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EXECUTIVE SUMMARY

Lightindustry andsmallbusinesseg soOl £ £ SR WLINE R dzQuie AkeyJactdra S esEceessaf villagéhased

greenmini-grids(MGs)in Sub Saharan Africa (SSA)nost caseMGs arenot able to reach sufficientlevel ofsalesrom

private households to secure their financial viability and so have to sell to PUs. Howiheut\Wwnkageto and support
for PUs MGs are likely to struggle tocrease local commercial uptake of electricityaichieve thecritical mass ofales
required. This report aims to start addressing this problem by mapping potential PU businesdéd&dan 15 Africa

countries.

TKSNB Aa y2 madglSorPasknidBIGsTHawer, thef niogt successful modale usually entred upon the
business needs tdcalPUsandfoster the development of new PUs araliaxisting value chairf§¢ Cs)in orderto increase
productivity or the value of goods kb This report focusson those parts of the VC for villagpased businesses, namely
local production, local processing and local or regional end user markets.

The kinds of pductiveactivitythat are of most interesto MGsfall into the followingbroadareas:

9 Agricultural produdbn, such as irrigation pumping apdst-harvest storage;

1 Aquacultureproduction, such as fish breeding;

9 Agricultural processing, suchmdling, husking, cooling, pasteurisation, dryijuiging, pressinggrinding, pulping
and roasting;

1 Light manufacturing, such aaw millingcarpentry, welding, bricknaking, tailoring and loomingnd

9 Access to endiser marketsenabled by icanaking and cold storage.

A Scope of the Report

The report focuses orPU activities il5 African countriesnamely Burkina Faso, Cameroon, the Republic of CoGgte
ROLO2ANBE (GKS 5SY2O0NIGAO wSLIWzotAO 2F /[/2y32 65w/ 03X 9i
Uganda, Zambia and Zimbabwe

It identifies43 dfferent typesof off-grid PU activityhat are relevantor villagebasedMGs (seeTablel). It provides iR
depth analysis on those sectomhich offer thegreatestopportunities forMGs to electrify PU activitiemiamely cereals
(maize, srghum and millet, and ricegnd fisheriegfish capture and agquaculture)

The reportisdivided into four mairsections:

1 Methodology sets out thecriteria for selecting/Csand methods ofanalysis

1 Gaps irknowledge andiata: identifieschallenges imlata gathering and recommesdhow to addresgaps

1 Valuechain and PUanalysis describesthe key actors, drivers, trends and challengés rural VCswithin the
cereals and fisheries sectomcluding possible entry points filiGs.

1 Countrymapping:showseconomicdata, energy dateand PWCsdfor each countrywith mapsindicatingoff-grid
areas that might be suitabler MG development.

It should be noted thattte report isfocused onPU activities for villagbasedmini-grids, rather than utility-scale miri
grids,which sellto larger manufacturing, processiagd consumebusinesses, and are likely to target regional, national
or even international markets.

B Analysis and data inefficiencies

Much ofthe research for thiseport is based onliterature on rural VCsand productive use of energyPUB. One of the
biggest challenges in this research has been the lack and inaccuracy of data such as:

9 Limitedeconomic information olPUVCsat alocal level e.g. cos@nd revenue®f typical PU business, up-to-
dateinformation onproductprices orprocessingr service charges, amubints of competition along th&C



1 Inadequate information on technical and economic implications of electrificati®tsby MGse.g.technical and
cost impications forMGs in mechanigg manually operatedactivitiesor replacing diesepowered machinery,
potential for introduction of valueaddition activities to improve the quality of existing products or diversify
outputs from local processing, afloaderbusiness modetonsideratiors.

1 Lack of ugto-date national electrification maps showirgisting grichetworks,off-grid areas wittMiGs andareas
not yet electrified.

Thereport can only provide a high level overview on what is happeiniegich countryDeveloperswill still need tocarry

out their own due diligencenthe ground on local PU activitieEhey will also probably need to devel@pgetedbusiness
development services for local entreprenewsd meke grants or micrdinance availableto stimulate investments in
incomegenerating equipment.

C Value chain activities focereals andfisheries

Localproduction of cereals and fighg in rural communities in Africds typically dominated bysmallholders. Their
businesses tend to rely on rafad production and are very vulnerkdito weather, leading to variable supplies and volatile
prices Inefficienciesn production and posharvest handlingcombined witha lack of proper storage and preservation
facilities,often lead to lossesiproduct quantity and quality.

Local procesng istypically done in smallgquantities either carried out manually or using artisanal, digseWered
machinery, whiclisexpensive to rumand often unreliablelt isoften hinderedby alack ofappropriateelectricalequipment
andreliable sources gpower. Furthermore, many small businessagply cannot affordthe cost of theequipment or
access local financing for it.

Most productsare sold toprivate householdsand local markets. Somenaize and fistproducts aretargeted atlarger
consumers andhore distant marketsThe scope for trade outside the local area is hampered by many factors such as: the
poor road infrastructure; the poor qualitf localproductsandlack of standardsincertainty aroundocaltrade practices

and volatility of product pices;and the poor integration of rural actors in the national value chdpportunities to
broaden end user markets are emergittgough: changing consumption trend#creases in urban populatioand
household purchasing powedemand from crosgutting sectors such as theninal feed and beverage marketsnd
growing crossorder trade.

D How MGs can add value teereals and fisheries

Electrification by mingrids caraddvalue to prodiction of cereals and fisheries, babim cultivation throughirrigation of
cropsor fish aquaculture andon post-harvestactivitiessuch aghe drying of cereals and fistand the threshing and
winnowing of cereal€One of the challenges is that such services are typically neediettitocations which may be some
distance from the villages, so developers have to decide whether to extend thegniilsi or use portable equipment.

Electrification can support locpfocessing activitiesuch aghe cleaningof cereals and fish, antie de-hulling and milling

of cerealsMog machinery usedor such activities haa high energy requiremerand thisneedsto be consideredwhen
designing the mingrid and the operation and maintenance strategy. Rasicessing activities that may be supported
through electrificationinclude loal packagingenergy production from agricultural residuesd local production of
animal feed fromthe by-products of processing.Depending on local markets, electricity may also be used for the
production of baked, cooked or fortified products.

MGs can dd value through noselectric activities such as centralised storage activities lack of which contributes
significantly to posharvest losses), the provision of business development suginaitidingbasic business and financial
advice,dissemination of marketinformation and help addressing sectiasks such aslroughts pests and diseasesgnd
supply andinancingof PU appliancedn some cases thBIGs may themselves decide to directly enter the PU business
and offer services such as milling ishfto the local community.
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1 INTRODUCTION
1.1 Background

Productive use of engy (PUE) plays a criticedle in the development ofmanyvillagebasedgreenmini-grids (MGs) in
rural communities inSubSaharan Africa (SSArivate households ithese areagypically consumelow amounts of
energy,so MGs may not be financialy viable without connecing to incomegenerating users of energy. Thesecsdled
G LINR RdzOG A @S dza SNA ¢ 6stale docalmanbfaciliing, codercialNhrétedl buginessést

This report mapshe opportunities for PUE foMGs in 15 African countries Burkina Faso, Cameroon, the Republic of
CongoCOoteRQL @2 ANBX (KS 5SY2O0NI A0 wSLMztAO 2F /2y3A2 65w/
Senegal, Uganda, Zambia and Zimbabtidentifies the most important PU value chains (VCsMGs and describes the
main production, processing and end user market activities where electrification througi@secan add value.

Energy4 Impact andensusd (G 2 3S G K S NJ { Ww&e cbritr&fed by e Afiicare Development Baka ! Ftb . € 0
produce the reportunder the Business Development Servicese of the Green MiniGrid Market Development
Programme. The reportsone of a seriedbeing produced by the Help Desk. Othelevantreports currentlyin production
include one ordemandside managemnt best practiceandanother onbilling strategies

1.2 Reportstructure

Chapter 2explainsthe methodologiesusedfor: identifyingthe most common rural/Csacross the 15 countrieginalysis
of the value chain activitiesand mapping outareas andactivitiessuitable for integration intdviGs.

Chapter 3reviews availableliterature onVCanalysis andPUE in the relevant countrieglentifyingknowledge gaps

Chapter 4analysedour of the most importantVCsfor MGs across the 15 countriemamely maize, sorgm/millet, rice
and fisheries. It highlightactivities along tbse VCsawhich represent opportunities foMGs. It includeskey technical and
economic considerations aridentifiesgaps in data

Chapter 5provides macreeconomic and electricity datand mapson the 15 countriesand identifies potential
opportunities for PUE from migrids, focusing on the cereals and fisheries sectors covered in Chapter 4.



2 METHODOLOGY

This chapter outlines th&ols andmethodsusedto analysethe different PUs and/Csand to identify value-addition
opportunitiesfor villagebasedMGs.

2.1 Scope

The report focusses onpportunities for smaftscale PU businesses witblated rural villagdasedMGsin 15 selected
African countries.

It is targeted atlevelopers obmall to mediim-sized solaMGs with a capacityf a few hundred kilowatts or les$hese
MGsare generally able to handle appliances with a capacity of 10 kilowatts dr less.

Due to the broad geographical remit of the report and the heavy reliance on publicallgtdeaibta, nost of the country
information relates to theadministrativeregionsor countiesof the selectedcountries, rather tharsmallerdistricts or
villages.The report is therefore not a substitute for developers carrying out their own due diligarecéocal level.

In order to make the report as relevant as possibleM@ developers, wénavefocused on PU VCs that mdeto tests
First, ey already exist in offrid areas or can easily be introduced. They are likely to primarily serve local mydnket
may also serve more distant marke&econd,liey have high potential for valesddition through access to electricity and
are likely to have a broad range of electrical load requirements

In this report, we havédentified 43 commoditieswherevalue can potentially be created through electrification foyal
MGs inthe 15 selectedtountriesg seeTable 1We have carried ou detailed analsison the potential for value addition
with five of these commoditiesiamelyfour cereals (maize, sorghum dmillet, and rice) and fisfincludingfish capture
and aquaculture)These five commodities were selected because they are relevant for most of the selectades If
we had more time, we probably would have included otbemmoditiesin this analys such ashea nuts, ground nuts,
and cassavale have classified the crops using the F&@temg see Appendix D.

Tablel: Commodities with potential for PUE from rural, villagesed minigrids by ountry

CommodityPU Business Countries(see notes below) \
Maize COG, DRG)OZ,NGA UGASENZMB, ZWE
Sorghum BFA, DRC, EIMDG, MLIMOZ NER, NGA
Cereals Millet BFA MLI, MOZ,NERNGA, SEN
Rice BFA, DRC, CIV, CMR, Q@G, MLI, NER, NG2EN
Wheat BFAETH, ZWE
Tomatoes SEN
Pineapples CIV, DRAGA
Mangoes CIV SEN
\I\ilee?s:sb'es and - nanas / Plantain CIVCOG, CMR, DRC, MDG
Dates BFA
Figs BFA
Cashew nuts BFA, CIV
Coconuts BFACIV, DR
Oilseed Crops Oil palm BFACIV, CO®RC
Groundnuts BFACGG, DRQYIDG MLI, MOZNERSEN

I Most PUE activitiesovered in this report work witinglephase or thregphase A@ype connectionsand a few would also be
suitable for DC connections orsmall scaleNREL & Energy 4 Impact (2018:2B3provide more information onMG system sizing

and desigrfor PUs.

2Food and Agriculture Organisation of the United Nations




CommodityPU Business
Sheanuts

Countries(see notes below) \
BFACIV, CMR, ETMLI, NERNGA, UGASEN

Sesame seds BFAETH, NGA
Sunflower UGA
Soya beans ZMB ZWE
Irish potatoes MDG,MLI
Root/ Tuber Crops|Yam CIV,COGNGA
Cassava BFACIV COGDRCMDG MLI,MOZ, NER\NGA,ZMB

Cocoa beans

CIV,COG, MDQIGA

Coffee beans

CIV.COG, DRETHMDG, UGA

Beverage and Spig

Livestock Productg

Tea DRC
Crops
Cola nuts BFACIV, DRC
Vanilla MDG, UGA
Leguminous crops Bears CIV,COG, DRC, MDSEN
Cowpea BFA
Sugar Crops Sugarcane BFACOG, DRC, MLI, M®EN
Cotton BFA, CIWIDG, MLI, NEBBENZMB ZWE
Other Crops Rubber pant CIV,COG, DRC
Tobacco BFACOGZWE
Cattlemeat CIVETH, MLI, NER, SEN, UGA, ZWE

Goatmeat

MDG, MLI, NER, SEN

from Live Animals

butter)

from Slaughtered [Pig meat/ Pork SEN

Animals Chicken meat MDG, NER, SEN
Hides and Skins ETHMDG, ZWE

Livestock ProductgDairy (milk, cheese, yoghurt, ETHUGA

Fish capture

CIV, CMR, DRC, MLI, MOZ, NGA, SEN, UGA

Fisferies Aquaculture MDG, NGA, UGA, ZMB, ZWE
.. _|ICement and hkicks COGMDG, NER
Quarry and Mining Vetalwork VDG
Timber Woodwork COGMDG,UGA, ZMB
Country abbreviations (World AtlasBFAc Burkina Faso; CMiRCameroon; COGRepublic of
Nt i Congo; DREDemocraic Republic of Congo; GtV % .ij S RQ ITcﬂ'mnﬁpM;EMDQQ ¢
Madagascar; Mld Mali; MOZ¢ Mozambigue; NERNiger; NGA; Nigeria; SEN Senegal; UGA
Uganda; ZMB Zambia; ZWE Zimbabwe
This list is1ot exhaustivelt is based omublic inbrmationon commodities/PU businesses alreac
Note 2 exisingin rural, offgrid areas in theelevant country Clearly, there may be potential to introduc

new commoditieAPU businesse® such areas.

Source: Authors, various literature

While theinformationin this report isuseful in determining théigh leveliability of aMG project, it should not be looked
at in isolation.To assess the viabilitpf MG sites at the village level, developers also have to condmzal electric

connectivity and distance tthe main grid, competitiveness versus alternative energy sources (diesel engines or solat
home systems), the level of existing entrepreneurship and value addition activities, the logistics for access to appliance

the quality, affordability and power ratg of those appliances, access to markets for the exidfidg access to local
finance for PUs, and the availability of local business development service providers.



2.2 Definitions

For the purposes of this report:

AMGisa set of smadkcalerenewable or hiprid electricity generators angdossibly energy storage systems connected to
a distribution networkthat supplies electricity to a small, localised group of customers and operates independently from
the national transmission grid.

PUs aresmallor microlocal businessestypicallyactive in agriculturefishing light manufacturing, or snlacommercial
and retail trading.

PUHs use of eergyby those businesses and other consumers to increase income, productivity and quality. of life

AVCrefers toall ectivities that add value to a commodity or service from productimoughprocessingo marketing and
enduser marketé

2.3 Sources of information

The datafor this report comedgrom two main sources

1 Publicly available informationWe havecarried outa literature review anddesktop researchusing public
information sources. The ain sourcesvere governmentministries(e.g of agriculture,trade and energy, rural
electrification agencigstrade associations,chambers of commerceprivate companies, privatesector
development directories, financial access organisations, universigesarch institutedNGOsand development
organisations

1 On-the-ground experienceNe have drawn orthe on-the-ground experiencef Energy 4 Impact and Inensubo
have providé technical assistanc® over 100 developers acro86 countries inSSA, both directly through the
Help Desk and other programmeBhe Help Desk has supported developers in all but one of the 15 selected
countries, the exception beintpe Republic of Corm

2.4 Mappingprocess

We have followed #ree-step process for mapping the most interesting PU business@d@srin the 15 selected African
countriesc see Figure 1 below.

3 This covers both the narrodefinition of PUEInder whichelectricity is used as a direct input for income generation and
productivity (Contejean and Verin 2017, GIZ and EUEI PDF 2011, European Commissiand20ebroaderdefinition under
whichelectricityis usedo improve the socieeconomic wellbeing of a communi{NREL & Engy 4 Impact 2018, Lecoque and
Wiemann 2015Webber and Labaste 2010, NRECA International.n.d.)
4 For information on different types ofG seehttps://www.ids.ac.uk/ids/global/pdfs/VchNd¥l.pdf
> Some development organisations have been actively involved in facilitating the development of rural agrivi@smebSA.
9EI YL S& AyOftdzRSY ! {1 L5Q4 /hat9¢9 LINRPINIYYS 6KAOK Kladi ¥F20Od
and Malawi fittps://www.eatradehub.org/old_project_compete?pagesIT ! { ! L5Qa Df 26l f C22R wSalLlk
analysed the rice value chains in Senegal, Nigeria, LiberiaaMbGhanah(itp://www.fao.org/sustainablefood-value
chains/library/norlearningpackages/details/en/c/274710 T | { ! L5 Q& C9 2 {hictbpeodided uNdatEsNh agicEtura
production and markets in SSA that are vulnerable to severe climatic conditions such as dntipghie(vs.net/0 T YR ! b5t ¢
DIMAT programme which has analysed rice, beans and cagalavachains in Ugandat{ps://www.kilimotrust.org/DIMAT.pd}.
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https://www.ids.ac.uk/ids/global/pdfs/VchNov01.pdf
https://www.eatradehub.org/old_project_compete?page=1
http://www.fao.org/sustainable-food-value-chains/library/non-learning-packages/details/en/c/274711
http://www.fao.org/sustainable-food-value-chains/library/non-learning-packages/details/en/c/274711
http://fews.net/
https://www.kilimotrust.org/DIMAT.pdf

wldentify all types of PU businesses relevant for MGs in Africa

wldentify main PU businesses by country by reviewing literature and public data
wFocus on small, local, villappased businesses that can benefit from access to electricity
wldentify any gaps in information

uSee Chapter 3

Identify PU
businesses by
country

wldentify top 4 PU businesses that apply to all 15 countries, i.e. 3 cereals and fisheries
wAnalyse and map the VCs around these businesses, particularly at village level

wAnalyse local production, local processing and marketing and assess theadditien opportunities for
electrification by MGs at each stage of the VC

wOutline the techneeconomic considerations when connecting these PU activities to MGs
wSee Chapter 4

Analyse top 4 P!
value chains

wMap location of most important PU businesses and VCs agairgtidfireas by country

wldentify potentially attractive regions for MGs by country, i.e. areas of high PUE potential with low access to
electricity

wSee Chapter 5

Figurel: PU mapping process

2.5 Value bainanalysis

In thisreport, we have analysethe VG for five commodities, namely maize, sorghumillet, rice andfish. For each of
thesecommodities welook at the main activitiesplayersand equipmentalongthe VC and the kelpusinesdrivers e.g.
weather, local infrasticture, andlocal tradingarrangements.We break the V& down into three main stageise.
production,processing and marketing or end user markets

9 Local poduction includescultivation of cereals.fish captureor aquacultureand past-harvest or postapture
handling.

1 Local processingncludes all activities tharansform basic commodities into more valuable products. We have
broken these down under two main headings

i) Primary processintransformsraw commodities into primary products (e.g. milling cesegito fbur,
drying or smoking of fish)
ii) Secondary processirigansformsprimary productsnto highervalueand more marketabl@roducts(e.g.

baked products made from cereal flour, ofdis created from gutted fish)
1 Marketing includesall activities calied out to sellenduser products

Someplayersoperate across thentire VCor areinvolved in multiple businesses. For example, mimwgl traders
maize, sorghum and milletre involved irthe production processingnd marketingof the cerealsseling themdiredly

8 For a more irdepth look at VCs and the main stages of value addition, please refiet té2QlaeLioké Y I ydzt f a3 YL ¢ X
andL L w@h@id Entpowermeat NB L2 NI X (G KS 9 dAMBysISdny Devebpmeérit &f dludive Nalue Ghains
information note,andd KS Ly G4 SNY I (A 2 y I £ Rogh GuddzdVatublBhaiy Dedelofirded y QS &S | NB | f
Bibliograghy.



from the farm in grain fornor as flour after local processin@iven the similarities in the processing methods, traders can
potentiallyalsouse the same equipment for all three cereals.

2.6 Value addition pportunities forMGs

We haveidertified four ways in whiclelectrification byMGs canpotentiallyadd value to PU businesses:

Increasingproductivity by replacingnanual labour with electric equipment;

Lowering costand improving efficiencipy replacingliesetbased equipment with eledt ones;

Increasinghe value and improving thquality of existing products.g.finer quality flourand less broken riceand
Diversificatiorof end user products.g.baked and fried goods from cereal flour.

= =4 =4 =4

MGs can add value through natectric activies such as centralised storage activit{@se lack of which contributes
significantly to posharvest losses), the provision of business development support (including basic business and financi
advice, dissemination of market information and help sl$ing sector risks such as droughts, pests and diseases), and
supply and financing of PU appliances. In some cases the MGs may themselves decide to directly enter the PU busir
and offer services such as milling or fish to the local community.

One ofthe key questions in relation tealue addition is the choice efectricalequipment.This report thereforeeonsiders

the technicalconsiderationsand economic implications of using different types of equipment and their suitability for
connection toMGs. Appendix C summarises the technical considerations for soalé offgrid cereal processing
equipment.

For a full list of the questionelatedto VCs, please refer to Table 2

Table2: Value chain gestions

Analytical Focus Quedgions

1 How large is the market of the value chain in SSA and the 15 selected countries?

VG Sha a 1 What are the main activities and characteristics across the V@roduction, local processing an

i marketing?

acltivities across 1 Where are thesactivitieslocated in each countfy

the VC 1 Who are the kewctorsacross the V&
1 What knowledge gaps exist and how can they be filled?

Market trends 1 What are the major drivers of supply and demand?

and drivers 1 Whatare the maintrends ancchallengesacrosshe VC?

across the VC 1 What knowledge gaps exist and how can they be filled?
1 What PU activities are mechanised and/or dependent on electricity for operation?
1 What are the general load requirements for these activities?

" How @anMGs add valuecross the V&
ortunities T
%:FI)VIGvaIue 1 How do thePUactivities fit in with the needs of IG?
addition 1 Are there any newUactivities that could be introduced into théG and what is the rationale fo
introducing them?

1 WhatPUactivities can be takenp by the MG devebpersthemselves as a new source of revenue
1 What knowledge gaps exist and how can they be filled?




Analytical Focus Quedions

1 What are the technical factors thtG developesneed to considebefore electrifying identified PU
activities?

1 Whatare the costs, revenues and vataddition considerations foPU businesses ardGs?

1 What knowledge gaps exist and how can they be filled?

Technical and
economic
considerations




3 GAPS IN KNOWLEDGBE BIXTA

There is plenty of high leviierature onsmallPU businessaa SSA, explaining haw promote them, what challenges
they face, and how thegontribute to rural developmentHoweverapart from a few case studiethiere isvery little
detailed information on rural PU businesses or villageed PURt the country level.

This chapter sumarisesthe main gaps ithe knowledge and datan the first section, we look at thimformation gaps
on rural VCs for cereals and fisheriéscluding PUBnN the second section, weonsiderthe difficulties in mapping PU
businessesit a country leveland the limited information orthe opportunities for PE atvillage level.

3.1 Gaps iranalysis otereals andisheries value chains

Lack of @tail atvillage level Most publicdatais compiled ata nationalor regionallevel, withlimited information onlocd
villagebased economicsFor examplethere islittle documentedinformation on local demand and consumption of
sorghum and milletperhapsecausehe production and processirig carried outmainly by private householdmd very
little is marketedoutside the local areaThere are also few concreexamples omallrural businesses pursuinglue
additionactivitiesfor ricebeyond milling even itheoreticallythere ispotential for secondary processimagtivitiesaround
baking and beverages.

Lack ofdetailed and upto-date economiadata on rural VCs There is limited data available on thests andevenuesof

local productionprocessing and marketing sfaltscale businesses @erealsand fiskeries. The problem is particularly
acute for informal traded products and services and it is hard to find documented information on local trade practices
and points of competition in the V@ addition, these costs and revenues tend to differ in different regions within the
country.

Lack ofprice transparency, particularly for cereals There is little transparency orarfim gae prices forunprocessed
cereak, the wholesaleand retailprices of final productsaandserviceor processindees(e.g.toll milling). The same is true

for fisheries, although the l&V of price transparency is higher than for ceredlke problem is exacerbated by the
seasonality of pricing. Som®IG developers have partly addressed this problem by setting up information and
communication technology centres which provide online infotioraon local pricing

Lack of information and analysis on the interaction between marketfiereare manyinterestingaspects othe cereal
and fishery VCihat require further research. One is thgrthmicsof informal trade, both local and internation@.g.the
informal maize trade between Mozambique and Malagri betweenZambia and the DRC, atite informal rice trade
betweenCoteR QL @2 A NI ). AngtRer i® thehmnpaet-of other sectors(e.g.how does thesupply and demand of
poultry and the relded animal feed markeaffect the utilisaion of maize, sorghum and fishRocaland regional food
policiescan also affect demand and supply of cereal productsneSoountriesclasscertain cerealsas strategically
importantand introducdocal incentiveand special rules otrossborder trade which directly impadhe local businesses.

3.2 Gaps in analysis BUBWithin the cereals andisheriesvVCs

There has been very littldetailed analysispublished on the cereals and fisheries Wsch looks atPUE agcvities for
MGs What little has been published has tended to focustlom wider context of rural electrificatiofgrid and offgrid)
rather thanMGs®. Below are examples of some of the most importarfbrmation gaps

”Renewable World has developed a number of commuaityied and managed micrgrids around Lake Victoria in Kenya which
have ICT centres that provide information on local fish prices.
DL LQa tmariu&l(GIZ and EUEI PREL1)providesa frameworkfor planning, promotingand implemening PUcomponents
in rural electrification programslt explores economic and value chain effects of PdE&n oftgrid settinge.g. inproduction, value
addition, market channels and cormeers.9 { a ! 20083aper considers twapproachego developing VCs in rural aredhe
systematic approach involves analysing technologies alony@sdentifying bottlenecks and determining areas where electricity
canbe of benefit. The pragmatic appeich involves leveraging on existing or planned projects in other development skxtarsd
in the sameareas and identifying ways that electricity could benefit these sectors.
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Limited information on energy use ithe agriculturalsector. We found little information on the typical electricity needs
of rural PU businesses operating along the cereal and fishery VCs in SSA and the busiséss elastifying such
businesses.

Limited nformation on usingMGs to power value-addition activities Wewere unable to find much public information
in the selected countriesn the peformance ofPU businesss asviG customers how these businesses fitted into théG
business modehnd practical examplesf MGstaking on Pladivities as a busine&sMost of the information provided in
thisreportA & 0 & SR [2yS yoimded@@rienteyoring with MG developers

Lack of etailed information onlocally fabricatedelectrical equipment for use alongyCsThere idittle publicinformation
on the costs, load requirements amgherating performancef locally fabricatecelectricalmachineryused in the cereals
and fishery VCs.

3.3 Gaps iroverallcountry analysis and®PUmapping

Most of the informatioron major production areais based on administrative regionsamcountry(e.g. provincedistricts
etc.), rather thanon specific areas within these regio(esg. villagestowns etc.) where smaliscale V@ctivities are most
prominent.In addition, the information that we did findias too high level and often several years-ofitiate.

® One exception is Mandulis Energy in Uganda which offers milling servicestdarmers.
9



4 VALUE CHAINND PRODUCTIVE ANBLYSISICEREALS AND FISHERIE

This chafer takes an irdepth look atthe some of the most importarfPU VCs fa¥iGs in the selected African countries
namelycereals(maize, sorghurandmillet, and rice)andfisheries(fish captureand aquaculturg These P8were chosen
because ofheir presencein manyrural village communitieand the opportunities forvalueaddition activitiesor smalt
scale bsinesses usingogver fromMGs.

4.1 Overview

This sectiordiscussesommon characteristics dlfie cereals and fisheridsusinesseand the potential for value addition
from MGs across the VCa. production, processing and end user marké&tkese are summarised in Tabld&ow. The

rest of this section lookat the mainsupply and demand drivefer these businessesnd the key technical and economic
considerations fothesePU businesdViore detailed analyses of the individual VCs are provided later on in this chapter.
For amore detailed overview of the potential for these PU businesses in the 15 selectediesuptease see Chapter 5
and Appendix A

Table3: Common characteristics of cereals and fisheries businesses and opportunities for MG vatiiteoad

Dominated by smallholder farmers with typic{{ Utilisation of electricity to improve
land holdings of less than 10 hectares p production (e.g water pumping services fo
household for cereals, and smaéicale low irrigation of cereals like rice, or fofish
quality equipment for fishing. breeding in aquacture).

Production is highly depelent on weathefe.g. |1 Mechanisation of manual postharvest
rain-fed cultivation of cereals and inland g activities such as cleaning angyohg for both

marine fish capturg cereals and fish.

Production For cereals,any increase in productivity iS Replacing diesddased or manualkpperated
mainly driven byan increasein the cultivated machinery used inpostharvest activities
area rather than improved inputs. such aghreshing and winnowig of cereals,

o and icemakingto preservefish.
Postharvest/postcapture  activities  €.9.

cleaning and drying of cereals or fish,
threshing and winnowing of cereals) are ofte
done manually.

Processingis done manually ata household [ Replacing manual and diedehsed activities
level or using diesglowered machinery at in commonly practised processing.
small to mediumscale leved. There is astrong

correlation between the high amount spent o I MGs to provide electreity to existing small
Local fuel and the prices of processed pras. local servicebusinessesor provide services
Processing directlythemselves where thgdo not exist

Common processing activitiedor cereals
includede-hulling and millingFish is commonly|
processed through drying, srhimg, salting and
filleting.

10



Characteristics MG Value-Addition Opportunities

Consumed at household level as staple foods Further valueaddition through introduction
of less commonly pracid activities such ag

Growing demand forgood quality, readyto- grading and packagirgf products
cook products, particularly from urban
End user .
households. 1 Introduction of new products such dscally
MEGS i
) ] B produced animal feed and products froni
Growing demand for animal feed, proing a secondary processing activities such 3

potential market for byproducts of processed bakingandfrying.
commodities.

4.1.1 Marketdrivers
Qpply-side drivers

1. Weatherand seasonality

The cereals and fishebusinessegare vulnerable to local weler conditions whichoften leads to variable suppliesid
volatile pricingTheytend torely on rainfed production, rather than irrigation or aquaculture, and suffer from inadequate
storage facilities angreservation serviceghey are also vulnerabte annual variationsn growing seasons andimate
changemore generallyThis in turn affects local prices of raw and processed prodscighat they ardower during
harvest, when there is a surplus, and higher during the rest of the year due toreaded supply and an increase in
storage costs.

In Zambia, for example, local prices for maize grain fluctuatepoly 80% between the harvest and lean seasons, while
maize meal prices fluctuate by about 108tving to fluctuations in grain availabilityh@ storage costgKeyser 2007,
Chapoto, et al. 2010Yimbabwehas historically experiencemtop losseshree years out of fivelue to uncertain weather
conditions(USAID 2014, 28)

In the fisheries sector,auntries such as Madagascar and Mozambique are prone to tropical storms and cyelbiobs
affect water levels and water salinifgr aquaculture productior{Satia 2017)Fish pricesherefore often fluctuate with
rainfall variability Poor storageand preservation at village leviel Ugandaand Tanzaniaompel farmers teell fish at low
prices during peak fishing seasansrderto reduce losse§Akande and Digduadi 2010) Thisis also the case irainy
seasonsvhen there is lessunshine tgpreservecertain types of fistthrough drying.

2. Agricultural and trade policies

Cereal and fish products are nlyssold locally withincountries or across neighbouring countricdone SSAegions®
have liberalised trade fdocally produced commoditgand put in placeommon external tariffs fothe export and import
of these commaodities.

Governmentshowever, tend to monitor movements of agricultural produstor reasonsof food seurity and can place

ad hocor longterm restrictions onimports, processing and expa&tCountries such as Ethiopia, NigeZambia and
Zimbabwehaveoccasionallymposedimport and export bans fanaize and othestaple foods in order to encourage local
production and trading. IZambiathere have beerirequent changes in the governmenbntrolled maize marke, for
examplel KS C22R wS&aSNWS ! 3Sy 0eé QandaiSorekport contizisiegtimg tbingréasedpBce f A Y

10 Examples includeEENSAD: Community of Sakehharan States; COMESA: Common Market for Eastern and Southern Africa; EAC
East African Community; ECCAS: Economic Community of Central African States; ECOWAS: Economic Communitgari West Afri
{41 GSAT {!5/Y {2dziKSNYy ! TNAOI y BIS@ED 2012y26)hds more iMfafmagion drétreding b / ¢
agreements in theseegions
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volatility, higrer marketing costs andncertainty (USAID 2017)Governmentimposedtrade barriers on fish feedr
restrictions on local fishing cdead to higheicost inaquaculture productiorand locally traded fish.

Demand-side market drvers

1. End-use

Products that serve multiple end user markate likely to be more desirable due to the diversification of. i&reals
for example can be consumed in both grain and processed form in househmidgiding PU opportunities in local
procesing and packagin@he valueof some cereals such as maize and negy varydepending on the quality or grade
of the processed producOther forms of demand include production of local beverages from ceradsanimal feed
production from the byproducts of cereal and fish processing. It may also be possihlee agriculturalvasteproducts
andresidues for energy production, but this is beyond the scope of this report.

2. Population growth

Population growthparticularlyurban growth is likely to in@asedemand forfish andcerealproducts. For example, fish
consumptionin SSA is expected to incre&®89% by 203@ue to population growti{Gordon et al. 2013)ncreasesn
urban householdincomes and related dietary changes are also likelyiriorea® fish and cerealconsumption Urban
growth has driven uglemand for readyto-cook sorghum and millet products such as flour miased certain street foods.
In Mozambique urban growthis expected tancreasedemand for poultry by up to 300% in tkemingyears, which will
have a knoclon effect on demand for poultry feednd demand for cerealdJSAID 2018)

Commonchallenges

1. Poorinfrastructure

Poorqualityinfrastructure in the rural areas has a negative impgatthe availahlity of cereals and fisland on the quality
of processingand end use products. This problem can take many forms, inclloimgjuality road networks@and high
transportation costslack of storage and preservation facilities, poor quality processingewpiit, and lack of access to
and unreliability oklectricitysupply.

Take the example of ricen Cameroonrice is mostly sold iits unprocessed and naturphddy form to local and regional
markets due tdow qualityprocesing equipment.i/ & S reRg@ddigels often exported to Guinea for hulling and
parboiling due to the poor equipment and unreliable electricitly Senegal, gor transportlinks isolatehe southern rice-
producing regionsf the countryfrom the surrounding urban consumer rarkets

Similar problems apply to fisheridsish losses in S&Fe estimated to be over 25% of total caichSSAGordon, Finegold,
et al. 2013, WorldFish Center 2009, Satia 2017, Kolding, et al),8dly because of problems with storage and
preservation, packaging, drying, processing, transportation and electtidityis affectdish quality, making it difficult to
market fish and fish products outside the local ar@ecording to the WorldAmsCenter (2009), improvegdrocessing
technologies and marketing could reduce pbsirvest losses by over 50%.

2. Lack ofquality standards andupply chaimegulations

Productpricesin rural marketsare oftendeterminedby quality spotchecksconductedby local actors at points of sale.
Formal quality standards for raw and procesdedal productsare rare particularlyfor cereas. The lack offormal
standards andupply chairregulationsfor local productanake regional trading of products such as rice fisd more
difficult. Fishing regulations are also important to avoid ewatching of fish and typicaligclude registration and licensing

11 Akande and DiegDuadi(2010)provide an interesting oveigw of fish losses in Mali, Uganda, Ghana, Kenya and Tanzania and their
micro economicimpacts on each country.
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of fishermen and fish farmerglus ruleson fish capture equipment, the use ofiemicals, andhe minimum permitted
size of fish for capture and sale.

3. Limited access to finance

Many small, rural businesses cannot afford the high upfront cost of purchasing equipment required to produce highe
quality products due to the low volume of products handled and the relatieglymargins available. They are also often
unable to access local finance to leguipment and some MGs are trying to get round this problem by offering appliance
financing schemes.

Akande and Diegbuadi 2010 highlight the financial challenges prevenitiegl fishermen in Uganda, Ghana and Tanzania
taking advantage of newost-harvestandpost-capturehandlingtechniquessuch as icenaking, offgrid refrigeration, on
board use of ice and appropriate drying metho&milar challenges are faced by smadeolfarmers carrying outice
processing in Cameroon a@bteR QL @2 A NB ©

4.1.2 Technical and economic considerations

Technical considerations that may affect the viability of a PM®business include

1 Seasonatlemandvariations. Demand for some machinery, $uas mechanical driers, shelling and winnowing
machinestendsto vary seasonally, with higher demand experienced during harvest sedsim#nportant to
take accountof this fluctuation in demand when designing tN&G system.

9 Load schedulingnd sheddig: Load management ignportant to ensure reliable power supply and minimise
technical issues. It igarticularlyimportant for MGs supplying power tmachinerywith relatively highpower
ratings and spiky usage patterns suchraléing and ice making mhames.Such machines draalot ofpower from
the gridand candisrupt supply to otheMGloads particularly during peak demand hours or when there is lower
availability of renewable resourcesgenight time on a solar MGTo prevensuch eventdrom hagpening MG
operatorscan schedulespecific times in the day faperation ofthese machines (load scheduling) or disconnect
them during peak hours of demand (load sheddifig)

1 Mini-grid design to match machinery requiremernitechoice betweera singlephaseor three-phaseMGsystem
depends on the types ofmachineryto be connected. Threphase systemare generallybetter suited for motor-
driven machinery such as milling machines and water puimpsrigation or for supplying water t@e making
machine$®, while singlephase systemgan work for smaller loadssuch as mechanical dryerShreephase
systemscan costup to 20% more to buildhan singlephase systers) due tothe additional parts needed for
transmission and distributiofe.g. cables, poles, iatters and metersand thehighercost of connecting individual
customers.However, threephasesystemsallow for growth in demandoecause they caaccommodate larger
machinery from the same customers without needing to change the entire transmissioristriiution network.
Threephase power also reduces power losses along the distribution network.

1 Machinery replacement~ollowing on fronthe two pointsabove there may be a case foepladng existingPU
machineswith more energyefficient ones. Most siriascale cereal and fish feed millefsr example use diesel
powered milling machineslo connecthese mills to a MG system, they would either have tocbaverted to
motor-driven mills or replaced with electric millsithoughthe costs of conversionra lower than replacement
it is important for motordriven mills to selecthe right type and size of motor to avoid damaging the milling

2 These strategies are examples of demand side management, which aims to achieve a balance in demand and supply of power ir
the MG system. FortnNB A Y F2NX I GA2y 2y GKAAZ LI SIF&S NBTFSNI (NRELG Eriengyg4e n
Impact 2018, 14)
Bt is advisable to consider thrgghase power supply for machinery requiring large motorsvafr horse powe(NREL & Energy 4
Impact 2018)
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machines and, to somextent, affecting the MG systent“. In addition, there already exist electrical milling
machinessuitable for use in ofgrid rural areas in S&hdcapable of working efficientlwith MG power.

9 Sitespecific energy requirementSome activities, such as dryifggrains or fiskand shellingf grains often take
placeat or close to the point of prduction/harvest Battery-backed, portable machinesay be a more attractive
option whereelectricity distribution from theMG to the sites is not technically or economically practiCalre
should however be taken to avoid exposing the batteries to frequsep discharges, which could potentially
reduce their life cycle. A charge controller could help in this regard. Users must also be trained to switch of
machinery whenever a deep discharge occurs. In addition, scheduled maintenance of equipmentreslyequi
especially to replace parts such as batteries or DC brushes where DC machinery is being used.

9 High startup current Irrigation pumps, riling, shredding, shellingnd winnowing machines, and other large
loads typically have high stamp current reqirements®. A manual starter or a starting current limitcan help
minimise the effect®f thison the MG system

141t costs about $500 to convert a dieggwered milling machine into an electric motdriven machine, compared to about $2,000
to replace the milling machine with an electdne. NREL & Energy 4 Imp42018, 28)provides a technical and economic
comparison between these two options for a maize milling machine.
15 For more information, see Tables 3 to SNREL & Energy 4 Impact (2018)
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4.2 Maize

Maize is the most commonly producedreal in SSAaking upover 16% of the approximately 200 million hectaoé
cultivated landon the continent(Macauley 2015)It can growunder diverse ecological conditions and is consumed in
many forms, making it adaptable to household diets aceosange of cultural settings. Figure 2 shows the main activities
in the rural maize VC in SSA, including productmeal processingnd marketing

Production Local Processing Marketing

Local traders & retailers
Wholesalers & supermarkets
Institutions

Households

Animal feed and food processors

* Farmers
Key Actors * Local traders

* Smallholder farmers

+ Cooperatives .
P *  Millers

Wet milling & brewing

| 5
(beverages)
De-hulling & dry milling S |+ Flour fortification

Grading & packaging
(packaged maize grain)

Drying, shelling & (Whole meal maize flour or (fortified maize flour)
R refined maize flour)
winnowing . L - —_ Cereals production (cereals)
(Shelled maize grain) | Baking (baked products)
V4 a
Value Chain — PR R ) | **Animal feed production
PRSP | === .
(Ac;::It‘:the:) : | I.I:_\.I ] (animal feed)
1 I 1
v : *
1
v

______ Making popcorn
177" J ________________ > (popcorn)

Storage A

*Animal fodder production
> (Maize stalk)

——————— Common value chain activities *Animal fodder is commonly made by shredding maize stalk and combining it with other

------------ -+ Less common value chain activities organic material.
**Animal feed is commonly made from the maize bran produced after de-hulling of maize

grain. It is often finer than animal fodder and is combined with other industry standard
nutrients.

Figure2: Maize value chain in SuBaharan Africa

4.2.1 Production

Most of the maize produced in SSA comes from smallholder farmetal production of mae in 2015 was about 64
million tonnes,with yieldsrangingfrom 1.2to 3.5 tonnes perhectare Maizeis often grown in close proximity to other
crops, eitherother cereals (mostly iRastern and Southern Africa) mots and tubers (mostly in Western #&fa). Mostof
the maizeis rainfed (.e not irrigated) and produced using maal inputs.Productionis higher inEasternAfricaand
SouthernAfrica compared tdCentral Africa and Western Africaith the first two regions accounting for abodb% of
productionin SSA; seeFigure3 and Figure dbelow.
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Figure3: Maize production and yield in SSA regions (2015)
Source: FAOSTAT 2015

Figure4: Major maize producingountries in SubSaharan Africa

Source:Harvest Choice

Ethiopia,Nigeria,Zambia, Uganda, Mozambique, Cameroon, Mali, Burkina BesDRC, Zimbabwe af@bteR QL @2 A NB
in the top 20 major maize producing countries38AMacauley 2015)Ethiopia, Nigeria and Zambia are traditionally
surplus maize producersxporting maize to neighbouring countries within their respeatagions Figure5 showsmaize
production inour focuscountries.
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