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Executive summary

CoSAlI Innovation Pathways Study: Keoyatry study

This is one of three country studies on Innovation Pathways inféapli Systems, managed by the
Commission for Sustainable Agriculture Intensification (CdSKig three studies usa common
analytical framework to generate lessons on astleading to successful innovation pathways, to
guide future investment.

Sustainable food systein Kenya: Challenges and opportunities for innovation

This report focuses on Kenya. The studies sought to identify pathways for innovation in the agriculture
sectorin the country, with a view to providingractical, evidencéased lessons for managers and
Ay@Saita2NB Ay Ayy2 @l GA 2nflddesWat ynly2s@dnde gl yiedhnology but,K A & C
AYLRNIFYy(Gftez Ayy20FGA2ya Ay LREtAOASasS FTAYylFyOS |
F ANRA Odzf G dzNB F2NJ adzadl AyFofS | INKROdzZ GdzZNB Ay iSyar
structuNBa yR FdzyOliA2yaé 2N al FdzyRIYSyGlrt aKAFG A
agricultural systems significantly in the direction of SAI goals.

Kenya is an agricultural country where the sector has a broad spectrum of land holding sizéigsactivi
FOG2NA YR @I NA2dza @I fdz2S OKFAyad !4 GKS &lryvyS {7
innovative in sukSaharan Africa, driven in part by education, entrepreneurial environno@enness

to international trade and ideas, the need to growora food for a rapidly growing population,

declining areas ofjood land for cultivationweatherrelated limitations and highly competitive

markets. The range of innovations is broad, ranging from farming technologies to approaches, to
financial models andnformation technology platforms. A number of these innovatioase

documented, mostly by projects funded by international donors, but these often profile individual

farmers and small groups, rather than the wider innovation processes and lessons.

Three nnovations that culminate irBAlin Kenya were selected from a shortlist of sevéihe
methodologyinvolved desk reviews of published papers, reports, records and other materials, and
interviews (virtual andaceto-face) of key informants, includirgpvemment entities, private sector,
development partners non-governmental organizatian (NGO$% traders and farmers. Field
BSNAFAOIGARZ2Y @GAaArda 6SNB YIRS G2 Y kdudssTheal OKI | ;
selected innovationgvere as follows

1. Water harvesting and storage in farm ponds enhancing agricidtintensification in eastern
Kenya This isa technological innovatiomvolving the construction offater-harvesting farm ponds

for crop irrigation, improving agricultural intensification, food security and climate change resilience
by smalscale farmers. Although some farm ponds previoustisted in isolated farms, this
innovation startedaround2009 with an initiation phase in Yatta SGounty of Machakos County,
where dugout farm ponds were actively promoted (20§2014). The ouscaling phase started
from around 2013 to the present (2021 the three counties Kitui, Machakos and Makueni in

1 All of the studies are available on the CoSAIl webkite://wle.cgiar.org/cosai/pathwaysgor-innovation).

Vil
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eastern Kenya. It is estimated that at least 10,000 farm povete excavated and actively used for
irrigation in the three counties.

2. Solarpowered irrigation enhancing agricultural intensification jeri-urban Kajiado.This focuses

on adoption ofsolarpowered irrigation in perurban areas of Kajiado County, which border the city
of Nairobi, from 2005 to 2021. This is mosttgehnologicalnnovationdriven by business pull through
peri-urban agriculture to meet the demarfor fresh produce in the nearby Nairobi city, along with
innovative financing model® suit farmer needs. Since Kajiado has almost no rivers, this innovation
is driven ly the need to pump groundwater, the availability of affordabtdarpowered irrigation
systems kits, and free (solar) ener@plarpowered irrigation equipment isometimes marketed as
complete kit (solar panels, pumpndirrigation gear). This has enlal irrigated agriculture to thrive
using clean energgnd thusresulted inagricultural intensification.

3. Blended finance supporting agricultural intensification and watershed management in Upper
Tana CatchmentsThis innovation presents a casevedtershed management activities implemented

by land users in upstream catchmentslod Upper Tana River Basin from 2012 to 2021. Starting with

a threeyear proof of concept phase (2042015) abusinesscasewas developed, followed by an
implementation phase @15¢2020). Thiswas a blended finance innovation with technological,
environmental and socieconomic componentdt addressedhe creation of a Water Fund through a
platform for publigprivate partnerships, providing support and a delivery mechanisnsfdiand
watershed conservation. The downstream water users (in Nairobi) provide incentives (blended
finance) for upstream communities (land userstonserve the sources of water.

From the foregoingthe following wererecommended:
1. Centeringend users in the innovation

Recommendation
1 Farmers should be engaged throughout the innovation process. It is emerging that
innovation thrives when farmers and local communities are included as investors or
stakeholders rather than as beneficiaries, for example, in the construction of water
harvestng structures. Support them contribute to the ideas shaping the innovation, a
encourage them to drive it practically.

2. Innovative financing is often as important as technology in driving innovation

Recommendation
1 Quite often, end users an@source poor smabcale farmers who may require some
financial push. Thus, the financing models that have asloating element (e.g., water
credits) have a greater chance of success. Interesting examples at different scales o
innovation include mobilkJK 2 yS FAY Il Yy OA Yy 3 -agspoid Ni24 O (INJ |
conservation measures financed by pugfidvate partnerships of the Upper TaiNairobi
Water Fund.

viii



3. Innovations take time to reach#t scale€

Recommendation
9 Innovations take time to btested, implemented and upscaleght least eight or more
years in the cases covered in this report. It is therefore imperative for all partners to |
patience and to plan long term, including in the financing of the initiative.

4. Leadership

Recommendatio
T Innovations usually benefit from strong leadership. The identification and support of
champions (both individual and institutional) facilitate a coordinated pathway for grov
the innovation. As for example, the strong leadership by a respected eswityas
provided by The Nature Conservancy in Upper Tana, was instrumental in putting tog
the partners needed to build up the Water Fund.

5. Role of government

Recommendation
1 Conducive government policies, their implementation and support through retevan
institutions facilitate smooth operations and easier upscaling of innovations. One exe
is favorable import tariff policies for sokpowered equipment. Government policy is
informed by innovation based on lessons learned. Innovations can lead ty peform.

6. Bundling

Recommendation
1 The bundling of innovations when introduced from the beginning gives the initiative ¢
integrated approach for both problem solving and success, enabling targeting of
incentives, upscaling, policy push amat-scaling of lessons learned. For example, the
success of solar pumps required a bundle of innovations in finance, institutions, polic
technology.

7. Partnerships

Recommendations

9 Partnerships facilitate a multiplier effect helping to reduce transactiosts, share
responsibilities and provide support according to strengths and needs of stakeholdet

i Integrated approaches are necessary and require partnerships in order to meet the r
of various actors at the financing and policy side as well asetbbland users at the
implementation end.

1 Partnerships (of government, NGOs, development partners, researchers, farmers ar
private sector) enable pulling together resources, synergies and project implementat






1. Introduction

The Commission on Sustainable Agriculture Intensificati@oSAIl) promotes more and better
investment in innovation fosustainableagriculture intensification(SAI) in the Global Southnd

works to support the United Nations Sustainable Development Goals (SDGs) and the climate goals of

the Paris AgreementFor/ 2 { ! LY WAYYy2@F A2y Q AyOfdzRSa yz2i 2\
AYLRNIFyYy(Gftezs Ayy20FGA2y Ay LRfAOASaAT FTAYyLyOS |

F ANROdzf GdzNBE F2NJ {!'L YSItya aYIF22N) OKlFy3Sa 2 FI |
Fdzy RFYSy (It AKATH Ay GKS ¢gFLe& F22R Aa 3IANRSY | yR 3
the direction of SAl goalsThe/ 2 { ! LQa YIFIAyYy GFNBSGO I dzZRASyOSa I N
RS@PSt2LYSyid SyaGdAiASa |yR @aK{Yy LNYGRDE It A5EYA2 NS PH
Agriculture and international funders) who invest directly in agricultural innovation and research.
¢tKdzax GKS GSN¥Y WAyY?2 gl SAvdatedinstkugfonal] gokicy an® gngntid E G A y
innovations as well as scientific and technological innovations. SAIl refers to the transformative
changes required in agricultural systems to meet the United Nations SDGs and the climate goals of the

Paris Agreement, including social and human objectigesall as environmental sustainability.

In lieu of this, it is important to identify pathways, approaches and partnerships that can address the
complexity of innovation challenges within agricultural systems. However, many past innovations
have taken a les planned and structured pathway to success, engaging with imperfect enabling
environments, with needed policy and institutional changes brokered along the way. Learning from
pathways of previous transformative innovations is important for future workhis @area. The
purpose was to produce practical, evideneeased lessons on factors that influence success in
pathways for innovation for SAL.

This particular report refers to the country case stfiolyKenya. It is one of three country case studies
(BrazilIndia and Kenya) that used a common framework of analysis to draw out common lessons as
well as contextspecific findings. The study sought lessons in innovation for SAl, based on concrete
examples, providing evidence for innovation practitionersluding research and development
organizations and direct investors in innovation in SAl. The colmtg) evidence helps complement

a global review of evidence being commissioned in this area by CoSAl on approaches and instruments
to support innovation in SAIlt contributes to the evidence base for global advocacy by CoSAIl and
partners to increase funding for global innovation for sustainable agriculture and innovation to rapidly
scale up SAl.


https://wle.cgiar.org/cosai/

2. Country background

2.1Kenya: Baselinaformation

Administrative unitsKenya is divided into 4Guntiesin a devolved system gbvernment enshrined

in the Constitution oKenya(GoK 2010aKeny&devolution model has sedhe national government
transfer certain powers, functions and responsibitiso the 47 coanties. Some of the functions
devolved to counties that are relevant to SAl include agriculture, environment and natural resources
(including forestry)lands, housing, urban development, headthd social services. Thus, devolution
requiresthat agricultural development must be factored in County Integrated Development Plans
(CIDPs), which should be in line with the Kenya Vision 2030 and nagmrexhment plans and
strategies.

Population: According to the Kenya Population and Hous@gnsus(KNBS 2019)Kenya had a

population of 47.64 millionn 2019 with annualgrowth rate averaging 2.2%he household size

averags3.9 individuals, living in 12.1 million households. The country lyasitful populationwith

35.7 million (75.1%) below 35 years of agemajority of the Kenyan population (68.9%) live in rural

areas, but ruraurban migration has been increasing. Medrile, poverty is a major problem albeit

incidences of povertilave beerdropping, from 52.2% in 1997 88.7%in 2020 However, the country

ranks 143 out of 189 countries and territories tie UNDP Human Development IndgxNDP 2020)

Over 10 million peple in Kenya suffer from chronic food insecurity and poor nutrition, while nearly

ok: 2F YSyel Qa OKAf RNBY (Qow®11pt F aaAFASR Fa dzy RSNJ

EconomyThe economy of Kenya is largely dependent on agriculture and tourisnperf loapitagross

domestic produc{GDP) of Kenya in 2019 WdES204,783 (equivalent td&JSD2,048)(KNBS 2020)

Indeed Kenya has transformed from a Low Income Country to a Lower Middle Income Country, as
declared by thaVorld Bankn 2015whenii KS O 2 dzy i NBE Q& LIS NJUSDL00D thdrk. D5t S E
The country had a GDP growth rate averaging 5.4% in 2019, but dropgdetPs in 2020, duto the

COVIBL9 pandemic It was expected taecoverafter the COVIEL9 restrictionsarelifted in 2021

AgricultureAgricultureisi KS YIF Ay aidlr e 2F YSyeéelQa SO2y2yvyeées O2yidl
(KNBS 202@nd thus provides critical supportive linkages to other sectors. The sector employs about

PpT O 2F YSyeél e 70Wdithiziruraipopayion, the rRajority being smalscale
farmers(KIAFPRA 202Q) Crop production accoustor 27.8% of total GP (82% of agricultural GDP)

according tc2019data (KIFPRA 2020)The livestock sector accowfor 12% of agricultural GDP with

the rest taken up by fisheries and forestry subsectdigere are over 8 million farmers in Kenya (4.5

million farming househlals) of which the majority aremallholdes who produce 65% of the marketed

produce in the countryGoK 2019)

Climate change threatsThere is growing evidencef climate changein Kenya. The minimum
temperature has risen generally by @Z0°C and themaximum by 0.21.3°C, depending on the

season and the regiofGoK 2010a)Temperatures are increasing and the six warmest years have all
200dzZNNBR aAyOS mopytd !'faz2sys GKS FNBIljdsSyoOe 27F WK2i
while cold nights have declined by 42 days per year. Projections indicate increasgsSCby the

2050s(GoK 2010b)About 6.5 million people (13%) per year are exposed to droughts in Kaeya


https://en.wikipedia.org/wiki/World_Bank

this number is expected to increase to 34% (more than 25 mipieople) by 2050 in tandem with
population growth. Drought particularly affects agricultuwéhich is mostly rainfed in Kenya.

2.2 Existence dAgricultural Innovations Kenya

YSyel Qa F aANAOdz (dzNI £ &S O 248ahdran AfrmYd®ivérdin parky ther 2 a2 G A
need to grow more food for a rapidly growing populatideclining area ofjood land for cultivation,
weatherrelated limitations, especially recurrent droughts, and highly competitive markets. In a study
of agricultural innovatios in Kenya(Makini et al. 2016)some 43 innovations were identified and
categorized into eight domains cropping, livestock, governance, marketing, finance, processing,
natural resource management and value additoof which 62% were crepelated innovations. The
majority (61%) of the innovations were technical, 23% were organizational and 16% were institutional.
Other projects have also identified innovations focused on land and water management in Kenya
(Critchleyet al. 1999) Indeed manyagricultural innovations in Kenya remain undocumented, while
others are still emerging, which offer lessons on factors that influence success in pathways for
innovation for SAL.



3. Approach and methodology

This is one of threeountry case studies covering Brazil, India and Kenya, which utilized a common
analytical framework to identify SAI innovations (Annex 1). In Kenya this involved a systematic and
consultative processummarized as follows:

1) Conducting Literature Review review of literature was conducted to capture data, information

2)

and material content for the case studiemformation was gatheredrom reports, records,
publications and other sources bearing on SAl in Kenya. Also reviewed were global, regional,
nationaland local data sources from the internet, libraries and key contacts.

Preliminary Identification of Candidate SAI Innovatiéinem the literature review, the first round
of seven candidate SAIl innovations in Kenya (Ai)évere selected. The selection criterigere
common across the three country studies

a) Innovations that have been achieved recently, at least from 2000 to date

b) Innovations that have impacted relatively largembers of people, preferably targeted at
groups or regions (excludes individual farmer innovations)

c) Preferably homegrown innovations

d) Transformative innovations

eWSLINBaSyldAy3a | @FNASGe 2F WAYAGAFG2NARQY So3c
publiagprivate partnerships

f) Representing a variety of innovations in policy, social institutions and finance as well as
science and technology (or ideatlgmbined)

g) Innovations that might affect different types of farmers

3) SAI Innovationtentified in KenyaBased on information ghered from literature, data analysis

and consultations, the top three SAIl innovations in Kedgatified were:

() Water harvesting and storage in farm ponds for irrigation in eastern Kenya

(i) Solarpowered irrigation in perurban Kajiado

(i) Blended financeupporting agricultural intensification and watershed management in Upper
Tana Catchments.

4) Conducting Key Informant Interviewssing the contacts from the stakeholder mapping, respondents

likely to provide further information and details on the selectéd novations were contacted &sy
informants Thesewere interviewed through IC{Information and communication technologsnodes
such as email communications, telephone interviews, WhatsApp, Zoom meetingsfaseto-face
meetingswith observance of all COVI® safety protocols.

5) Verifying thePresencef the SAInnovationsat the GrassrootsField visits were made to five counties

where the three SAIl innovations had been identifigdtui, MachakosMakueni, Kajiado and

adzN> y3aQl & 5dzNRy 3 GKSas GA&aAGAZT nohdovesuyldntal |y R
organizatiors (NGO3, communitybased organizations (CBQgyivate sector service providers,
farmers and other stakeholders were interviewed and the innovations visited and verified (Bnnex



6) Limitations to theAnalysis The scarcity of records and central databases meant that supyprti
data were not easy to findvith the exception of théblended financecase study. The information
available from thelnternet was descriptive, while due to C@vY19 pandemic, facto-face
interviews were at a minimum and data gathering relied on teleghand email. Even then, field
visits were made twerify realities on the ground and interviews conducted wktty informants



4.Case studies

4.1 WaterHarvestingand Storagen Farm Pond$or Irrigationin EasterrKenya

4.1.1Background

Drought and prolonged dry spells have for years ravaged and continue to affect agriculture in the
semiarid counties of KituiMachakos and Makueni in eastern Kerflgecha et al. 2016}arming in

the three counties is predominantly smallholder, rainfedgproduction. The seasonal rainfall, when

it falls, is highly variable, erratic and occurs in intense storms resulting in poor infiltration, excessive
runoff and consequently massive soil erosiDne to the erosion menace, between the 1970s and the
1990s many dono#driven projects andjovernmentinitiatives on soil conservation through terracing
were implemented(Tiffen et al. 1994) However, soil conservation, much as it improved crop
production marginally, could not bridge the yield gap caused by recurrent droughts, which have got
worse over the years, to the point where farmers stopped planting maize during the londViitis
2012) All these problemscould be solved by making water available for farming, in all areas, even
those lacking rivers or groundwater. It is this challenge which was turned into opportunity through
water harvesting.

Water-harvestingfarm ponds(water pans or offarm small storages$)are water storage structures
constructed below the ground surface to colleetnfall runoff from open surfaces such as home
compounds, roads, grasslands anter areagWFP 2018)A farm pond has an inlet to regulate inflow
and an outlé to discharge excess water. It is usualyrounded by a small bund, which prevents
erosion on the banks. A farm pond may be earthen (whkessoil profile is sefsealing) oyin many
cases, lined with darmlastic, concrete or other material to prevewater losses by seepage (Figure
1).

The field investigationshowedi K i LI2y R &A1 Sa @I NBE RSLISYRAYy3I 2y
land availability, soil type, excavation costs and catchment characteristics. In Kenya, farm ponds are
usually excavatethy hand using simple hoe and shovel, but in a few cases, larger farm ponds are
excavated by machinery. Water stored in the farm pond is extracted using buckets or pumps, the type
RSLISY RA Y 3 figayiciafcaphdiy8.d\,@anual, petrol oisolarpowered pumps). The water is

usually used for irrigating part of the farm to grow high value/short season @opsh some cases,

for livestock watering. Due to high turbidity and other health concerns, most families do not drink

water contained in farmponds. Rather, they seek drinking water elsewherg.,from boreholes

water kiosks or roof harvesting storage tanks. Thus, farm ponds are used mostly for crop
intensification and to droughproof agriculture in the dry zones.

2¢ KS (f&rmIgcad) Y RatewpanQare sometimes usednterchangeablyin Kenyain reference to the
structures dugn the ground for harnessing and storing rainfall runoff (whether earthen or lirdolvever,
water pans tend to be larger and may not eesarily be located within a farm.
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Figure 1. Watetharvesing farm ponds: (left) unlined earthen farm pond in Yatta, Machakos, and
(right) plasticlined farm pond in Mutomo, Kitui.

Photos Bancy Mati

4.1.2 Description of th€ase

Although farmers in eastern Kenya are used to drowgit crop failures, the turning point came on

the heels of theseveredrought of 2005/2006 up to 2009. This period was marked by belesvage
rainfall for three consecutive years causing cfaifures(van Steenbergen 2019 that time, thefew
exising food stocks were depleted, livestock were sold in distress or just died and local people
generallylost their assets and were impoverished. Seeing all this, Dr. Titus Masiletired teacher,
encouraged local farmers &xcavatewater-harvestingfarm ponds for use to grow foodVith some
assistance from an NGO, the Christian Impact Mission (CIM), farmers were trained on water harvesting
and construction of farm ponds whichere about around 45 meters deep(World Agroforestry
2020. This initiative encouraged many families to excavate their own pandsvithin a short time,

over 3,000 watetharvesting ponds had been constructedtiie Yatta area alon¢van Steenbergen
2019) This number continued to grow and by 2021 almost every household in Yatta owned at least
one or more farm ponds. It should be noted that this success was meandlgled by the fact that the

soils in Yatta are sedealing. Hence the farm ponds are simgtpoped (no need for lining) as they
hold water adequately (Figure 1) without seepage issues. The technology is thus easy to replicate.

The water stored in the ponds was lifted to farmlands mostly using buckets or petrol pumps and used
to irrigate food crops. The types of crops grown also changed, becoming more diverse, including
marketable producesuch as vegetabled=armers could now grow kale, cabbage, tomato, onion,
peppers and indigenous vegetables. It should be noted that farmers in Yatiteataion average 5
acres (2 hajor field crops, mostly maize, pigeon pea, cow pea and green gram. The water from the
farm pond is inadequate to irrigate such large areas. Rather, it is used to irhiggtesalue crops,
especially vegetables and seedBnfgr sale. These types of crops do not cover the entire farm, but
take up about a ¥ to ¥z acre (@012 ha)andrainfed crop production continues throughout the rest

of the farm. Sometimes, when the rains fail, farméog upQainfed crops with the watefrom ponds,
averting crop failure byisng harvested water, hence agricultural intensificatiorhe knowledge,
attitude and behavior change components that were undertaken by the CIM included training on
water harvesting techniques, utilization, agronoragd learning to grow crops with supplemental
irrigation.



4.1.3 OutScalingo Other Countiegn Eastern Kenya

The water harvesting initiative evolved through two phaseih the starter phase (2062014) in
Yatta SubCounty of Machakos County, where diggiof farm ponds was actively promoted with
assistance of CIMIhe success of the Yattater-harvesting farm ponds attracted many visitors to
the area.A number of projects andrograns were implemented to upscale water harvesting across
Kenya based on thYatta model. This triggered the second phase which was theaaling to other
parts of Kenya, which occurreairing2014¢2021 .Bythis time, visitors were trooping to Yatta to learn
from their experiences and see the farm ponds and agricultural @esvilndeed the training center
located at Yatta and operated by CIM started charging fees for training or taking groups around, at a
cost ofKESL0,000 USD100) per day, when they realized that farmers were spending too much time
hosting visitors. The gups visiting Yatta were mostly leaders, farmers, NGOs and indivigwals
number of serious adoptersesulted fromthis learning exerciseBeyond Yatte&SubCounty water
harvesting was promoted by NGOs atalinty governments.By 2021, it was estimated (information
from key informants) thaabout 10,000 farm ponds had been constructed in the three counties of
Kitui, Machakos and Makueni (Figure 2).

Activity Year Progress in farm ponds constructed

Out-scaling across 3 counties 2021 _
Project inputs through NGOs 2019 _

Counties adopting technology 2016 —

Farm ponds adopted in Yatta 2013 _

Starter phase in Yatta 2009 '

Figure 2 Progress of the adoption of farm ponds in Kitui, Machakos and Makiuen

The adoption ofvater-harvestingprograns traceable to the Yatta interactions was more visible in the
three neighboring counties of Kitui, Machakos and Makueni. The three counties have slightly different
approaches in how they facilitateatioption of farm ponds, summarized here as follows (information
gathered from interviews with staff and stakeholders during verification visits).

a) Machakos County (beyond Yatt#lthough the over 4,000 farm ponds in Yatta are also within
Machakos Countyother areas in the county are not as advanced. The othercsubties have
adopted various versions of the farm ponds, based on local conditions. Since most areas suffer
seepage water losses, the farm parquire lining, usuallwith plastic damliners During2014¢

2019, a project known as DBev (Dryland Development) was implemented in Machakos as a
component of a larger Sahelian project. It was led by IGRGAd Agroforestrywith partners who
included World Vision Australia, Adventist Developmeamd &elief Agency (ADRA), Caritas and SNV
(ICRAF 20230The Dridev report (Drydev 2019 indicates that the consortium excavated 80 farm
ponds (average capacity 250°mAnother initiative by the National Irrigation Authority (NIA) was



supporting theconstruction of watetharvesting farnmponds throughmechanized excavation for free.

¢KS FINYSNRa O2y(iNROdziAzy A& AYy LH2NOKFasS 2F RIY
works. At the time of the field surveys, some 1,000 farm ponds lesah lexcavated by NIA alone.

Indeed the number of household farm ponds in Machakos is largely unknown albeit staff interviewed
estimated 7,500 farm ponds in Machakos alone, including those in Yatta in 2021.

b) Kitui CountyThis §the most aridof the three countieswvhere farm ponds were actively promoted

As a result, the county government funded the construction of larger ponds for community and
livestock drinking water supplies. However, household water harvesting with storage in farm ponds
was also promated bythe county governmenand various NGOs, incling) Caritas Action Aid, World
Vision Kenya, the Kenya Red Cross Society and international development paripetise World

Food Programme (WFPand the Food and Agricultural Organization of the United Nations (FAO)
(ICRAF 2020)Othes include CBOs and farmer common interest grolfm: instance,Caritas
excavated at least 120 farm ponds in Kitui over the last three years, while a Kwamikuyu CBO dug 10
farm ponds in the Kwavonza Ward alone (field staff interviews). The total number of farm ponds in
Kitui could not be ascertaingldecausefarmersquite often excavate pondsn their own initiative.

One major challenge in Kitui is severe drought which ravaged the county for two consecutive seasons
(2020/2027) to the extent that some farm ponds were dry. Generally, the larger farm ponds still had
water even after the prolonged droughthis implies that it is necessary to construct large pands

the drier areagfarms are also larger thisarea).

c) Makueni County outscaling modelin MakueniCounty, the combined efforts ahe national

government, county governmérNGOs andfarmefs 2 6y AYAGAF A @Sa FIF OAt Al
evidence of adoption of farm ponds. The county government was at the forefront of coordinating the
activities. Water-harvesting farm ponds have always existed in Makueni, mostly dug by individual
farmers as well as through support by NGOs and ddanded projects €.9., WFP, FACEuropean

Union United States Agency for International Developmedaritasand Action Aid), albeit data for
guantificationare hard to come byThecontemporary impetus for water harvesting started when the

Makueni County Government officials and farmers made a series of trips to Yatta in 2016 to learn from

their experiencesFollowing this the county government took serigsly the concepts of water

h NBSadAy3 ¢ A Kuwikadik KBiuu Moveraehty s & A OK  a A Y LI Watedi NI yaf |
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of mechanized farm pond excavation (free), thus lessening the initial¢détS FI NYSNEQ O2y i
included completion of the ponddmoving debris, smooting, lining the pondandproviding auxiliary
infrastructure including pumping equipmentBy September 2021, NIA had excavated some 500
additional farm ponds of capacity 50D000 Ay (G KS O2dzyiGéd t I N»XffSf G2 bl
the county goverment implemented a cossharing arrangement for excavation of ponds in
KathonzweniMakindu and Kibwezi.

4.1.4 Drivers of the Innovation

Typeof innovation This is a technobical innovation &athe farm level, bearing components of a
financing model.Water-harvesting farm ponds require some engineering/technical expertise for
design and construction, as the technology is not truly indigenous. Farm ponds were introduced to
modg farmers inthe recent past, as a new and innovative way of harnessing rainfall runoff in relatively
large quantities, capable of supporting irrigation. In addition, the Makeasestudy illustrates an
innovative financing model that enables castaring of the more exgnsive aspects of developing a



farm pond,i.e., cost of rapid excavation and purchase of dam liners. Moreover, farmers sometimes
work together in groupsupporting each other in digging farm pondsg.,in Kitui.

Anintegratedapproach An integrated appsach was adopted by the starter Yatta project and later

by the adopters especially in Machakos and Makueni Counties in promoting water harvesting. In both
cases, farmers (including both adopters and +aolopters) were trained on pond construction,
operations and management, crop selection and agronomy, soil fertility management, water
conservation, marketing of produce and linkages to microfinance and farming as a business. The
integrated approach is best illustrated through a water harvesting project im@fted in Mwala,
Machakos County, through the Drydaitiative (Drydev 2019p ¢ KS& 2 0 HifcNddssalingd K I G Y
farm ponds, the farmers have diversified their production, now including vegetables, fruits trees,
poultry and bee keeping, allowing them produce throughout the year and thus maximizing their
Ay O2 Ynisdecilitated opportunities for increased production of major staples, vegetables and
fruits, thus contributing to improved household nutrition.

Adoptable by all farming scale$he adoptes and users of farm ponds range from the poor or
uneducated who mostly dig smaller farm ponds using family labor, to farmers with alternative sources
of income e.g.,having wage employment elsewhere, who invest in larger farm ponds with substantial
capital outlay (based on interviews and field observations). Regardless of wealth status, all farmers
required technical advice and services such as proper siting, construction and lining e{\wbace
necessary) or pump selectigimereby encouraging crodsarning within the community.

Subsidies and incentivesach of the three counties provided some form of incentive or subsidies to
cushion farmers against the high costs of construction and equipping of farm ponds. In Kitui, NGOs
provided subsidized dam liners while farmers provided labor for the excavation. In Machakos and
Makueni (where ponds are larger), they sought the help of Wich excavated the ponds for free

but the farmer dd the finishing, including dam lining. Also in Makuye&hie county government
implemented afinancing model of the costharing excavation of farm ponds as described in Box 1
(quoting the Makueni County Director of Agriculture).

Box 1:Costsharing for construction ofvater-harvesting farm ponds in Makueni

This initiative is led by theounty government which had purchased some machinery (Ham
excavators) specifically fone water harvestingprogram leased out to farmers at a subsidize;
fee. Farmers prefer mechanized excavation as it is fastemamm@ cost effective than manual
digging. The farmer hires the excavator for one day, payingdki®8/hour (U® 40/hour). On
averagethe excavator takesd@ hours on good soil or about 8 hours on hard and stony soils
excavate a 500 Atapacity farm pod, meaning just one day is needed for excavation. Depend
on site conditions, some farm ponds are earthen, while others are lined withgdastic. Thus,
the average cost of a farm porstiarts from about KES0,000 (UB 300) for unlined ponds. For
farmers who require lining their ponds, dam liners are expensive as the average cost i«K&31
90,000 USDA00) for a 500 rhpond, resulting in a total cost of abo#tESL20,000 (aboutJSD
1,200) for these large lined ponds. This is a substantive capitalyptmknce the need to support
the poor through various credit or graptogramns. Indeed poorer farmers excavate smaller pont
using manual labor. The NGOs and other funding streams normally subsidize the cost o
liners.
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Partnershipsin the earlier stages, during the promotion of water harvesting in Yatta (Z19),
partnerships were formed under the leadership of CIM (Dr. Masika) teskick the process. These
included farmer groups and extension workers. In thet-scaling years (20%£2021) another
partnership led by ICRA#th partners who included international NGOs (ADRA, World Vision, SNV
Netherlands and Caritas) promoted water harvesting through the Drydev prinjediachakos and
Kitui. Thereafter, there wer various partnerships led by respective cougbvernments e.g.,in
Makueni, the county government partnersn promoting farm ponds for food securityvith
organizations such dke WFPR Action Aid|nternational Fund for Agricultural DevelopméifAD and

FAO.

Policy and institutional suppor#t the national level, water harvesting is well espoused in-tengn

plans such as Kenya Vision 2030 as well as the Irrigatibey(GoK 2017)In addition counties play

an important role in implementation of water harvestipgograns. Nearly all counties have included
promotion of water harvesting for irrigation in thdive-year CIDP®ased on the CiQEevelopment
funding ischanneledto counties, includig grantsfor projects by development partners. Thuke

policy and strategy support was a major factor in driving the scale that was reached. In the Agricultural
Sector Transformation and Growth Strategy 2€A®29 (GoK 2019)farm ponds feature as a daal
enabler to unlocking growth of investments in agriculture. Even the Wate(Republic of Kenya
2016)recognizes water harvesting and storage as necessanynfamoving agricultural productivity

and climate change resilience.

4.1.5 Major Challengésaced

One of the greatest challenges is the high cost of construction of farm ponds, especially those requiring
dam liners. Without support by relatives or subsidies by various projects, poor farmersdiffatitit

to afford excavation of farm ponds, gscially as it is mbor-demanding activity. Older farmers in Yatta
informed the researchers that it took them a number of years to excavate one pond by hand, as the
work had to be done during the dry season when other farm work isfonthis reason tere isthe

need to support the poor anfemale-headed households with subsidies to excavate ponds.

Another field observationvas that technical staff suggested that there is generally enough surface
runoff to fill a pond at household level, even after afstorms. The size of poad thus limited more
by cost/labor consideration than by availability of runoff.

There is usuallg need for trained technical staff to design, layout and supervise the construction of
farm ponds. The number of available techaits was reported to be low, calling for more capacity
building in this highly specialized field.

Some of the more common problems associated with farms ponds include high evaporation rates and
safety concerns, which can be resolved by fencing the poral amveing withspecial nets as well as
provision of pumps with water drawff points positioned away from the pond. Sometimes these best
practices are not adhered to.

The energy to lift water from the pond tbeirrigated field is another challenge. Mafarmers cannot

afford solar powered or motorized pumps. Delivery of water to fields is sometimes manual and thus
wasteful (of both energy and water). All these issues need to be addressed to make best economic
use of the farm pond for agricultural intefisation.
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4.1.6 Outcomes and Impacts

Estimates by field staff indicated that at least 10,000 farm ponds had been excavated by 2021, and
were being used for irrigation of food crops in the three countiggilitating agricultural
intensification and foodecurity for smalscale farmersThis positively impacted on at least 100,000
people in the food value charcreated, emanating from the presence of the farm ponds (as
reported bycounty staff).

The impacts of water harvesting and storage pondsniqarovingfood production and climate change
resilienceare substantive. Respondents interviewed stated that by using the stored water, farmers
were able to bridge the dry season when rains fail, hence produce more food crops such as maize,
pigeon pea, beas fruits and vegetables. Moreover, a wider range of crops including marketable
produce, especially fresh vegetables and fruits were being grown.

Fam pondsadvanced the commercialization of the rural econdhrpugh increased participation of
farmers in sgrengthened value chains of selected inputs and commodities, access to credit and
financial mechanismswhile enhancing information exchange, knowledge and advocacy. In one
example in of a youth group that adopted farm ponds in Mwala, Machakos Countys ibhserved

that a net positive return ommvestment could be achieved within 2% yeébsydev 2019 In regard

to income benefitsfor the sameyouth group it was observed that farm ponds coSESL58,00Q
319,000 (average d€E207,066 olUD 2,071)to install, including auxiliary irrigation infrastructure
Farmers reported increased annual farm incomekdS179,200 U 1,790). Average monthly
household expenditure on food has reducedkiySL,840 (JSD18) attributable to irrigated produce
using farm pondg¢Drydev 2019)

Farm ponds providepportunity forcreation of employment and increased livelihood optiand
household incomes through sales of their produce, with subsequent enhanced living standards. Water
harvesting supports nutrition as farmers are able to grow nutrient rich crops and kitchen gardens. The
water is also usetbr livestock thus enhancingtegrated agriculture. Furthermore, water harvesting
was also a social innovation, meaning it enabled the design and implementation of new solutions that
imply conceptual, process, product or organizational change, which ultimately improve the welfare
and wellbeing of individuals and communitieghttps://www.oecd.org/regional/leed/social
innovation.htn). In essence it changed how farmers respond to drought, enhancing incomes and
community resilience to climate change.

Another outcome was the opportunity féarmers in dry zones to hawaecess to water at farm level
throughout the year and to irrigate crops including on land without a river or ground water resources.
This gave this innovation opportunity for wide adaptability. Other factors inclu@@ddynamic
leadership by DiMasika through CIM that initiated widedoption within Yatta and attractegidopters

¢ both NGOs and county governmepiis) technology advances through availability of sosistant
plastic daminers (c) subsidized excavation and incentives made available to farmers to
accommodate the higltosts of construction an¢d) capacity building provided by NGOs, county
governments and various projecfBhiswas especially evident in the eastern Kenya counties of Kitui,
Machakos and Makueni, where farmers adoptashstruction of farm ponds, to soltbe problem of

food security in the face of recurrent droughts.
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4.2 SolarPowered Irrigatiomn PertUrbanKajiado

4.2.1 Background

Kajiado Countporders Nairobtity to the north and stretchesouthward to the border with Tanzania

at Loitokitok. The total population as per the 2019 national census was 1,117%8#0a large
proportion (46%) liing in periurban areascloseto Nairobi (KNBS 2019)However, the county is
mostly semiarid with low rainfall and a generally dry climat€qgunty Government of Kajiado 2018

In addition, most of Kajiado has few rivers and is too dry for rainfed agriculture. Luckily, thshzeri
areas of Kajiado lying on the Atkapiti plains have good soils and aggable groundwater resources,
estimated to have a potential yield of up to 246/day (WRA 202§ which can be exploited for
irrigation. In the past, groundwater resources remained largely underutilized due to the high cost of
water pumping using conventional energy sources, thereby discouraging investment in irrigation.
Water pumping for irrigationalied on conventional energy sources, such as petrol or diesel pumps
(Muturi et al. 2019)nd in a few cases, electric pumps powered fribia grid.

Evolution okolarpowered irrigation system&PISBefore the 1970s, use of solar power generation
was ngligible in KenyaAs a response to the oil crisis of the 1970s, use of renewable energy was
encouraged and solar energy for heating water and lighting honesespopularized. Toward the late
1970s, solar photovoltaic (P$)stems were installed in remoteess and solar pumps started to make
their way into the Kenyan markéChandel et al2015). The early types of PV pumping systems used
centrifugal pumps, usually driven mariable frequencyalternating current AQ motors. However,
these pumps had low hydraulic efficienciesthe range o25¢35% These early solar pumps were
fraught with problems, as they were inefficient, expensive and easily failed. The power obtained from
solar equipment was usually weak with short functiona, lind local people did not know how to
maintain batteries. These factors discouraged smallholder farmers from adogtitagpowered
pumps.In the 1980§1990s efforts on solar PV went to lighting of schools, health centers and for
pumping drinking watemostlyfunded by donors and NGOs.

Meanwhile, affordable energy to pump water from groundwater sources for irrigation in Kajiado was
the missing link to agricultural intensification. This disconnect was resolved from around 2000, when
the energy sector wagberalized irKenyaEED Advisory 2018 critical trigger of the innovation. The
number of solafenergy and irrigation companies marketing solar water pumps increased, including in
Kajiado perurban areas. Private sector marketers of solar productsietiines doubling up as agents

of various companies, promoted SPIS solutions to farmers through farm visits, shows and
advertisements in the media. This knowledge pesbouragedarmers in perurban Kajiaddo adopt

SPIS. More farmers were able to opgmland for irrigation or to convert from use of fossil fuels or
grid electricity intoSPIS

4.2.2 Description of th€ase

This innovatiorinvolvedenhancingagricultural intensification using green energy through adtmpt

of SPI$n peri-urban areas of Kajiadaordering the city of Nairobi. Kajiado County has high insolation
rates of about 46 kWh/m?with an average of & peak sunshine hours per day. Onlg1®%of this
energy can be converted intelectricity due to he conversion efficiency of solar PV modulegD
Advisory 2018)Since 20062007, the Ministry of Energlyasactively promogd solar energy fooff-

grid electrification It funded theSolarfor Schoolgprogram which itaims toextend tooff-grid public
institutions. In terms of solar power penetration, data from the 2019 Kenya Population and Housing
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Census Volume IV show that just 1%.6f households in KajiadGountyused solar as their main
source of energy for lightinKNBS 2019Even thenthe percentage of solar energy harnessed for
water pumping olirrigationwasnot quantified

Type ofinnovation: This is mostly a technological innovation driven by business pull through peri
urban agriculture, bundled with innovative financing mode¢sng mobile money platforms. SPIS is
definedasdan irrigation system where water pumping is powered by s8laf S NEA® 2018)The
SPIS adopted in Kajiafiéigure 3}ypically consist of the following main componentt) a PVarray
(solar panely (2) a controller unit[either direct current DQ or AC inverte; (3) an electric motor, (4)

a water pump and5) awater storage facility/tank (optional). The most common solar water pumping
systems for irrigation range froftow-head submersible pumps for shallow wells to heduyy
submersibles for borehole pumping. Boreholes that yield from 20 to ovenf0®ur hawe adequate
water for irrigation and may require large solar panels, which are available on the Kenyan market.

Interviews with key informants revealed thah the periurban areas of Kajiado, adoption of selar
powered irrigation by farmers has rapidly exypled in response to close proximity the market for
irrigated produce in nearby Nairobi city, and availability of equipment through various sales agents.
The privatesectorled solar PV industry provided affordable, durable, easy to operate solar water
pumps, sometimes marketed as a complete kit (solar panels, pamdprrigation equipmen) with
innovative financing models to suit individual farmer needs. Tauditated expansion of agriculture

and improved production of food, both for local and exporarkets. In the perurban areas, the
average farm sizes were small, rangirgn 0.5 ha to about 10 ha for the more commercial farming.
Themajority of SPIS farmers were smsdhle.

Figure 3(a) Solarpowered irrigationsystem and(b) a crop of spinach grown under irrigation in Kajiado
Photos:Bancy Mati.
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4.2.3 Drivers of the Innovation

a) Market penetration oSPISWithin KajiadoSP1&doptionstarted increasing from around the year
2000, mostly due to marketing and publicity by respective companies promoting the technology, and
a policy push for greeenergy(Republic of Kenya 20L2Sales datare difficult to come by but one
company, Sunculte, reported to have sold at least 2@8PIS kits in Kajiado alone (staff interviews).
Indeed the true number of SPIS kits operating in Kajiado remaindylargknown as naelevant
mappinghasbeen done. Most farmers buy their solar kits directly frtma private sector and there

is little information flow to thecounty databases. Generally, the salesboth smalt and largescale

solar powered pumping systenase reportedy growing steadily. The factors contributing to this are
illustrated in Figure 4.

Peri-urban
proximity to
markets

Access to supply
chains

Demand for fresh
produce in nearby
Nairobi City

Market push by private
sector selling solar water
pumps

Farmer response by
adopting SPIS for peri-
urban irrigated agriculture

Improved solar
technologies

Access to
affordable
finance

Figure 4 Schematidllustration of the drivers of success of solpowered irrigation in Kajiado

b) Solarpowered irrigation kits became affordabl&echnological adva®s in the design of solar
equipment saw prices go down generally, associated with the push for clean energy. For water
pumping, invention osolarpowered pumps that operate with DC further simplified the technology,
making it moreefficient andaffordable. In effect, entemporary SPIS kits offer an array of products
ranging from small portable kits to largeale installations for scherrevel irrigation or community

scale projects. For smallholder individual farimigating about 0.20.4 ha, arSPIS kit that includes a
submersible pump and solar panels costs abd®D350¢1,740 (KSSI 2007 Meanwhile, those for
heavyduty borehole pumping may cost aboutSD30,000. As these are initial costs and theskw

if any running costs, then the invaesent is worthwhile. Also, the cost of solar panels has reduced by
80%in the last 10 years. Furthermore, the cost recovery of solar pumping investments can be attained
within 1¢3 years(ALIN 202Q)This shows that solgower has come of age to plug theergy needs

for irrigation.

c) Access to markets for agricultural produce in Nairdbie proximity of the county tdairobicity
and indeed location within thenetropolitan area provides easy market targeting for fresh produce.
The irrigaed farms oKajiado provide fresh vegetables (kale, cabbage, toraattonion) for the local
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marketand French bean for the export marketlue to easy access to the international airp@viati
2019.

e) Innovative financing and credit schemes for SPh8re are a number of financial institutions
providing grants, loans and credit for agriculture in Kenya including at village level. There are also
private companies and NGOs offering innovative credit schemes targeting smallholder farmers

engaged in irrigted agriculture. These include asset financing, such as providkigdrsoft loans for

farmers to purchase SPIS equipment. The most common typologies of financing and credit models for

SPIS includeay-asyou-grow, payasyou-go, micrdinancecredit schemes, mobile layaways, reot
own models, the leasing modedggregator models and tableankingmodels(Mati 2019) Thus, a

number of these credit schemes faciligahe poor to access SPIS through affordable financing (see

Box 2).

Box 2 Innovative Financing withfay-asyou-grow(Iinancial models for SPIS

This is a financing credit model for SPIS, designed for-sozddl farmersin whichno collateral
is required. The farmer shows evidence of access to land, irrigation water and beirgyiact
farming, butwith aneed for water pumping. Credit is allowed for farming on as little as %2 &
(0.2 ha) plot of land. The solar kits on offer vary with farigrigiation requirements. Some of
the smaller ones comprise portabbolar panet with a pumping kit (submersible pumand
pipes). A solar pumping kit capable of a suction head of at least 15 m costs A88350.
Farmers can take the pump on loan and plagpugh an MPesd credit scheme which deducts
Yater creditf2in a credit scheme referred to &gay-asyou-gronwQ This enables the farmer to
pay for the cost of the solar pumping kit in small installments as he/she grows a crop. Onc
credit is fuly paid, the farmer fully owns the pump.

How it works

The solar panas fitted with an electronic sensor linked to a dedicated SRR=BHoan account
of the farmer and also to the bank. Whéme pump is operating, it triggers a connection to th
computes in the offices of the company that sold the SPIS system, which reflect remotely
the pump is in operation (the company keeps a rich database of who is irrigatiohgghen). At
the same time, operating the solar pump also triggers a link to the é@aount (in a bank) for
that particular pump/farmer. As the water is pumped, it use®bsacredit which in turn reflects
as a deduction of the loan account in the bapl this happens simultaneously. In essence, tt
loan reduces each time the pump iparated. When there is no money in the-Resaaccount,
the pump stops and can operate agaithi¢ M-Pesaaccount is topped up. Some farmers pay
monthly rate while others pay on an as neelbasis,i.e., they top up the MPesaaccount as
necessary. Thiontinues until the loan is fully paid, at which time the solar pump operates fre
without the need for topping up with MPesacredit, and the pump becomes wholly owned b
the farmer. Many farmers pay the loan by the second crop season of vegetabl@biorawear
as reported by key informants

3 M-Pesa is a mobile money system developed in Kenya which is the most popular money transfer platform

accessed by nearly &enyanghttps://www.safaricom.co.ke/personal/apesa/mpesahome)
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e) Complet&SPIS kitsSeveralSPIS service providers and companies provide the layout and design of
the whole system, including planning of agronomic aspects, and act as holistic service providers.
Examples include Sunculture, Kickstart International, Futurepump, Epicenter Africariand Ih
Kenya, there is a general trend toward suppliers planning and designing the 8/tigincluding

pump and irrigation equipment), installing it and offering service contracts for its oper#tiosmibeing
competitive. In that case the company ats asa service provider but links the farmer tdimancierfor

the purchase of thesystem.

f) Enablingoolicy: The Government of Kenya in 202€rorated the import duty and removed Value
Added Tax on renewable energy equipment and access@egsublic of Kenya 20L2Moreover, the
Finance Act 2021 (Republic of Kenya 202liphdd tax exceptions on specialized equipment for the
development and generation of solar and wind energy, incluégodules,DCcharge controllers,
DCinverters and deep cycle batteries that use or store solar power. This helped to retain lower costs
of solar panels andttachments However, these tax exemptions do not cover peripheral equipment,
such as mountings, pumps, pipes or irrigation equipment. If tax exemptions exganded to all
irrigation equipment costswould be reduced leading to more adagb, and thus encouragg
increased food productian

4.2.4 Actions and ActoEngaged

Valuechain actorsThere is a wide stakeholder base engaged in the SPIS value chain, as obtained in
interviews with key informants. They include (i) users of solar ptedand equipment; mostly
farmers, (ii) suppliers of either whole SPIS kits or componensolai-powered equipment and
associated services, such as importers, wholesalers, retailers amllees, manufacturers and service
providers across a wide spegin (private companies, technicians, extension workers, traders and
transporters. There are also (iii) development partners supporting SPIS (UN, multilateragtional

and locaNGOs), (iv) banks and financial institutions, (v) marketing and farmpeosuorganizations,
including NGOs, (vi) institutions offering training on splewered systems and (vii) policy and
regulatory institutions at national and county levaleyernmeny.

Serviceproviders:There are many service providers activKiagiado Countyn the SPIS spacsome
with offices there or simply operating from Nairobi. The most common ones inthadfllowing:

1 Suncultureg have a wide range of small pumps including RenMaker solar water pump
systems, which consist of a sofarmp, controller, battery bank, portable solar panel and
sprinkler bttp://sunculture.com/productg

1 Epicenter Kenyg re-sellers of various types of pumps and also provide technical support for
fixing pumpsMain types of pumps are those by Grundfos, Kenya Lorenz and others
(http://epicenterafrica.com)

1 Future Pumpg have popularized their SEE8lar pump which is a reciprocating, positive
displacement piston pump usirggDC motor. It isimple in desigrg farmer fixable, and good
for smallholder farmshttps://futurepump.com)

1 Kenya Lorentg sells medium to large solar pumps including the &3&rpump which is of
high efficiency with a wide power range from 180to 4kW. They also sell a wide range of
pumps [ttps://www.lorentz.de)
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1 Davs & Shirtliff¢ also a reseller of all types of pumps including Dayliff DDPS60 arel&un
range which are solapowered pumps suitable for water transfersmaltscale applications
and installation of equipmenhétps://www.davisandshirtliff.com

9 Other companies include Greenserve Agpiutions, Chloride Exide, Grundfos, Wotech
Kenya Ltd, Grekkon, Irrico International, Adrikeenya and Generation Kenya Limited.
Others offer various services from capacity building to extension services. For instance,
Strathmore University does capacity building for technicians who may bemm@itored or
funded by companies, while the Countg¥@rnment of Kajiado provides policy support and
extension staff on all aspects of agriculture including irrigation. Other stakeholders include
transporters, traders and retailers who complete looping of an SPIS value chain.

4.2.5 Challengdsaced

A numbe of challenges face the stdector of solapowered irrigation, cutting across technological,
policy, economic and social issuasdthey includethe following

#High initial costsAlthoughthe pricesof solar energyequipmenthave drastically dropped, making
the technology affordable tanedium-scalefarmersand thosewith alternative incomes, the cost is
still relativelyhigh forsmallholderfarmers. For instancey small solar pumping kit for irrigation costs
about USDB50¢800, which is still too expensive for poor farmékgati 2019) Moreover, mossolar
powered pumping equipmeris imported from China, India, USA, Germany and other countries and
finding spare partéocallycan be a challenge.

a) Shortage of qualified technicianThere are few qualified technical staff to handle design,
installation, operation and maintenance of SPIS and this affects the quality of products,
design, installation and maintenance services for SE®p://kerea.org/voluntary-
accreditationof-solarpv-businessesn-keny3.

b) Shortage of landThe periurban areas of Kajiado have been taken over by residential areas
which occupy formerly fertile lands that could be irrigated. This means shrinking space for
agriculture.

c) Limited publicly available information on renewable resourcesstpport investment
promotion, decision making and energy planning
d) A limited local capacity to manufactuselarpower components and equipment

e) Limited information orappropriate credit and financing mechanisméich causes delay in
project implementatia.

4.2.6 Outcomes and Impacts
a) Reduced costs of pumpin§PIS offershe opportunity to pump irrigation water without the
running costs associated with fossil fuels or grid electricity. Although capital outlay required to
purchase the equipmentan be highle.g.,USD800) in the long term SPIS are actually more
economical since they have negligible running cdStsnpared to diesglumps,solar pumping
reduces the cost of pumping B0¢90% over life of the system. The cost of solar modules has
reduced by 80% in the last 10 yeéiv&ati 2019)

b) SPIS offers good return on investmdatofits of at least 70%(Holthauset al. 2017 hawe been
recorded in Kenya. The twaround time for this investment is usuallg3 years making these
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d)

9)

h)

systems a worthwhile investmenthey have a life span of about 5 years, in which time they could
have paid back theirost The important factor of solar pumping is not to oweork it, by exceeding

7 hours/day of pumping (depends on modmhdcan be less). Also, solar pumps provide clean energy
(are green) and popular witthonor-funded projects

Multiple use of solar energyenerated SP1Sare versatile and can be converted to other uses at
farm level Theyoffer multiple use of energy which is especially important in areas not connected

to anelectricity grid.The solar energy issed for postharvest processing of crops, lighting homes,
charging mobile phones and other light industrigbis eliminates theneed to purchase fuels

such as petrol and paraffin. Through improved access to energy and water, SPIS helps to stabilize,
increase and diversify agricultural productioa.d., vegetables and fruits)The increased
availability of food improves food and tritional security, especially for smallholder farmers and

their communities.

Scalability Solarpowered irrigation iepplicabé across multiple scales as pumps come in a range
of capacities and solar panels can be addieddditional power as requiredPI1Scan be
implemented at individual farmer or community levels. The County Government of Kajiado has
conducted a mapping of the potential sites for solar energy installatiangis in the process of
piloting a newsmartgrid solartechnology(ALIN2020)

Reduced labor and drudger$olar pumping upscadarmers from using manuabater-lifting
devices such as bucket irrigation or treadle pumps. This is a major relief for women whose health
is affected by manual irrigation methods. SPIS isrmintenance, easyo install, simple and
reliable, and may operate unattended. Some smaller SPIS kits are poneiimg them easy to
share between farmers anfdr safe keeping.

Environmentally friendly Solar water pumping is a climasenart choice, esgcially when
compared with petrol, diesel or other fossil fuels. Overall, SPIS can play an important role in
climate change mitigation, reducingreenhouse gagcarbon dioxidg¢ emissions in irrigated
agriculture by replacing fossil fuels with a renewahbiergy source.

Resilience against drought/climate chanf@armers in dry zones regularly suffer crop losses due

to droughts. Affordable pumpingspecially with introduction of supplemental irrigation of crpps

could cushion farmers against weather sho&eingrenewable solar energyacilitatesirrigation

and thusattainment of SDGs that have a bearing on food security (SDG 2), water (SDG 6), energy
(SDG 7) and climate change (SDG 13). The national government developed a roadmap for SDGs
which is supportie of renewable energy including solar, as one way of climate change adaptation
and resiliencéMinistry of Devolution and Planning 2017)

Gender and youtlengagement in agricultureThere are significant benefits of solar pumping
solutions for women andouth. SPIS are often used for crops traditionally grown by women, such
as fruits and vegetables. This could enable women farmezadgage in production afegetables,
improvehousehold nutrition andncomes from saleof agricultural produceAlso, SPIS aslabor
saving technology which is attractive to youth. Although not quantified, key informants
interviewed indicated that a large number of youth were engaged in SPIS in Kajiado.
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4.3 BlendedFinance Supporting Agricultural Intensificatiand Watershed
Managemenin Upper Tana

4.3.1Background

The city of Nairobi has a growing population, numbering 4,397,073 in @NBS 2019}t is a thirsty
city, suffering huge water deficits. The water demand in Naic@piaverages 750,000 Huay against

a delivery capacity of 525,000%day (Gichuki 2015)TheUpperTana catchments supply the bulk of
the water used in Nabbi through the Sasumua and Naani dams, which iw their water from the
Chania andhikarivers, respectively. Nairobi being a major industrial hub in Kenygagconsumption
includes both industrial and household watétowever,ncreasing suspended sedimtein the rivers
hasbecome a major issue as it ir@ases the maitenarce andwater treatment costs. Indeed thevater
treatment costs dten ingease maoe than 33% during the rainy season, as sediment runoff fills and
disrupts treatment equipment causing supply interruptions. Without intervention, this probfem
likely to escalate, as climate change sasi more intense rainfall events and population growth leads
G2 Y2NB FIENXAY3I 2y aGSSL) 6 GSNEKSR af2L5ad Ly
facilitiesare under pressureandface a deficit of 30% of water when the system is operating at full
capacity. Itis becoming clear that sairtg this out requires interventions at the source,e., in the
catchments where the resource managers are local farmers. Such efforts require rigugppo
community actions in the areas where the water originates.

Meanwhile, in the upstream catchments of the Upper Tana, the land owners/users who live upstream
cultivate the steep, fragile lands prone to erosion, soil degradation andexerallyresouice poor. It

is essential that downstream users support upstream actoratter manage the watershed and
promote conservation. Residing on top of water catchment areas, these land users condtipsid
watershed manage®f the natural resources, inadlingthe water collected in dams and taken to the

city of Nairobi downstream.

The city of Nairobi on its part haamong its residents and clients, large water users comprising
companiesvith generouscorporate social responsibilifyyinds. Some of theseompanies and water
utilities such as the Nairobi City Water and Sewerage Company are willing to support conservation
and other beneficial activities in upstream areas where the resource comes from. Moreover, the city
entities and land users would also like see ecosystems preserved, agriculture practiced in a
sustainable manner and watershed conservation that translates into cleaner water flows from the
catchments. As opposed to previous approaches ofaffierojects, this innovation brought together

the water users downstream (Nairebiased private and public institutions) who set up a kbagn
sustainable blended financing mechanism, the Upper Téaiaobi Water Fund which has since
graduated into a fully incorporatettust in Kenya. It is a loatgrm financing model for watershed
management combined with governance and having legal basis as a charitable public trust. The Water
Fund created a platform for participation of public, private and development actors and communities,
providing support and a dieery mechanism fogAland watershed conservation, where downstream
water users (at the tap) provide incentives (blended finance) for upstream communities (at the top)
to conserve the sources of water.

4.3.2 Description of th€ase

Type ofinnovation: This is a blended financing innovation with technological, environmental and
sociceconomic componentsTheWater Fundwas the first of its kind in Kenya, and indeed in Africa.
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Following a successful proof of concepfi\e-year project phaserém 2015 to 2020 actualized to
create the Water Fund as an enduring institution and implement various activities out of which
successful outcomesere achievedreduced erosion, increased tree cover, rainwater harvesting, crop
diversification, increased ammes for farmers and investment flows from partners. This phase was
implemented withfunding support fromthe Global Environment Facility (GERjough IFAD(IFAD
2015 andimplemented by TNC in collaboration with partnersertailedthe following

TimelinesThis innovation has a timeline of nine ye@812;2021) in two phases: (i) the first three
years(2012;,2015), implemented as a proof of concept phase, when baseline studies and partnerships
building were done to test the business case for settip aWater Fund modeled on experiences in
other parts of the world but anchoreith local realities and (ii) the second phase of five yéapd x;

2020) was the setting up of the Water Fund through a @lfeled project culminating in the transition

into afully independentrust under Kenya law in September 2021.

Proving a businessase for the Water Fund@:heWater Fundwas initiated in 2012 through a three
year proof of concept phase which was used mostly for gathering baseline kiptiological and
economic nodeling and developing a stakeholder ba3éis stage was meant to determine the
Husiness cagdor establishment of a Water Furfdr Nairobi (TNC 201p This entailed a series of
studies over a thregear period meant t@ssesshe economicviability of a Water Fund for the Upper
TanaRiver basin. The studies wemmmissionedby apubliccprivate steeringcommitteecomprisng

TNC and its partner$his coming together of the large companies led to financial commitments and
goodwill for the | G S NJ eStdbyisRraeat in Nairobi.

How the Water Fund workg\ water fund is a governance andinancial mechanismfocused on
sciencebased implementation of pstreamland and water conservatiomeasuresiecessary to meet
water quality and/or quantity goals (Figure Rfeatures goublic;private partnershipof government,
public and privatedonors and private sector institutions¢ some of which aremajor water
consumersét the tapQ (i déritribute to the water fund operations and implementation fund
and/or endowmert. The endowment fund is a lortgrm financing mechanism to which the partners
make contibutions. Whether endowment or general implementatiofunds, theyare used to
supportwater and soil conservationmeasures#t the toplTNC 2015 Thesemeasuresbenefit local
farmersthrough increasingagricultural yields by reducingsoil erosion improving cropproduction
sustainably, taking care @faterqualityandcatchment conservation.

Identifying the benefits and costfhe Water Fundbusiness casstudyfocusedon the benefitsthat
would arisegivena USD10 million investmentin priority sub-watershedsdisbursedover a period of
10years as a preferred scenarlovestmentplanningand watershedmodeling were performed using
economic analysis and @upled SWAL Yy +9{ ¢ Y2RSt Ay3 FTNIYSogAME ® { dzo
Carbon Balancdool (EXACT)tool (FAO 2017Wwas used to estimate carbon savings and climate
mitigation impacts.The business case identifiedarious interventions for targeted sumatersheds
vegetationbuffer zonesalongriverbanks,agoforestry, terracingof steep and very steep farmlands,
reforestation for degraded lands at forest edges,grassbuffer strips in farmlandsand mitigation of
erosion from dirt roads The economicimpact of these interventions was modeled for three key
stakeholdergroups, especiallyjammers in the subwatersheds. It also delineated thrg@iority sub
watershedsof the UpperTanaBasinas areasof criticalimportancefor improvingwater quality and
guantity in the basin SaganaGura,Maraguaand ThikaChaniarivers Themodeing resultswere used
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a proof of conceptof the impactsof different conservationinterventionsto demonstrae what success
would look like in the UpperTanawatershed

Improved

water quality
and quantity

Monitors project impacts

\

Landholders Contributors

Upstream communities and Donors and downstream
NGOs “at the top” protect WATER FUND users “at the tap” fund
the watershed GOVERNANCE BOARD watershed protection

Selects projects and distributes funds
Endowment
fund

Figure 5lllustration of how water fundswork.
SourceTNC2015

[

Box 3 Whythe Water Fund works

The financial supporof water fundsis used to promote sustainable land and water manageme
practices upstream that filter and regulate water flow. These management practices can in¢
strategicallysited tree planting and land terracing, natural water holding features andaom

soil and water management practices. Funding is also used to support economic opportu
that enhance livelihoods and the quality of life for upstream communities that fuitieemtivize

farmers and landowners to implement sustainable management practices. Indeed, many ¢
interventions that improve water quality and quantity also lead to increased agricultural yie
Water fundsOF y | f a2 SyKIyOS Oapriy dishdteichadge oy buiddig it
resilience to fluctuating water supplies and temperatures.

Implementation of water funds is a proven model founded on the principleitligtess expensive
to prevent water problems at the source than it is to addrésem further downstreamThe
results of the Water Fund businesscase demonstrated a clear economic basis for the
establishmentof the Water Fund It proposed aUSD10 million investmentin Water Fund
interventions showing that this idikely to return USD21.5 million in economicbenefitsover a
30year timeframe. The study projected thafor every USD1 invested by the Water Fund
stakeholderdn the basin and Nairobivould seeover USD2 worth of benefitsaccrued(Schmitz
and Kihara 2021)Thepaybaclkperiodfor the investmentis calculatedat approximately20 years
The Water Fundprovides a secure and transparent program through which public and priv
donors and partners who depend on clean water supplies from the Upper watsashed can
direct resources to conservation strategies that will yield the greatest returns for the comr
good and the economy.
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Financial outlayFrom a financial perspective, the business casemmended thato achievethe results
requiredin the UpperTana, an annual expenditure of some USDL million would be required over a
10-year period, impactingon some50,000farms and adjacentforestswherebymost farms would be
engaged tahangeheir landmanagemenandsoilmanagemenpractices. This meant collective action
by partners downstream and in the international community, who would mobilize at#aBL million
annually, to try to achieve the target &fSD10 million that constituted the initial budget of the &tér
Fund (for a10-year period).

Theory othange:Thefunction of waterfundsis premisednthe principlethat it ischeaperto prevent

water problems at the sourcethan to addresghem further downstream(TNC 201p Investmentsin

green infrastrudure usingnatural systemgo trap sedimentandregulatewater often provideamore
costeffectiveapproachthan relyingsolelyon gray (built) infrastrudure suchas reservoirsandwater
treatmentsystemsThe idea of &Vater Fund for Nairobi was based on findings from other successful
water fundsthat TNC hadmplementedelsewherein the world. Examples include thaties of Quito

in Ecuadorand Riode Janeirg Brazil By the time of its formulation in 2012, thWWater Fundelied on
experiences gained in addressing similar issues in Latin America, where over 30 water funds had been
developed(TNC 201p TheWater Fundwas thus planned with these concepts (Figure 6) afrisigy

the benefits of watershed conservation by upstream land owners/users through investments by
downstream beneficiaries of accruing water resources protection and ecosystem services.

5S@St2LAYy3 | of SYRSR 7T Xhisleytdiletl maitizirg (s isteinaBleNtinasaing G SNJ ¥
from donors, private sector and water users in the downstream city of Nairobi and in the international
community to support agricultural intensification and watershed conservation activities in Upper Tana

River catchments. Bheled finance is defined as the strategic use of development finance for the
mobilization of additional financéoward sustainable development in developing countri@ECD

2021) The problem addressed was the disconnect in availing a sustainable finamsih@nism to

support watershed management and SAI in the upstream catchments of the Upper Tana River Basin.

The innovation started A 4 K | WLINBE2F 2F 02y OSLIIQ LXKIFaSo

Setting up the institutional structuseThis entailed creation offublicgprivate partner$ip or steering

committee. Grassroots activities were implemented in partnerships with county governments
6adzN} y3IQlF>X beélyRINHZ YR b&@8SNAUO YR ad42YS &ALISOAT
NGOs, such abe Sustainable Agricultur€ommunity Development Programm8ACDERand the

Green Belt Movement.The dayto-day activities were coordinated by staff in the secretariat with

oversight by the Board of Management, which represents the managerial expegtipensible for

the technicaimatters of theWater Fund The overall direction of th&/ater Fundwas entrusted to a

board oftrustees, the apex body responsible for delivery of\later Fundand resource mobilization.
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Figure 6 Theory of change for th&Vater Fund model
SourceTNC 2015

4.3.3 Drivers of the Innovation
A number of factors and activities contributed to the success of this innovation, sticé fadlowing

i Establishment and institutionalization of th@/ater Fund management platform This
involvedidentification of atprivate sector companies in Nairobi, and linking them with public
sector institutions to create @ublicgprivate partnership to establish the Water Fund as a
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