022.

Msunduzi sanitation service delivery budget
20192020 20262021 20212022
R79,018,000 R107,329,000 R135,486,000

Expansion ofservice
The Msunduzi municipality in accordance with the Municigstems Act (No. 32 of 2000)
and the National Sanitation Policy Draft (20H6ns to provide basic sanitation to all citizens

including the indigent group.

The municipality continue to provide sanitation services to both the affluent and the indigent
groups. As the population continue to rise the pressure is imposed on the existing sewerage
systems. The municipality has set up a master plan to upgrade #gragewsystem in the urban,
which has been completed and incorporated into the Water Servicesaealb@nent Plans
(WSDP)(Msunduzi Municipality 2018) The Umgeni Water Authority has been upgrading the
Darvill WWTP and the Lynnfield WWTP to increase the treatment capacity to contain the
growing poptations. Currently the Darvill WWTP upgrades are 95% complete.

The municipality sanitationbacldo i s 100% compl et e, there 1is
the challenge remains with the uncontrolled urbanisation. Due to industrialisation most rural
people are migrating to urban areas in search of greener pasturepellast end up staying

in informal settlements where municipalities can hardly provide them with basic services.

Therefore, total eradication of sanitation backlog is impossible.



The municipality continue to provide minimum basic sanitation in the formi@$ in rural
areas to cope withopulation increase. Furthermore, there are no current emptying plans hence
filled up toilets are replaced with new ones. The collection, transportation, treatment and
disposal of faecal waste to protect human health lma@nvironment, in accordance witte

National Sanitation Policy of 2016, is still not well established in rural areas.

Monitoring and reporting of service access

The monitoring and reporting process in Msunduzi is done as per the legislative requwrement
through the Annual Performanceeport (APR). The report is divided into two different
sections. Section A is the functional service delivery reporting, and section B is the annual
report of the service delivery budget implementation plan (SDBIP) andaareport of the
operational planThe municipality implements an Organisation Performance Management
System (OPMS) as a monitoring and evaluation tool. The OPS involves municipal business
unit managers, councillors, and community representatives in codemonitor services
delivered in away to increase transparency and accountability of the municipality. In
accordance with the national and provincial regulations, the municipality sets up and monitors

key performance indicators which have been includedarSDIBP.

Monitoring of sanitabn services levels are done across the value chain. This involves sanitation
infrastructure development, and service delivery in terms of collection, transportation,
treatment and disposal or reuse. The Msunduzi munityideds been granted a green drop
status. The green drop program was established by the Department of Water and Sanitation
with an aim to identify and develop the core competencies required to improve the level of
wastewater management in South “Afi{Baouckaert et al., 2016According toNtombela et

al., (2016) the green drop c#fication is granted when the folving parameters achieve a

minimum score of 90%:

Human resources in terms of process control, maintenance and management skills;
Wastewater quality monitoring;

Credibility of wastewater sampling and analysis methods;

Submssion of wastewater quality ressil

Wastewater quality compliance;

Management of wastewater quality failures;

Stormwater and water demand management;

By-laws;

O 0O O 0o o o o o o

Capacity and facility to reticulate and treat wastewater,;



o Publication of wastewater qualitegormance;

0 Wastewater asset mareagent.

The Darvill WWTP is struggling to meet the established 80% treatment compliance for a long
period. This has been due to illegal connections to the main sewer, growing population,
industrialisation and dumping oféjal stuff into interceptor sewearmupled with stormwater
ingress during high rainfall periods. This has therefore forced Umgeni to upgrade the Darvill
WWTP from the current capacity of 75MI per day to a maximum figure of about 120MI per
day (Msunduzi Municipality, 2016a)The similar challenge is being faced by Lynnfield
WWTP, which is currently operating at 0.2MI per day and Umgeni has prospects tdeupigra

to 1MI per dayUmgeni Water, 2019)

In terms of the section 46 of the Municipality Systems Act measures are taken to improve
overall municipal performance. The performance of each business unit is audited by the office

of the city manager who decides on whaattion take as per outcomes rdpdr

Current sanitation landscape

Overview

At the moment in Msunduzi municipality, 6% o
of sanitation, 30% utilize pit latrines, and 62% use some form of water borne sanAatios

same time, the municipéalirecognizes the Constitutional clause 108 of 1996 (Bill of Rights),
which asserts the right of all South African citizens to dignity and access to an environment that
is not harmful to their wellbeinRSA, 1996) Thus, the municipality thrives to provide, at a
minimum, basic sanitation to all residents, and waterborne sewerage wherever possible. As
stated above, the municipality is striving to achieve this goaerdestrategic approaches have

been put in place to improve the sanitation landscape within the municipality. The sanitation
master plan seeks to address sanitation coverage within the urban core by expanding the size of
the sewer system, and to provid#gerim solutions such as chemidailets in informal

settlements such as Jika Joe (Greatwood, 2020).

The scenario is different in rural zones such as Vulindlela, which is outside the municipal
centralised sewerage zone. In this area basic sanitatisoviglgd in the form of VIPs. The
critical challenge facing residents that utilize VIPs deals with maintenance; no solution is in
place that allows for the removal of fecal sludge when a pit is full. Hundreds of pit latrines
across these wards are now and present a risk to human angliesnmental health. To ensure
sanitation equity the local municipality is searching for solutions that will allow for a

sustainable and safe solution to this growing crisis.



Human waste generation

The sanitatiordemands and increased human excreta gemerate driven by a growing
population.In Africa, faecal matter production is roughly 128 grams petstay*, while urine

is 1.42 L person day?! (Rose, Parker, Jefferson, &a@mell, 2015) Thus,in Msunduzilocal
municipality, a population of 679,038, generates approximately 31,800 ton3 {feacal
matter) and 352 Megalitres of urine yéafhis waste is environmentally hazardous and must
be safely contained, transpexit treated and disposed/reusdte method and extent to which
human excreta is managed properly differ within various households. As reported, 30% of
human excreta is contained using VIP toilets, 18% using chemical toilets, conservancy tanks or
septic anks, 46% via the municipal sewerage systand 6% is via open defaecation. VIP
toilets are commonly utilized in rural areas of the municipality such as Vulindlela, while
conservancy and septic tanks are found in Greater Edendale and most rural sdieols. T

municipal sewer system is located onlythin wards 1638 (Figure 5.22). Most of the

temporary sanitation solutions such as chemical toiletgrakéded in informal settlements.

Msunduzi map
Municipal sewer coverage

ndloyusD(

Legend
City/town
Darvill Waste Water Treatment Site
“ Duzi turf
GOOg|€ Earth Municipal sewer coverage (ward 10-38)
image © 2020iMaxarehrologics Plessislaer interceptor sewer
©12020 AfriGIS(Ply) L4d} Vulindlela (Wards 1-9 and 39)

Figure 5.22: The areas uner the Msunduzi sewerage system (wareB&)) showing the location of the
interceptor sewer (Plessislaer), rural areas (Vulindlela), Darvill Waster Treatment Plant and the Duzi turf.



Collection, treatment, and disposal

From the existing sanitationfrastructure in Msunduzifror! Reference source not found),
therear e no ecol ogi cal toilets (such as wurine
despite being reported I8tatistics South Africé2016) According to Mr. Mike Greatwood (in
personal communication), the ecolcai toilets might have beererroneously reported by
enumerators from Statistics South Africa who did not understand differences aditiagstt
sanitation systems they semed. Furthermore, the information reported kAsunduzi
Municipality (2018)does not show any presence of bucked ecological toilets within the

local municipality, an indication that tlmeunicipalroad to achieve its target is on course.

The current VIP toilets do not separate urfreen faeces, the superstructures are collapsing,
and emptying of the contents idfitult. The eThekwini municipality has recognised the urine
diversion toilet as the minimum standard for basic sanitation, and rolled out programs to replace
all VIP toilets in its area of jurisdictio(Gounden et al., 2018Msunduzi still recognises VIP

as the minimum basic totlavhich constitutes about 30% of the total toiletdshe municipality
(Figure 5.23). The municipality is continually rolling out VIPs in non sewered rural areas.
Considering, the environmental impacts of VIP toilets on groundwater resources, their
continuous usesi contradictory to the sustainable development goal number 6.6, which

encairages th@rotecton ofwater resources from pollution.

Chemical toilet
13%

Pit Latrine (vent lated)
16%

Pit Latrine
14%

Flush Toilet (sewage)
46%

Toilet (sept €)
5%

Figure 5.23: The provision of toilet types across Msunduzi (StatisticshSainica, 2016).



As a Water Services Authority, the Msunduzi municipalitgter and sanitation unit is
responsible for the management of sanitation services within the local municipality
(Greatwood, 202Q) About 64% of the total human excreta is safely collected by the
municipality via municipal tankers qhoney su
sewersystem. Of this total, 18% of residents use conservancy tanks, cheibgtaland septic

tanks and 46% are connected to the central municipal sewerage. Mr. Mike Greatwood
confirmed that there are no contracted private emptying companies, althougtootipanies

such as Sanitech and Partners in Development (PID) offer theesé@rhe municipal collection

of septic tanks is less frequent and in some instances the service is constrained by the
unavailability of adequate fleet, leaving the responsibititthe residents who must ensure that

their septic tanks are serviced whelh In sewered areas, Msunduzi municipality is responsible

for the management and maintenance of the sewerage system. The scenario is different for rural
residents living in Vulintela, a non sewered region where VIP latrines are prominently used.
Due tothe rugged terrain in Vulindlela, accessibility of honey suckers is a challenge and most
VIPs are not being emptied. In addition, the municipality did not initially have plansgty em

pit latrines, VIPs where constructed as part of basic sanitationgonogind dealing with full
toilets was the ownerd3s responsibility. The
owner has to construct a new ofMsunduzi Municipality, 2016b)Some householdsap

private companies to empty their pits, but the nature of the latrine contents prohibits the use of
vacuum tankers hence manual emptying can be a practical option as beingmostAsian

countries such as India.

The Darvil WWTP has an average treatrnefficiency of 83.7%, which is above the legal
standard of 80%, meaning that about 17% of the waste delivered to the site is lost through other
processes such as burst pipes andhswater intrusion. However, during the last three years

the plant has opated operating below 75% treatment efficietimgeni Water, 2019)
Wastewater is treated through conventional methods, including mechanical screening,
sedimentation, and activated sludge gesses to produce thickened sludge. The treated
wastewater is not used fpotable purposes, but rather is discharged into the river. However,
there are prospects for portable wastewater recycling and the infrastructure has already been
established and awaiting respective protocalgmgeni Water, 2019 Currently there are four
anaerolr reactors to produce energy used to heat the treatment system (Personal
communication with Mluleki Mnguni during a site tour). The primary sludge from pre
fermentation process artbde secondary sludge from the activated sludge reactor are mixed
together stabilised and transported to a facility operated by Duzi Turf (Pty Ltd). However,



disposal of sewage sludge in general is a challenge for Umgeni (Mluleki Mnguni, personal

communia@tion).

Current challenges

Currently, many of the/IP latrinesare filled up and efforts to empty them have proven
unsuccessful due to the inaccessibility of rural areas such as Vulindfsianduzi
Municipality, 2016b) Consequently, faecal sludge c¢ontained but not emptiedhich is
contradictoryto the National Water Act (1998).

In additionto filled up toilets some of the toilet superstructures are damafgpeding other
residents to dig new platrines next to the old structuréhe VIPssludge ismixed up with

various inorganic wastes due to lack of proper education on handling such sanitation systems.
This inappropriate debris from VIP sludge damages vacuum tankers, making emptying by

municipal vehicles impossibl@Partners in Development, 2019)

However, Darvill WWTP has struggled to meedstewser treatmenstandards for the past
three years. Thisould beattributed to frequent power outages, over straining of the system
through illegal dumpingf sludge in the municipal sewer systestormwateintrusion, and

growing waste flows resulting fronrbanization.

Msunduzi is one of the 21 municipalitifet has beeaperating below the minimum standards
sothey were placed undedministration Thereforethey are reporting on a monthly bagis

bad to basics. This improves municipal governance and administisditimat it carachieve

its service targets. They have, furthermore, implemented operational and maintenance plans for

various services including sanitation.

The second concern li@gthin the conveyance of excreta waste from households to treatment
plants. Based on the current municipal literature there are no plans for improving collection of
VIP contents in areas such as Vulindlela. However, the budget plans to cater for intrasdtruc
development through construction of VIP toilets. Some of the municipal plan is to improve
water borne sewerage system in Msunduzi urban area, for example, part of Edendale is served
with conservative tanks and the contents are discharged intodheejpiio sewer in Plessislaer.

Edendale was allocated R185 million in the 2016 sewer master plan.

The municipality is taking sanitation environment compliance seriously. Sewage spills resulting
from blockages and aged pipes during containment and traasport raw sewage to the
WWTP is a source of environmental pollution. Accordindvieunduzi Municipality (2020)
the number of reported blockages increased from 2,2001(2A2) to more than 3,500



(2017/2018). Due to these blockages the municipality has incurred a lot of operational expenses.
Therefore, approximately R977 million have been allocated to upgrade Darvil WWTP by the
Umgeni Water Authority(Umgeni Water, 2019)The Ungeni Wader Authority has also
invested in product quality for customer satisfaction; R213 million (2018) was invested for
infrastructural maintenance. It is worth nothing that Umgeni Water Authority is cognisant of
the community dynamics. The company saeksoriract, wherever possible, with black owned

companies and supports female owned enterpfis@geni Water, 2019)

Shit Flow Diagram (SFD)

Containment technologies in Msunduzi

Faecal sludge containment technologies in Msunduzi are reportédble 5.13. The
containment of faecal sludge is primarily accomplished with eithushftoilets (45.9% of
population) connected to municipal sewage, or onsite solutions such as VIPs,
septic/conservancy tanks, or chemical toilets (49% afufation). There is one offsite
decentralised wastewater treatment package serving a small popimatignnfield park,
Msunduzi local municipality, which makes an insignificant proportion of total faecal matter
contained (0.1%).

Table 5.13: The description of sanitation containment with speciateference to Msunduzi local
municipality context.

SFD Description of Population Proportion Msunduzi description
variable  sanitation containment using it
F2 FS contined on site 203,973 30% VIP toilets
30,980 5% Septic tanks
91,858 14% Chemical toilets and conservancy
tanks
OD9 Open Defecation 40,477 6% Informal pits, people in unserved
areas
WW contained 310,985 45.9% Waterborne flus toilets connected
W2 centralised (offsite) to the centralised wastewater
treatment plant.
WW contained 764 0.1% Waterborne flush toilets connecte
(decentralised) to decentralised package plants.

W3

The distribution of sanitation systems across different residential arbsinfiuzi shows that

rural traditional areas and informsgttlement (shacks) are the least served as shown by largest
population practicing open defaecatiofable 5.14). People in rural traditional areas of
Msundwi are using VIPs toilets which are rarely maintained; sometimes the superstructures
break or the toilet fills up without emptyin@isunduzi Municipality, 2016p As a result,



people end up practicingpen defaecation. There are no UDDT toilets in the Msunduzi
municipality. The flush toilets are predominantly used in formal houses of tharpan and

urban areas. About 5% of the Msunduzi total populatisidireg in Ashburton area, are using
septic taks due to availability of enough land for such sanitation systems. Conservancy tanks

and chemical toilets are found within the urban informal settlements.

Table 5.14: Population proportion per containment type per dwelling type.

Chemical
Dwelling toilets and Flush toilets
Open VIP UDDT conservancy connectedto  Septic
Type defecation Toilets * tanks WWTP tanks Total
Rurat traditional 16,865 44,994 61,859
Rural Ruralt formal
house 59,992 59,992
Shacks 16,865 44,994 61,859
Pei - Formal house 78,329 78,329
urban Apartment
building 78,329 78,329
Shacks 6,746 53,993 91,858 183,577
Formal house 76,762 30,980 76,762
Urban Apartment
building 78,329 78,329
TOTAL 40,477 203,973 0 91,858 311,749 30,980 679,037
PERCENTAGE 6% 30% 0% 14% 46% 5% 100%

*UDDT is the Urine Diversion Dehydrated Toilets

Transportation of faecal sludge

The SFD matrix showing inputs for containment technologies, proportion transported and
treatedis reported inTable 2of the appendicesThe flush toilets (46%) are connected to the
centralised sewerage system where wastewater is conveyed@artieWWTP. Flush toilets

in Lynnfield park are connected to the package WWTP and they contributby 0. 5% of the

total faecal sludge conveyed within Msunduzi.

Septic tanks found in Ashburton (5%) are generally connected to the sock pit. The Ashburton
area all ows the use of septic tanks since a
zone 1 and 233, meani ng ar espsctivehyi. The septiotank s i z e ¢
effluent drains into soakawaysecausehe soil permeability allows this with no problems

reported by the time when this was reportetsunduzi Municipality, P14a) Some septic

tanks found in Lynnfield drain into soakays and discharge into Lynnfield WWTP. The
remaining faecal sludge emptied from the septic tanks is discharged into the interceptor sewer,
according toGreatwood (202099% of the contents are estimated to eventually reach the

Darvill WWTP, whengiving a room of 1% losses through burst pipes.



The conservancy tanks and chemical toilets are fully linedl, an hey donJd3t have
overflow. Their contents are regularly emptied and discharged into the interceptoasewer
subsequentlgonveyed to the Darvill WWTP. The VIP toilets are gelgrsemipermeable

and the bottom is opdBester & Austin, 1997)The faecal sludge contained in the VIP toilets

is not emptied therefore remained buried in the pits; there is no overflow or outlet. Since there

is no borehole water consumption in Msundti has no risks on groundwater quality.

Groundwater contamination risk

Groundwater constitutes about 97% of total freshwater potentially available for human
consumptior(Lawrence et al., 2001The groundwater is vulnerable to pollution from various
anthropogenic activities suals agriculture and sanitation systems. Agricultural systdease
nutrients such as nitrates into the groundwater. Excessive nitrate levels in drinking water can
cause methemoglobinemia, a condition in which oxygen uptake by red blood cells is impaired

(Fewtrell, 2004) Just likeagriculture, sanitation systems may also contaminate groundwater

resources with either nutrients or water borne pathogens such as typhoid, cholera and helminths.

According toLawrence et al. (2001different factorsthat can causgroundwater pollution
include soil type, groundwater table depth, location of the sanitation system and the source of
drinking water. According to the SFD parameters for Msunduzi municipality there are low
groundwater risks due tmexistence of borehole water for drinking purpogksunduzi
Municipality, 2019; Ntuli, 2020; Statistics South Africa, 201&jince the municipality is
looking forward to install boreholes in underserved communitieb ascVulindlela(Ntuli,

2020) groundwater risks with regards to soil type and lateral spacing needs to becassess

Data quality

The shit flow diagram graphics sheWaecal sludge generation, containmerdansportation,
treatment and disposal/reugaror! Reference source not found). Faecal sludge from 46%
of the total population in Msunduzi is contained by flush toilets connégtdte centralised
sewerage system. About 1% of the tatalvage wastewater conveyed to the WWTP is not
delivered. According t&reatwood (2020an estimated % of the wastewater conveyed to the
WWTP is lost through burst pipes. According to Mr Mlulekiridg a site visit at Darvill
WWTP, stormwater overflows are common during the rainy season, contributing to some extent
of sewage spills as the WWTP inletdlds (UmgeniWater, 2019) Perforated steel manholes
installed to allow stormwater flushing during rainy pels are subject to theft as a result debris
enter the systems thereby causing blockdiesunduzi Municipality, 2016a)Stormwater

monitoring has been plaed for through various pump stations around Msunduzi, meaning that

-

C



the issue is being addressed in the municipality therefore 1% wastewater losses ao&vsomeh

validated.

Onsite sanitation technologies reporitedError! Reference source not foundare comprised

of conservancy tanks, chemical toilets, septic tanks and VIP toilets. The 33% ofsfadgal
contained but not emptied emanatesfrVIP toilets. This is the sludge that is not delivered to
the treatment plant but remains in the pitscording toGreatwood (202Q)most of the VIP

toilets are located in Vulindlela where they were constructed to provide basic sanitation. Pit
emptying service is available on a pay as you go basis, buepgemot willing to pay for the
service. Fuhermore, the areas are inaccessible making it difficult for municipal tankers to
reach for emptying. As a result, people abandon the toilet and construct the new one after filling
up. Despite having some alt@tives such as emptying faecal sludge asdadiing in into deep

row entrenchment, followed by growing trees, the practice is not yet being done in Msunduzi
(D. A. Still, Lorentz, & Adhanom, 2014)

There was no conclusive information on the numbers of septic tfaeutkarenot being emptied

in Msunduzi since the practice is being done byoterprivate companies and the municipality
Thebilling information could not be obtained since some municipal officers were not working
during the Covid 19 lockdown. However, based on the information provideégrdgtwood

(2020) the practice is being done by the municipality on pay as you go basis as well. The
proportion of population using septic tanik very small, about 5% 4ble5.14), predominantly

in Ashburton area which is highly accessible. Furthermore, septic tank emptying service is less
frequent and can be done over a period of 5 years depending on the size of {hotask

2000) Therefore, based on thigformation, it vas assumed that all the faecal sludge (100%)

from the septic tanks was being emptied.

The average treatment efficiency of Darvill WWTP is 83.7% whereby the treatment plant has
been struggling to operate above 80% for the past 3 yeardiertmwater intision and
upgrade works taking place at the giengeni Water, 2019)herefore, 83.7% of all the faecal
sludge emanating directly from flush toilets and indirectly from containment technologies
(conservancy tanks, chemical toilets and septic talnkige) dischaigg into interceptor sewer

is safely treated. The Darvill WWTP upgrades were expected to complete by 2020, however
the progress was hindered by the contractor who underwent business thscefre

completion of the upgrade will improviee plant treatnmd efficiency.

About 6% of the faecal sludge coming from Msunduzi is unsafely managed through open

defaecation. A report bylsunduzi Municipality (2018%howsthatthere are no bucket toilets



and residents in informal settlements are served by chemical toiletsopEhnigiefaecation is
probably being done imformal pits andcby people withno sanitation access in rural areas. In
addition, uncontrolled urbanisation is making it difficult for the municipality to eliminate
sanitation backlogévisunduzi Municipality, 2018)since most of the people coming to towns
ard cities are livng in informal settlementsThese people do not have immediate access to

sanitation as a result they practice open defaecation.
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Local perspectives

Content matter specialists Offsite sanitation

The rangef sanitation service chains, extent to which sanitation services are effective, reliable,
achieve performance standards and targets, respond to existing demand sexViaddress

future demands were assessed.

About 62% of the residents in Msunduzi wasneated to be using the offsite sanitation, except
Lynnfield which is served by a package decentralised WWTP. However, this figure was
including chemical tanks and congancy tanks which are disposed into the main sewer system.

The offsite sewerage systesarves residents in urban areas of Msunduzi local municipality.

According to an interview with Mr. Greatwood approximately all the wastewater emanating
from the city reahes the WWTP. However, there is a room for some losses through burst pipes,
which wee marked negligible. Therefore, 99% eventually reaches the WWTP. This was almost
in agreement with the figure of W% estimated by Mr. Royal Nzuza. This shows that the
sewerage system is very efficient in safe transportation of wastewater to treatamgsi pl
despite having challenges in illegal discharge of some sewage sludge into the main sewer

system by bogus private pit emptying companies.

The wastewater treatmemt Msunduzi is done at Darvill WWTP, a facility that is operated by
the Umgeni Water Ahority. According to Mr. Mluleki, the wastewater treatment is done
following a conventional method which involve stormwater diversion, mechanical screening,
primary sedinentation, activated sludge processes, phosphate precipitation using aluminium,
secondry clarification to separate and return activated sludge, chlorination of final effluent and

prethickening for primary sludge.

Accordingto Mr. Royal Nzuza and Mr. Greaood, wastewater treatment compliance was
estimated to be between-280%. They atthuted this to Umgeni being an entity that has a
green drop status with a water use licence issued by the Department of Water and Sanitation.
However, the interviewed spaftists recommended further confirmation in the Umgeni final
report after highlightinghat the entity was having some challenges. Further confirmation in
Umgeni Water (2019)wastewater treatment compliance is one of the major issues faced by
Umgeni water. The entity was reported to achieve an average of 84% wastewater treatment
efficiency; however, the treatment efficiency has been operating below 80% for the past three
yeas. This has been attributed to ongoing upgrades, power failure and excemsneaser
intrusion as the plant is operating above its potential capacity. Howeveis thpected to

normalise soon after the completion of the upgrade activities.



As the urlan population continues to grow the Msunduzi municipality is expected toehandl|
wastewater generation. Current challenges being faced include aged infrastructure which was
made to cater for small populations. Secondly the WWTP is under pressure as ihitogase

from stormwater intrusion and illegal connections are burdeningehgrtent plant capacity.

Two entities involved in wastewater management will play pivotal roles; the Umgeni Water
Authority is responsible for wastewater treatment plant opesatod Msunduzi municipality

is responsible for sewerage infrastructure managéent he Msunduzi municipality has a sewer
master plan in place aiming to increase wastewater transportation capacity to WWTP. The
municipality have plans to replace aged pigeminimise bursts. In addition, Umgeni Water
Authority has been working on uggling the WWTP from 78l day! to 120MI day™.
According to Mr. Royal Nzuza and Mr. Greatwood, initially the municipality planned to
construct a new WWTP, however this wasrded expensive, therefore, upgrading the existing

one was taken as a viable iopt

The treated wastewater is currently not used for any purpose, according to Mr. Royal Nzuza
and Mr. Greatwood, the water is discharge into the river. Indirect water useb@igéppening

along the river course. During a site visit at Darvill WWTP,cadimg to Mr. Mluleki, the
Umgeni Water Authority has established a pilot facility to assess the feasibility for direct
portable water use of treated wastewater. The wastewatigesproduced, and treatment
residues are being used to produce turf by Dud (Pty) Ltd. According to Mr. Mluleki during

the site visit, there have been some farmers who were interested in obtaining the wastewater
sludge, but they were collectingritdonsistently. Therefore, the accumulation of sewage sludge

was one of the clianges the entityasfacing as it must be safely disposed.

Onsite sanitation

The VIP toilets constitutes 30% of the total sanitation containment technologies in Msunduzi,
with no UDDTs available. According to Mr. Greatwood there are not many septidtaunes,

those that are utilized are primarily found in Ashburton. The septic tanks are connected to the
French drain soakaway systéNrzuza, 202Q)There is also a small proportion of conservancy
tanks and most of them are found in schools; 50% being concentrateal sthools. However,

the department of education have been planning to etadicam so these are no longer

installed in new schools, which should have sewer systénesitwood, 2020)

Vacuumtankers owned by the Msunduzi municipality Water and Sanitation business unit are
used for emptying toilets on a pay as you go bé&Sieatwood, 2020; Nzuza, 2026jowever,

most VIPs are rieemptied since some of the sludge emanating from these toilets contains a lot



of trash which damage vacuum pipéSreatwood, 2020; Nzuza, 2020)n addition,
accessibility to these toilets is a challenge due to settlement patterns and terrain. Therefore,
manual emptyig is the best option as done in other countries such as India and Tanzania,
followed by onsite burial in deep row entrenchmé@ieatwood, 2020)This cannot be applied

to South Africa dueanegative perceptions toward handling human excreta ({astatwood,

2020) As a result when the VIP toiletfigll the superstructure is moved, leaving the pit behind

(Nzuza, 202Q)Emptying septic tankludge is not a challenge since it contains less debris.

Open defaecation is not common in Msunduzi. Mr. Royal Nzuza estimated it to be about 3%,
which is not far from 5.5% confned by Mr. Greatwood. According to Mr. Greatwood,
everyone has access to sation, including people in informal settlements. This value could
open defaecation value could be attributed to other unserved people iiNauna, 2020br

even informal pit§Greatwood, 2020)

Treatmet and disposal of onsite sanitation faecal sludge is being done mostly in areas served
by septic tanks, conservancy tanks and chemical t¢Bsatwood, 2020)The sludge from

septic tanks has no debris making it easier to empty using vacuum tanks. As for chemical toilets
and conservanctanks the contents are easily collected by municipal vehicles and sometimes
private emptying companies. The collected stuff is disposed into the interceptor sewer near
Plessislaer police station. This is transported through the municipal sewer system and
eventually reach the Darvill WWTP, where treatment is done. According to thecipai by

laws sludge collected from VIP toilets must be transported to the nearest W\{INEaza,

2020) however some bogus emptying companies end up discharging faecal sludge into the
interceptor sewer causing some blockages in the system. However, the proportion of VIP sludge
that is being emptied is negligible, therefore most of it is natgoepllected treated and
disposed/valorise(Nzuza, 202Q)

Effectiveness and reliability ofexisting sewices
The effectiveness and reliability of sanitations depends on how the value chains are managed

in a dignified, environmentally sound, equitable, sustainable and safe way.

Umgeni Water Authority which runs the Darvill WWTP is responsible viastewater
treatment, quality monitoring and reporting in compliance with DAWgA (2013) general
authorisation for wastewater discharge into water bodies. Thgeti WaterAuthority has
been awarded a green drop status by the Department of Water and Sanitation, meaning it has
the capacity (resources, human capacity and reliable operating procedures) to treat wastewater

to the Department of Water Affairs satisiaat(Nzuza, 202Q)Despite having the capacity to



treat wastewater to the general nationahdards, the are some times when the plant does not
comply with the recommended standards, like currently the treatment capacity is relatively
lower (Greatwood, 2020)

The demand for sanitation services is increasing due to increasing population, industrialisation
and urbanisatiofGreatwood, 2020; Nzuza, 2020herefore, upgrade of the existing sewerage
system is required to methe demath However, the Darvill WWTP upgrade is being put in

place.

There were mixed views on community perceptions towards waterborne and onsite dry

sanitation systems. According to Mr. Greatwood resentment towards onsite sanitation systems
exists.Most peopleprefer water borne sanitation to dry onsite systems as people perceive them

to be prestigious. However, Mr. Nzuza had another view on water borne sanitation; although

people aspire to have more advanced sanitation systems in their homespgreniate

available onsite sanitation as they are most possible available options.

There are different payment structures for sanitation services in Msunduzi. Sewage charges are
based on water consumption through meter read@gsatwood, 2020)People using septic

tanks and VIP toilets pay for emptyif@reatwood, 2020)

There is minimal maintenance of onsite sanitation technologies from the municipality.
Therefore, the owner is responsible for emptying the pits. People awlivg to pay for
emptying tariffs, a problem common in rural communities since they rely on government
support for everything. As a result, toilets are not being emptied so when they are full the old
superstructure is abandoned. Sometimes other péeigplg pitsnext to the old toilet, which is

risky (Greatwood, 2020)

The municipality is responsible for the disal of faeal sludge. The collected sludge must be
disposal at the nearest WWTP. However, there are no enough vehicles to ferry sludge to nearest
WWTP, hence the service is not frequd@reatwood, 2020) Some private emptying
companies discharge VIP sludge into the interceptor sewer where it causes blatkbhges

sewerage system

Currently the faecal sludge is riming valoised in MsunduziGreatwood, 2020; Nzuza, 2020)
This is an opportunity for RUNRES project to explores ways in which sludge cailéeted
treated and reuseduch information is still needed especially the feasibility of valorising
faecal sludge. Mr. Gegwood warned about political dynamics when piloting in communities,
residents in various wards might build resentment when studies are not being domanedhei

Furthermore, Mr. Nzuza stressed out about understanding sludge quality for reuse due to



presencef industries illegally dischargingastewatem certainWWTP. He gave an example
of Mpofana WWTP;where the sludge is high in heavy metals due totilexcompanies
operating in the area. Currently, tbaly reuse option available fdaecal sludgeat Darvil
WWTP is applicationto the land where Duzi Turf is using it for turf production (Mr. Mluleki,

personal communication).

Community members

The commuity perspectives on the sanitation service provision, quality, investments and
policies were thus conducted in three various residential areas of Msunduzi, which are the
urban, perurban and rural areas. Findings for the Focus Group Discussion (FGycussed

in the following sections.

Urban zones

The residents in urban areas of Msunduzi regiefiush toilets connected to the centralised
wastewater treatment system. Although it has been reportati¢hatsa certain proportion of
residents in Asburton are using septic tanks however none of the participants confirmed using
it. This could havéeen due to a very small group (5%) using septic tardge6.14) and no

one participatedrom Ashburtonin the exercise. According tGreatwood (2020some
residents in informal settlements of Msunduzi are using chemical toilets but this could not be
confirmed, therefore high proportion is connected to the main sewer. Thentsswdere
satisfied with theirexisting sanitation system and pointed out it was enough and no

improvements they expect to see.

Msunduzi municipality water and sanitation department is responsible for managing sewerage
systems in the urban areas. The donsis responsible for repang burst pipes and anything

related to toilets remains the ownerJds respo

The residents felt that the sanitation system protect the human and environmental health since
burst pipes are attended on time. On the hamekthre no unmanaged laitrines, the available
sewerage system conveys wastewater to the treatment plant where it is safely treated and

disposed.

Despite experiencing high quality sanitation service, residents feel that there are no
opportunities for the to express their viewsn improvements they might want to see in their

sanitation systems.



Peri-urban areas

The participated residents from Sobantu a-pdsan area in Msunduzi local municipality
highlighted that they are using flush toilets connettedentralised sewer sgsn. However,

one of the members mentioned the use of informal pits and other form of sanitation in ward 35
of Sobantu, which is an informal settlement. However, this confirms that there are fewer

flushing toilets in peri urban aas compared to urban asddMsunduzi Municipality, 2020)

The residents were happy with the sanitation system despite issues related to aged pipes. It was
raised that the sewerage systeas established as fas 80 years back. As a result, the pipes

are continuously bursting as the population continuously increase. This has been confirmed by
the Msunduzi municipality and incorporated in their master plan, which aims to replace the
aged [pes and upgrade the wasftater treatment pla@isunduzi Municipality, 2020)

Msunduzi municipality was singled out as responsible for the maintenance of the sewerage
system. As explaied earlier, the user issponsible for managing the toilet. According to one

of the participants, people are happy with municipality work on sanitation, but the maintenance
is minimum. The participant even dated back the last maintenance work to as189%
however it was nioclear which type of work was being mentioned. According to Msunduzi
municipality the response time to burst pipes is 8 hours ofM=sduzi Municipality, 20Q)

and one participantaed that the municipality responds to burst pipes outside the yard and this
takes 2 to 3 days. However, considering points raised in the previous focus group session it can

be concluded that the municipality response to bupstsailiffers in perurbanand urban areas.

The impacts of the sewerage system on human and environmental health was not an issue as
the participants did not report any water borne diseases. Basing on points raised by residents
the human and environmentatdith risks can be attuited to continuous bursting of aged

pipes. This is further exacerbated by slow response to burst pipes as mentioned in the previous

paragraph.

Awareness on good sanitation management practices was suggested by one of the{sarticipa
Non-biodegradablebjectsare thrown into the toilets causing serious blockages. Therdiwme,

ca be minimisedhrough community awareness programbe National Development plan
(Vision 2030) includes the back to basics policy which engages themagoitg in all service
delivery activities such as sanitation provision and management. The FGD showed that
Msunduzi municipality should use the back to basics approach in sanitation awareness

campaigns.



Rural zones
In rural areas of Msunduzi local munialgy participants confirmed to use pit latrines (mostly
ventilated improved pit latrines). There are no other forms of toilets in use.

The community feels that the toilets are adequate for them since they provide them with at least
basic sanitation andhéy ae generally odour free. However, there are aspirations for flushing
toilets but the community understand thater crisisn rural areasand this wasaised during

an interview with Mr. Greatwood. One challengentioned by one of the participantss

filling up of toilets, unavailability of emptying servicemndsafe methodsollecting, treating

and reusing faecal sludggolid waste disposal is another challenge mentionselparticipant

feels that nappies may be disposed in the pit latend,his should be emptied. This clearly
shows tlat more education on best maintenance practices of VIP t@lateded

The Msunduzi municipality installed VIP toilets some years ago and the user is responsible for
maintaining and emptying the toilets. Acdiorg to one of the participants, people were
educated on how to use them but some families dispose nappies and other solid waste materials
in pit latrines. Currently a number of toilets are full and the filling rate differs with family.

The participantsid nat provide a clear understanding of how the sanitation impacts human and
environmental health. The concern was associated with the use of biockemitigh

contaminates the groundwater.

Material flow analysis

Material flow analysis (MFA) quantifiehite qf | uxes of resources use
flow through a regionR (Montangero, 2007). T
model and will allow for the quantification and mapping of the timest critical nutrients for
agriculturalproduction: nitrogen (N), phosphorus (P), potassium (K). It will focus within the
city-region boundary of each RUNRES site identified during the KOMs. This model will be

built to accommodate the existing waste strdandscape of every RUNRES ecitygion &

well as the full suite of innovations under consideration. Constructing the MFA models in this

way will allow for two outputs: 1.) the ability to compare the waste stream landscapes across

the study sites; 2.) thability to simulate alternative sanitati scenarios, which will allow for

predictions of specifi.c i nnovationds agricul



6 SocicEconomic Context

6.1 Introduction

Socioeconomic aspects play a major role when it comes to transitions towards a more
sustainable society. These aspects playagor role, since the use of new technologies or the
application of new practices are embedded in the social setting where these new practices and
settings are applied. Aiming to provide a preliminary screeningeofdcieeconomic context

in the RUNRES ountries, we look at the existing context of the sa@onomic system through

the lenses of five different concepts: i. social capital, ii. cultural theory, iii. acceptance, iv.
taboos, and v. different perspecBven sustainable development. While statahe, in this

study we do not claim to have a comprehensive perspective on the RUNRES countries through
these concepts, but rather to be complementary to the others context studies that are related to
society andeconomy: the food valuehain (FVC), thepolicy context (PC) and the social
network analysis (SNA).

The concepts used in this study provide a generic approach to evaluate thecymahic
context of the different RUNRES areas of concern. The geappooach described in this
document hasden adapted to the local context in the different RUNRES areas. This report
entails four main sections: (1) a section describing the theory rationales behind the evaluation
of the socieeconomic contex{2) a methd-section with a qualitative interview mle that has

been used and applied in the different RUNRES regions (in gr{¢®)results sectignvhere

we show the main results according to the five concepts used in this $4idy short

discussiorsectionon the meaning of these results for tHéNRRES project.

6.2 Theory Rationales behind the social context evaluation

Sociceconomic context refers to a broad array of different perspectives that one may take on
the embedment of an individual actor am environment. In this guideline document, we
opemtionalize some of the concepts found in the scientific literature to get a comprehensive
picture of the sockeconomic environment of the regions addressed by the RUNRES Project.

Social Capital

Many perspetives are available to frame the social contéxtctors, and most of them are used

to potentially predict different variables, ranging from the effectessof environmental
protection to more abstract notions like wddeing. The more straightforwaapproach has

been put forward by Robert Putnhanitiwsocial capital, who goes deeper in gathering
demographic data beyond those gathered through regular censuses. While there are several
approaches to social capital (Woodcock & Narayan, 2000), Putnam aat@smunitarian

focus on the social embedment aftors, for instance membership in communities and



associationr trust in different institutions (Helliwell & Putnam, 2004). An evaluation of these
additionalindicatorscan then predict social capitad the way a person is embedded in their
social ewmironment. This approach is most appropriate for quantitative surveys, miaking

possible to reach a broad number of respondents.

Cultural Theory

Another perspective on social embedment has peaposed by Thompson et al. (1990) as
Cultural Theory, whiclnas beenisedn the past to predict environmental outcomes. Thompson
postulates that solutigriio sustainability issues have to crass four different perspectives

that might have to be viablen the long term: Fatalism, Hierarchy, Individualism, and
Egalitarianism Figure 6.1). According to Cultural Theory, actors can see issues differently
according to their perception of their embedment in a social struttuaeldition, actors can

also see the issues diffatl according to their commitment in groups, the group, describing
the degree in which their commitment to the group determinesabions. Thee concepts

can beoperationalizable in quantitative surveys (Kahan, 2012), as well as through qualitative

suveys.

Figure 6.1: Schematized view of the two dimensions of culthedry: grid and group and the general attributes
of actors (picture from Stoltz, 2014).


































































































































































































































































