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EXECUTIVE SUMMARY 

Light industry and small businesses ς so-ŎŀƭƭŜŘ ΨǇǊƻŘǳŎǘƛǾŜ ǳǎŜǊǎΩ όt¦ǎύ ς are a key factor in the success of village-based, 
green mini-grids (MGs) in Sub Saharan Africa (SSA). In most cases MGs are not able to reach a sufficient level of sales from 
private households to secure their financial viability and so have to sell to PUs. However, without linkage to and support 
for PUs, MGs are likely to struggle to increase local commercial uptake of electricity to achieve the critical mass of sales 
required. This report aims to start addressing this problem by mapping potential PU businesses for MGs in 15 African 
countries. 

TƘŜǊŜ ƛǎ ƴƻ άƻƴŜ ǎƛȊŜ Ŧƛǘǎ ŀƭƭέ model for PUs and MGs. However, the most successful models are usually centred upon the 
business needs of local PUs and foster the development of new PUs around existing value chains (VCs), in order to increase 
productivity or the value of goods sold. This report focuses on those parts of the VC for village-based businesses, namely 
local production, local processing and local or regional end user markets. 

The kinds of productive activity that are of most interest to MGs fall into the following broad areas:  

¶ Agricultural production, such as irrigation pumping and post-harvest storage; 

¶ Aquaculture production, such as fish breeding;  

¶ Agricultural processing, such as milling, husking, cooling, pasteurisation, drying, juicing, pressing, grinding, pulping 
and roasting; 

¶ Light manufacturing, such as saw milling, carpentry, welding, brick-making, tailoring and looming; and 

¶ Access to end-user markets, enabled by ice-making and cold storage. 

A Scope of the Report 

The report focuses on PU activities in 15 African countries, namely: Burkina Faso, Cameroon, the Republic of Congo, Côte 
ŘΩLǾƻƛǊŜΣ ǘƘŜ 5ŜƳƻŎǊŀǘƛŎ wŜǇǳōƭƛŎ ƻŦ /ƻƴƎƻ ό5w/ύΣ 9ǘƘƛƻǇƛŀΣ aŀŘŀƎŀǎŎŀǊΣ aŀƭƛΣ aƻȊŀƳōƛǉǳŜΣ bƛƎŜǊΣ bƛƎŜǊƛŀΣ {ŜƴŜƎŀƭΣ 
Uganda, Zambia and Zimbabwe.  

It identifies 43 different types of off-grid PU activity that are relevant for village-based MGs (see Table 1). It provides in-
depth analysis on those sectors which offer the greatest opportunities for MGs to electrify PU activities, namely cereals 
(maize, sorghum and millet, and rice) and fisheries (fish capture and aquaculture). 

The report is divided into four main sections: 

¶ Methodology: sets out the criteria for selecting VCs and methods of analysis. 

¶ Gaps in knowledge and data: identifies challenges in data gathering and recommends how to address gaps. 

¶ Value chain and PU analysis: describes the key actors, drivers, trends and challenges for rural VCs within the 
cereals and fisheries sectors, including possible entry points for MGs. 

¶ Country mapping: shows economic data, energy data and PU VCs for each country, with maps indicating off-grid 
areas that might be suitable for MG development. 

It should be noted that the report is focused on PU activities for village-based mini-grids, rather than utility-scale mini-
grids, which sell to larger manufacturing, processing and consumer businesses, and are likely to target regional, national 
or even international markets. 

B Analysis and data inefficiencies 

Much of the research for this report is based on literature on rural VCs and productive use of energy (PUE). One of the 
biggest challenges in this research has been the lack and inaccuracy of data such as: 

¶ Limited economic information on PU VCs at a local level e.g. costs and revenues of typical PU businesses, up-to-
date information on product prices or processing or service charges, and points of competition along the VC. 



iv 
 

¶ Inadequate information on technical and economic implications of electrification of PUs by MGs e.g. technical and 
cost implications for MGs in mechanising manually operated activities or replacing diesel-powered machinery, 
potential for introduction of value-addition activities to improve the quality of existing products or diversify 
outputs from local processing, and broader business model considerations. 

¶ Lack of up-to-date national electrification maps showing existing grid networks, off-grid areas with MGs and areas 
not yet electrified. 

The report can only provide a high level overview on what is happening in each country. Developers will still need to carry 
out their own due diligence on the ground on local PU activities. They will also probably need to develop targeted business 
development services for local entrepreneurs and make grants or micro-finance available to stimulate investments in 
income-generating equipment. 

C Value chain activities for cereals and fisheries 

Local production of cereals and fishing in rural communities in Africa is typically dominated by smallholders. Their 
businesses tend to rely on rain-fed production and are very vulnerable to weather, leading to variable supplies and volatile 
prices. Inefficiencies in production and post-harvest handling, combined with a lack of proper storage and preservation 
facilities, often lead to losses in product quantity and quality. 

Local processing is typically done in small quantities, either carried out manually or using artisanal, diesel-powered 
machinery, which is expensive to run and often unreliable. It is often hindered by a lack of appropriate electrical equipment 
and reliable sources of power. Furthermore, many small businesses simply cannot afford the cost of the equipment or 
access local financing for it.  

Most products are sold to private households and local markets. Some maize and fish products are targeted at larger 
consumers and more distant markets. The scope for trade outside the local area is hampered by many factors such as: the 
poor road infrastructure; the poor quality of local products and lack of standards; uncertainty around local trade practices 
and volatility of product prices; and the poor integration of rural actors in the national value chain. Opportunities to 
broaden end user markets are emerging through: changing consumption trends; increases in urban population and 
household purchasing power; demand from cross-cutting sectors such as the animal feed and beverage markets; and 
growing cross-border trade. 

D How MGs can add value to cereals and fisheries 

Electrification by mini-grids can add value to production of cereals and fisheries, both on cultivation through irrigation of 
crops or fish aquaculture, and on post-harvest activities such as the drying of cereals and fish, and the threshing and 
winnowing of cereals. One of the challenges is that such services are typically needed in field locations which may be some 
distance from the villages, so developers have to decide whether to extend the mini-grids or use portable equipment. 

Electrification can support local processing activities such as the cleaning of cereals and fish, and the de-hulling and milling 
of cereals. Most machinery used for such activities has a high energy requirement and this needs to be considered when 
designing the mini-grid and the operation and maintenance strategy. Post-processing activities that may be supported 
through electrification include local packaging, energy production from agricultural residues and local production of 
animal feed from the by-products of processing. Depending on local markets, electricity may also be used for the 
production of baked, cooked or fortified products. 

MGs can add value through non-electric activities such as centralised storage activities (the lack of which contributes 
significantly to post-harvest losses), the provision of business development support (including basic business and financial 
advice, dissemination of market information and help addressing 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 business 
and offer services such as milling or fish to the local community.  
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1 INTRODUCTION 
1.1 Background 

Productive use of energy (PUE) plays a critical role in the development of many village-based green mini-grids (MGs) in 
rural communities in Sub-Saharan Africa (SSA). Private households in these areas typically consume low amounts of 
energy, so MGs may not be financially viable without connecting to income-generating users of energy. These so-called 
άǇǊƻŘǳŎǘƛǾŜ ǳǎŜǊǎέ όt¦ǎύ Ƴŀƛƴƭȅ ŎƻƳǇǊƛǎŜ ǎƳŀƭƭ-scale, local manufacturing, commercial or retail businesses. 

This report maps the opportunities for PUE for MGs in 15 African countries ς Burkina Faso, Cameroon, the Republic of 
Congo, Côte ŘΩLǾƻƛǊŜΣ ǘƘŜ 5ŜƳƻŎǊŀǘƛŎ wŜǇǳōƭƛŎ ƻŦ /ƻƴƎƻ ό5w/ύΣ 9ǘƘƛƻǇƛŀΣ aŀŘŀƎŀǎŎŀǊΣ aŀƭƛΣ aƻȊŀƳōƛǉǳŜΣ bƛƎŜǊΣ bƛƎŜǊƛŀΣ 
Senegal, Uganda, Zambia and Zimbabwe. It identifies the most important PU value chains (VCs) for MGs and describes the 
main production, processing and end user market activities where electrification through the MGs can add value. 

Energy 4 Impact and Inensus όǘƻƎŜǘƘŜǊ ǘƘŜ άIŜƭǇ 5Ŝǎƪέύ were contracted by the African Development Bank όά!Ŧ5.έύ to 
produce the report under the Business Development Services Line of the Green Mini-Grid Market Development 
Programme. The report is one of a series being produced by the Help Desk. Other relevant reports currently in production 
include one on demand side management best practice and another on billing strategies. 

1.2 Report structure 

Chapter 2 explains the methodologies used for: identifying the most common rural VCs across the 15 countries; analysis 
of the value chain activities; and mapping out areas and activities suitable for integration into MGs. 

Chapter 3 reviews available literature on VC analysis and PUE in the relevant countries, identifying knowledge gaps. 

Chapter 4 analyses four of the most important VCs for MGs across the 15 countries, namely maize, sorghum/millet, rice 
and fisheries. It highlights activities along those VCs which represent opportunities for MGs. It includes key technical and 
economic considerations and identifies gaps in data. 

Chapter 5 provides macro-economic and electricity data and maps on the 15 countries and identifies potential 
opportunities for PUE from mini-grids, focusing on the cereals and fisheries sectors covered in Chapter 4. 
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2 METHODOLOGY 

This chapter outlines the tools and methods used to analyse the different PUs and VCs and to identify value-addition 
opportunities for village-based MGs.  

2.1 Scope 

The report focusses on opportunities for small-scale PU businesses with isolated rural village-based MGs in 15 selected 
African countries. 

It is targeted at developers of small to medium-sized solar MGs, with a capacity of a few hundred kilowatts or less. These 
MGs are generally able to handle appliances with a capacity of 10 kilowatts or less.1 

Due to the broad geographical remit of the report and the heavy reliance on publically available data, most of the country 
information relates to the administrative regions or counties of the selected countries, rather than smaller districts or 
villages. The report is therefore not a substitute for developers carrying out their own due diligence at a local level. 

In order to make the report as relevant as possible for MG developers, we have focused on PU VCs that meet two tests. 
First, they already exist in off-grid areas or can easily be introduced. They are likely to primarily serve local markets, but 
may also serve more distant markets. Second, they have high potential for value-addition through access to electricity and 
are likely to have a broad range of electrical load requirements. 

In this report, we have identified 43 commodities where value can potentially be created through electrification by rural 
MGs in the 15 selected countries ς see Table 1. We have carried out a detailed analysis on the potential for value addition 
with five of these commodities, namely four cereals (maize, sorghum and millet, and rice) and fish (including fish capture 
and aquaculture). These five commodities were selected because they are relevant for most of the selected countries. If 
we had more time, we probably would have included other commodities in this analysis such as shea nuts, ground nuts, 
and cassava. We have classified the crops using the FAO2 system ς see Appendix D. 

 

Table 1: Commodities with potential for PUE from rural, village-based mini-grids by country 

 Commodity/PU Business Countries (see notes below) 

Cereals 

Maize COG, DRC, MOZ, NGA, UGA, SEN, ZMB, ZWE  

Sorghum BFA, DRC, ETH, MDG, MLI, MOZ, NER, NGA 

Millet  BFA , MLI, MOZ, NER, NGA, SEN 

Rice BFA, DRC, CIV, CMR, COG, MDG, MLI, NER, NGA, SEN 

Wheat BFA, ETH, ZWE  

Vegetables and 
Melons 

Tomatoes SEN 

Pineapples CIV, DRC, UGA 

Mangoes CIV, SEN 

Bananas / Plantain CIV, COG, CMR, DRC, MDG 

Dates BFA 

Figs BFA 

Cashew nuts BFA, CIV 

Oilseed Crops 

Coconuts BFA, CIV, DRC 

Oil palm BFA, CIV, COG, DRC  

Groundnuts BFA, COG, DRC, MDG, MLI, MOZ, NER, SEN 

                                                           
1 Most PUE activities covered in this report work with single-phase or three-phase AC-type connections, and a few would also be 
suitable for DC connections on a small scale. NREL & Energy 4 Impact (2018, 18-23) provide more information on MG system sizing 
and design for PUs. 
2 Food and Agriculture Organisation of the United Nations 
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 Commodity/PU Business Countries (see notes below) 

Shea nuts BFA, CIV, CMR, ETH, MLI, NER, NGA, UGA, SEN 

Sesame seeds BFA, ETH, NGA  

Sunflower UGA 

Soya beans ZMB, ZWE 

Root/ Tuber Crops 

Irish potatoes MDG, MLI  

Yam CIV, COG, NGA 

Cassava BFA, CIV, COG, DRC, MDG, MLI, MOZ, NER, NGA, ZMB 

Beverage and Spice 
Crops 

Cocoa beans CIV, COG, MDG, NGA 

Coffee beans CIV, COG, DRC, ETH, MDG, UGA 

Tea DRC 

Cola nuts BFA, CIV, DRC  

Vanilla MDG, UGA 

Leguminous crops 
Beans CIV, COG, DRC, MDG, SEN 

Cowpea BFA 

Sugar Crops Sugarcane BFA, COG, DRC, MLI, MDG, SEN 

Other Crops 

Cotton BFA, CIV, MDG, MLI, NER, SEN, ZMB, ZWE 

Rubber plant CIV, COG, DRC 

Tobacco BFA, COG, ZWE  

Livestock - Products 
from Slaughtered 
Animals 

Cattle meat CIV, ETH, MLI, NER, SEN, UGA, ZWE 

Goat meat MDG, MLI, NER, SEN 

Pig meat/ Pork SEN 

Chicken meat MDG, NER, SEN 

Hides and Skins ETH, MDG, ZWE  

Livestock - Products 
from Live Animals 

Dairy (milk, cheese, yoghurt, 
butter) 

ETH, UGA 

Fisheries 
Fish capture CIV, CMR, DRC, MLI, MOZ, NGA, SEN, UGA 

Aquaculture MDG, NGA, UGA, ZMB, ZWE 

Quarry and Mining 
Cement and bricks COG, MDG, NER  

Metalwork MDG 

Timber Woodwork COG, MDG, UGA, ZMB 

Note 1 

Country abbreviations (World Atlas): BFA ς Burkina Faso; CMR ς Cameroon; COG ς Republic of 
Congo; DRC - Democratic Republic of Congo; CIV ς /ƾǘŜ ŘΩLǾƻƛǊŜΤ 9¢I ς Ethiopia; MDG ς 
Madagascar; MLI ς Mali; MOZ ς Mozambique; NER ς Niger; NGA ς Nigeria; SEN ς Senegal; UGA ς 
Uganda; ZMB ς Zambia; ZWE ς Zimbabwe 

Note 2 
This list is not exhaustive. It is based on public information on commodities/PU businesses already 
existing in rural, off-grid areas in the relevant country. Clearly, there may be potential to introduce 
new commodities/PU businesses to such areas. 

Source: Authors, various literature 

While the information in this report is useful in determining the high level viability of a MG project, it should not be looked 
at in isolation. To assess the viability of MG sites at the village level, developers also have to consider local electric 
connectivity and distance to the main grid, competitiveness versus alternative energy sources (diesel engines or solar 
home systems), the level of existing entrepreneurship and value addition activities, the logistics for access to appliances, 
the quality, affordability and power rating of those appliances, access to markets for the existing VCs, access to local 
finance for PUs, and the availability of local business development service providers. 
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2.2 Definitions 

For the purposes of this report: 

A MG is a set of small-scale renewable or hybrid electricity generators and possibly energy storage systems connected to 
a distribution network that supplies electricity to a small, localised group of customers and operates independently from 
the national transmission grid. 

PUs are small or micro local businesses, typically active in agriculture, fishing, light manufacturing, or small commercial 
and retail trading. 

PUE is use of energy by those businesses and other consumers to increase income, productivity and quality of life3.  

A VC refers to all activities that add value to a commodity or service from production through processing to marketing and 
end-user markets4.  

2.3 Sources of information 

The data for this report comes from two main sources: 

¶ Publicly available information: We have carried out a literature review and desktop research using public 
information sources. The main sources were government ministries (e.g. of agriculture, trade and energy), rural 
electrification agencies, trade associations, chambers of commerce, private companies, private sector 
development directories, financial access organisations, universities, research institutes, NGOs and development 
organisations5. 

¶ On-the-ground experience: We have drawn on the on-the-ground experience of Energy 4 Impact and Inensus who 
have provided technical assistance to over 100 developers across 36 countries in SSA, both directly through the 
Help Desk and other programmes. The Help Desk has supported developers in all but one of the 15 selected 
countries, the exception being the Republic of Congo. 

2.4 Mapping process 

We have followed a three-step process for mapping the most interesting PU businesses for MGs in the 15 selected African 
countries ς see Figure 1 below. 

                                                           
3 This covers both the narrow definition of PUE under which electricity is used as a direct input for income generation and 
productivity (Contejean and Verin 2017, GIZ and EUEI PDF 2011, European Commission 2011) and the broader definition under 
which electricity is used to improve the socio-economic wellbeing of a community (NREL & Energy 4 Impact 2018, Lecoque and 
Wiemann 2015, Webber and Labaste 2010, NRECA International n.d.). 
4 For information on different types of VC, see https://www.ids.ac.uk/ids/global/pdfs/VchNov01.pdf. 
5 Some development organisations have been actively involved in facilitating the development of rural agricultural VCs in SSA. 
9ȄŀƳǇƭŜǎ ƛƴŎƭǳŘŜΥ ¦{!L5Ωǎ /hat9¢9 ǇǊƻƎǊŀƳƳŜ ǿƘƛŎƘ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴ ǎǘŀǇƭŜ ŦƻƻŘǎ ƛƴ YŜƴȅŀΣ ¦ƎŀƴŘŀΣ ¢ŀƴȊŀƴƛŀΣ 9ǘƘƛƻǇƛŀΣ .ǳǊǳndi 
and Malawi (https://www.eatradehub.org/old_project_compete?page=1ύΤ ¦{!L5Ωǎ Dƭƻōŀƭ CƻƻŘ wŜǎǇƻƴǎŜ ǇǊƻƎǊŀƳƳŜ ǿƘƛŎƘ Ƙŀǎ 
analysed the rice value chains in Senegal, Nigeria, Liberia, Mali and Ghana (http://www.fao.org/sustainable-food-value-
chains/library/non-learning-packages/details/en/c/274711ύΤ ¦{!L5Ωǎ C9²{ b9¢ ǇǊƻƎǊŀƳƳŜ ǿhich provides updates on agricultural 
production and markets in SSA that are vulnerable to severe climatic conditions such as drought (http://fews.net/ύΤ ŀƴŘ ¦b5tΩǎ 
DIMAT programme which has analysed rice, beans and cassava value chains in Uganda (https://www.kilimotrust.org/DIMAT.pdf). 

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
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Figure 1: PU mapping process 

2.5 Value chain analysis 

In this report, we have analysed the VCs for five commodities, namely maize, sorghum, millet, rice and fish. For each of 
these commodities, we look at the main activities, players and equipment along the VC and the key business drivers e.g. 
weather, local infrastructure, and local trading arrangements. We break the VCs down into three main stages i.e. 
production, processing and marketing or end user markets6: 

¶ Local production includes cultivation of cereals, fish capture or aquaculture and post-harvest or post-capture 
handling. 

¶ Local processing includes all activities that transform basic commodities into more valuable products. We have 
broken these down under two main headings: 
i) Primary processing transforms raw commodities into primary products (e.g. milling cereals into flour, 

drying or smoking of fish) 
ii) Secondary processing transforms primary products into higher value and more marketable products (e.g. 

baked products made from cereal flour, or fillets created from gutted fish) 

¶ Marketing includes all activities carried out to sell end user products. 

Some players operate across the entire VC or are involved in multiple businesses. For example, many local traders of 
maize, sorghum and millet are involved in the production, processing and marketing of the cereals, selling them directly 

                                                           
6 For a more in-depth look at VCs and the main stages of value addition, please refer to DL½Ωǎ άValueLinksέ ƳŀƴǳŀƭǎΣ YL¢Σ CŀƛŘŀ aŀ[ƛ 
and LLwwΩǎ άChain Empowermentέ ǊŜǇƻǊǘΣ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ άAnalysis and Development of Inclusive Value Chainsέ 
information note, and ǘƘŜ LƴǘŜǊƴŀǘƛƻƴŀƭ [ŀōƻǳǊ hǊƎŀƴƛǎŀǘƛƻƴΩǎ άRough Guide to Value Chain DevelopmentέΦ ¢ƘŜǎŜ ŀǊŜ ŀƭƭ ƭƛǎǘŜŘ ƛƴ ǘƘŜ 
Bibliography. 
 

Identify PU 
businesses by 

country

ωIdentify all types of PU businesses relevant for MGs in Africa

ωIdentify main PU businesses by country by reviewing literature and public data

ωFocus on small, local, village-based businesses that can benefit from access to electricity

ωIdentify any gaps in information

ωSee Chapter 3

Analyse top 4 PU 
value chains

ωIdentify top 4 PU businesses that apply to all 15 countries, i.e. 3 cereals and fisheries

ωAnalyse and map the VCs around these businesses, particularly at village level

ωAnalyse local production, local processing and marketing and assess the value-addition opportunities for 
electrification by MGs at each stage of the VC

ωOutline the techno-economic considerations when connecting these PU activities to MGs

ωSee Chapter 4

Map PUs against 
off-grid areas by 

country

ωMap location of most important PU businesses and VCs against off-grid areas by country

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

ωSee Chapter 5
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from the farm in grain form or as flour after local processing. Given the similarities in the processing methods, traders can 
potentially also use the same equipment for all three cereals. 

2.6 Value addition opportunities for MGs 

We have identified four ways in which electrification by MGs can potentially add value to PU businesses: 

¶ Increasing productivity by replacing manual labour with electric equipment; 

¶ Lowering costs and improving efficiency by replacing diesel-based equipment with electric ones; 

¶ Increasing the value and improving the quality of existing products e.g. finer quality flour and less broken rice; and 

¶ Diversification of end user products e.g. baked and fried goods from cereal flour. 

MGs can add value through non-electric activities such as centralised storage activities (the lack of which contributes 
significantly to post-harvest losses), the provision of business development support (including basic business and financial 
advice, dissemination of market information and help addressing 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 business 
and offer services such as milling or fish to the local community.  

One of the key questions in relation to value addition is the choice of electrical equipment. This report therefore considers 
the technical considerations and economic implications of using different types of equipment and their suitability for 
connection to MGs. Appendix C summarises the technical considerations for small-scale off-grid cereal processing 
equipment. 

For a full list of the questions related to VCs, please refer to Table 2. 

Table 2: Value chain questions 

Analytical Focus Questions 

Market size and 
activities across 
the VC 

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

¶ What are the main activities and characteristics across the VC i.e. production, local processing and 
marketing? 

¶ Where are these activities located in each country? 

¶ Who are the key actors across the VC? 

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

Market trends 
and drivers 
across the VC 

¶ What are the major drivers of supply and demand? 

¶ What are the main trends and challenges across the VC? 

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

Opportunities 
for MG value-
addition 

¶ What PU activities are mechanised and/or dependent on electricity for operation? 

¶ What are the general load requirements for these activities? 

¶ How can MGs add value across the VC? 

¶ How do the PU activities fit in with the needs of a MG? 

¶ Are there any new PU activities that could be introduced into the VC, and what is the rationale for 
introducing them? 

¶ What PU activities can be taken up by the MG developers themselves as a new source of revenue? 

¶ What knowledge gaps exist and how can they be filled? 
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Analytical Focus Questions 

Technical and 
economic 
considerations 

¶ What are the technical factors that MG developers need to consider before electrifying identified PU 
activities? 

¶ What are the costs, revenues and value-addition considerations for PU businesses and MGs? 

¶ What knowledge gaps exist and how can they be filled? 
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3 GAPS IN KNOWLEDGE AND DATA 

There is plenty of high level literature on small PU businesses in SSA, explaining how to promote them, what challenges 
they face, and how they contribute to rural development. However, apart from a few case studies, there is very little 
detailed information on rural PU businesses or village-based PUE at the country level.  

This chapter summarises the main gaps in the knowledge and data. In the first section, we look at the information gaps 
on rural VCs for cereals and fisheries, including PUE. In the second section, we consider the difficulties in mapping PU 
businesses at a country level, and the limited information on the opportunities for PUE at village level. 

3.1 Gaps in analysis of cereals and fisheries value chains 

Lack of detail at village level. Most public data is compiled at a national or regional level, with limited information on local 
village-based economics. For example, there is little documented information on local demand and consumption of 
sorghum and millet, perhaps because the production and processing is carried out mainly by private households and very 
little is marketed outside the local area. There are also few concrete examples of small rural businesses pursuing value-
addition activities for rice beyond milling, even if theoretically there is potential for secondary processing activities around 
baking and beverages. 

Lack of detailed and up-to-date economic data on rural VCs. There is limited data available on the costs and revenues of 
local production, processing and marketing of small-scale businesses in cereals and fisheries. The problem is particularly 
acute for informally traded products and services and it is hard to find documented information on local trade practices 
and points of competition in the VC. In addition, these costs and revenues tend to differ in different regions within the 
country. 

Lack of price transparency, particularly for cereals. There is little transparency on farm gate prices for unprocessed 
cereals, the wholesale and retail prices of final products, and service or processing fees (e.g. toll milling). The same is true 
for fisheries, although the level of price transparency is higher than for cereals. The problem is exacerbated by the 
seasonality of pricing. Some MG developers have partly addressed this problem by setting up information and 
communication technology centres which provide online information on local pricing.7 

Lack of information and analysis on the interaction between markets. There are many interesting aspects of the cereal 
and fishery VCs that require further research. One is the dynamics of informal trade, both local and international (e.g. the 
informal maize trade between Mozambique and Malawi, or between Zambia and the DRC, and the informal rice trade 
between Côte ŘΩLǾƻƛǊŜ ŀƴŘ DǳƛƴŜŀ). Another is the impact of other sectors (e.g. how does the supply and demand of 
poultry and the related animal feed market affect the utilisation of maize, sorghum and fish?) Local and regional food 
policies can also affect demand and supply of cereal products. Some countries class certain cereals as strategically 
important and introduce local incentives and special rules on cross-border trade which directly impact the local businesses. 

3.2 Gaps in analysis of PUE within the cereals and fisheries VCs 

There has been very little detailed analysis published on the cereals and fisheries VCs which looks at PUE activities for 
MGs. What little has been published has tended to focus on the wider context of rural electrification (grid and off-grid) 
rather than MGs8. Below are examples of some of the most important information gaps: 

                                                           
7 Renewable World has developed a number of community-owned and managed micro-grids around Lake Victoria in Kenya which 
have ICT centres that provide information on local fish prices. 
8 DL½Ωǎ twh5¦{9 manual (GIZ and EUEI PDF 2011) provides a framework for planning, promoting and implementing PU components 
in rural electrification programs. It explores economic and value chain effects of PUE in an off-grid setting e.g. in production, value 
addition, market channels and consumers. 9{a!tΩǎ 2008 paper considers two approaches to developing VCs in rural areas. The 
systematic approach involves analysing technologies along the VCs, identifying bottlenecks and determining areas where electricity 
can be of benefit. The pragmatic approach involves leveraging on existing or planned projects in other development sectors located 
in the same areas and identifying ways that electricity could benefit these sectors. 



9 
 

Limited information on energy use in the agricultural sector. We found little information on the typical electricity needs 
of rural PU businesses operating along the cereal and fishery VCs in SSA and the business cases for electrifying such 
businesses. 

Limited information on using MGs to power value-addition activities. We were unable to find much public information 
in the selected countries on the performance of PU businesses as MG customers, how these businesses fitted into the MG 
business model, and practical examples of MGs taking on PU activities as a business9. Most of the information provided in 
this report ƛǎ ōŀǎŜŘ ƻƴ 9пLΩǎ ŀƴŘ LƴŜƴǎǳǎΩ own experience working with MG developers. 

Lack of detailed information on locally fabricated electrical equipment for use along VCs. There is little public information 
on the costs, load requirements and operating performance of locally fabricated electrical machinery used in the cereals 
and fishery VCs. 

3.3 Gaps in overall country analysis and PU mapping 

Most of the information on major production areas is based on administrative regions in a country (e.g. provinces, districts, 
etc.), rather than on specific areas within these regions (e.g. villages, towns etc.) where small-scale VC activities are most 
prominent. In addition, the information that we did find was too high level and often several years out-of-date. 

  

                                                           
9 One exception is Mandulis Energy in Uganda which offers milling services to local farmers. 
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4 VALUE CHAIN AND PRODUCTIVE USE ANALYSIS IN CEREALS AND FISHERIES 

This chapter takes an in-depth look at the some of the most important PU VCs for MGs in the selected African countries ς 
namely cereals (maize, sorghum and millet, and rice) and fisheries (fish capture and aquaculture). These PUs were chosen 
because of their presence in many rural village communities and the opportunities for value-addition activities for small-
scale businesses using power from MGs. 

4.1 Overview 

This section discusses common characteristics of the cereals and fisheries businesses and the potential for value addition 
from MGs across the VC i.e. production, processing and end user markets. These are summarised in Table 3 below. The 
rest of this section looks at the main supply and demand drivers for these businesses and the key technical and economic 
considerations for these PU business. More detailed analyses of the individual VCs are provided later on in this chapter. 
For a more detailed overview of the potential for these PU businesses in the 15 selected countries, please see Chapter 5 
and Appendix A. 

Table 3: Common characteristics of cereals and fisheries businesses and opportunities for MG value addition 

 

Characteristics MG Value-Addition Opportunities 

Production 

¶ Dominated by smallholder farmers with typical 
land holdings of less than 10 hectares per 
household for cereals, and small-scale low 
quality equipment for fishing. 

¶ Production is highly dependent on weather (e.g. 
rain-fed cultivation of cereals and inland or 
marine fish capture). 

¶ For cereals, any increase in productivity is 
mainly driven by an increase in the cultivated 
area, rather than improved inputs. 

¶ Post-harvest/post-capture activities (e.g. 
cleaning and drying of cereals or fish, or 
threshing and winnowing of cereals) are often 
done manually. 

 

¶ Utilisation of electricity to improve 
production (e.g. water pumping services for 
irrigation of cereals like rice, or for fish 
breeding in aquaculture). 

¶ Mechanisation of manual, post-harvest 
activities such as cleaning and drying for both 
cereals and fish. 

¶ Replacing diesel-based or manually-operated 
machinery used in post-harvest activities, 
such as threshing and winnowing of cereals, 
and ice-making to preserve fish.  

Local 
Processing 

¶ Processing is done manually at a household 
level or using diesel-powered machinery at 
small- to medium-scale levels. There is a strong 
correlation between the high amount spent on 
fuel and the prices of processed products. 

¶ Common processing activities for cereals 
include de-hulling and milling. Fish is commonly 
processed through drying, smoking, salting and 
filleting.  

¶ Replacing manual and diesel-based activities 
in commonly practised processing.  

¶ MGs to provide electricity to existing small 
local service businesses, or provide services 
directly themselves where they do not exist. 



11 
 

 

Characteristics MG Value-Addition Opportunities 

End user 
markets 

¶ Consumed at household level as staple foods.  

¶ Growing demand for good quality, ready-to-
cook products, particularly from urban 
households. 

¶ Growing demand for animal feed, providing a 
potential market for by-products of processed 
commodities. 

¶ Further value-addition through introduction 
of less commonly practised activities such as 
grading and packaging of products. 

¶ Introduction of new products such as locally 
produced animal feed and products from 
secondary processing activities such as 
baking and frying. 
 

 

 Market drivers 

Supply-side drivers  

1. Weather and seasonality  

The cereals and fishery businesses are vulnerable to local weather conditions, which often leads to variable supplies and 
volatile pricing. They tend to rely on rain-fed production, rather than irrigation or aquaculture, and suffer from inadequate 
storage facilities and preservation services. They are also vulnerable to annual variations in growing seasons and climate 
change more generally. This in turn affects local prices of raw and processed products, so that they are lower during 
harvest, when there is a surplus, and higher during the rest of the year due to a decreased supply and an increase in 
storage costs.  

In Zambia, for example, local prices for maize grain fluctuate by up to 60% between the harvest and lean seasons, while 
maize meal prices fluctuate by about 10%, owing to fluctuations in grain availability and storage costs (Keyser 2007, 
Chapoto, et al. 2010). Zimbabwe has historically experienced crop losses three years out of five due to uncertain weather 
conditions (USAID 2014, 28).  

In the fisheries sector, countries such as Madagascar and Mozambique are prone to tropical storms and cyclones, which 
affect water levels and water salinity for aquaculture production (Satia 2017). Fish prices therefore often fluctuate with 
rainfall variability. Poor storage and preservation at village level in Uganda and Tanzania compel farmers to sell fish at low 
prices during peak fishing seasons in order to reduce losses (Akande and Diei-Ouadi 2010). This is also the case in rainy 
seasons when there is less sunshine to preserve certain types of fish through drying. 

2. Agricultural and trade policies 

Cereal and fish products are mostly sold locally within countries or across neighbouring countries. Some SSA regions10 
have liberalised trade for locally produced commodities and put in place common external tariffs for the export and import 
of these commodities.  

Governments, however, tend to monitor movements of agricultural products for reasons of food security and can place 
ad hoc or long-term restrictions on imports, processing and exports. Countries such as Ethiopia, Nigeria, Zambia and 
Zimbabwe have occasionally imposed import and export bans for maize and other staple foods in order to encourage local 
production and trading. In Zambia, there have been frequent changes in the government-controlled maize market ς for 
example ǘƘŜ CƻƻŘ wŜǎŜǊǾŜ !ƎŜƴŎȅΩǎ όCw!ύ ōǳȅƛƴƎ ŀƴŘ ǎŜƭƭƛƴƎ ǎǘǊŀǘŜƎȅ and also export controls -  leading to increased price 
                                                           
10 Examples include: CEN-SAD: Community of Sahel-Saharan States; COMESA: Common Market for Eastern and Southern Africa; EAC: 
East African Community; ECCAS: Economic Community of Central African States; ECOWAS: Economic Community of West African 
{ǘŀǘŜǎΤ {!5/Υ {ƻǳǘƘŜǊƴ !ŦǊƛŎŀƴ 5ŜǾŜƭƻǇƳŜƴǘ /ƻƳƳǳƴƛǘȅΦ ¦b/¢!5Ωǎ ǊŜǇƻǊǘ (UNCTAD 2012, 20-46) has more information on trading 
agreements in these regions. 
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volatility, higher marketing costs and uncertainty (USAID 2017). Government-imposed trade barriers on fish feed or 
restrictions on local fishing can lead to higher costs in aquaculture production and locally traded fish. 

Demand-side market drivers  

1. End-use 

Products that serve multiple end user markets are likely to be more desirable due to the diversification of risk. Cereals, 

for example, can be consumed in both grain and processed form in households, providing PU opportunities in local 

processing and packaging. The value of some cereals such as maize and rice may vary depending on the quality or grade 

of the processed product. Other forms of demand include production of local beverages from cereals, and animal feed 

production from the by-products of cereal and fish processing. It may also be possible to use agricultural waste products 

and residues for energy production, but this is beyond the scope of this report. 

2. Population growth 

Population growth, particularly urban growth, is likely to increase demand for fish and cereal products. For example, fish 
consumption in SSA is expected to increase 65-89% by 2030 due to population growth (Gordon et al. 2013). Increases in 
urban household incomes and related dietary changes are also likely to increase fish and cereal consumption. Urban 
growth has driven up demand for ready-to-cook sorghum and millet products such as flour mixes and certain street foods. 
In Mozambique, urban growth is expected to increase demand for poultry by up to 300% in the coming years, which will 
have a knock-on effect on demand for poultry feed and demand for cereals (USAID 2018). 

Common challenges  

1. Poor infrastructure 

Poor quality infrastructure in the rural areas has a negative impact on the availability of cereals and fish, and on the quality 
of processing and end use products. This problem can take many forms, including low quality road networks and high 
transportation costs, lack of storage and preservation facilities, poor quality processing equipment, and lack of access to 
and unreliability of electricity supply. 

Take the example of rice. In Cameroon, rice is mostly sold in its unprocessed and natural paddy form to local and regional 
markets due to low quality processing equipment. In /ƾǘŜ ŘΩLǾƻƛre, paddy rice is often exported to Guinea for hulling and 
parboiling, due to the poor equipment and unreliable electricity. In Senegal, poor transport links isolate the southern, rice-
producing regions of the country from the surrounding, urban consumer markets. 

Similar problems apply to fisheries. Fish losses in SSA are estimated to be over 25% of total catch in SSA (Gordon, Finegold, 
et al. 2013, WorldFish Center 2009, Satia 2017, Kolding, et al. 2016), partly because of problems with storage and 
preservation, packaging, drying, processing, transportation and electricity11. This affects fish quality, making it difficult to 
market fish and fish products outside the local area. According to the WorldFish Center (2009), improved processing 
technologies and marketing could reduce post-harvest losses by over 50%. 

2. Lack of quality standards and supply chain regulations 

Product prices in rural markets are often determined by quality spot-checks conducted by local actors at points of sale. 
Formal quality standards for raw and processed local products are rare, particularly for cereals. The lack of formal 
standards and supply chain regulations for local products make regional trading of products such as rice and fish more 
difficult. Fishing regulations are also important to avoid over-catching of fish and typically include registration and licensing 

                                                           
11 Akande and Diei-Ouadi (2010) provide an interesting overview of fish losses in Mali, Uganda, Ghana, Kenya and Tanzania and their 
micro economic impacts on each country. 
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of fishermen and fish farmers, plus rules on fish capture equipment, the use of chemicals, and the 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 higher 
quality products due to the low volume of products handled and the relatively low margins available. They are also often 
unable to access local finance to buy equipment and some MGs are trying to get round this problem by offering appliance 
financing schemes. 

Akande and Diei-Ouadi 2010 highlight the financial challenges preventing local fishermen in Uganda, Ghana and Tanzania 
taking advantage of new post-harvest and post-capture handling techniques such as ice-making, off-grid refrigeration, on-
board use of ice and appropriate drying methods. Similar challenges are faced by smallholder farmers carrying out rice 
processing in Cameroon and Côte ŘΩLǾƻƛǊŜΦ  

 Technical and economic considerations 

Technical considerations that may affect the viability of a PU or MG business include: 

¶ Seasonal demand variations: Demand for some machinery, such as mechanical driers, shelling and winnowing 
machines, tends to vary seasonally, with higher demand experienced during harvest seasons. It is important to 
take account of this fluctuation in demand when designing the MG system. 

¶ Load scheduling and shedding: Load management is important to ensure reliable power supply and minimise 
technical issues. It is particularly important for MGs supplying power to machinery with relatively high power 
ratings and spiky usage patterns such as milling and ice making machines. Such machines draw a lot of power from 
the grid and can disrupt supply to other MG loads, particularly during peak demand hours or when there is lower 
availability of renewable resources e.g. night time on a solar MG. To prevent such events from happening, MG 
operators can schedule specific times in the day for operation of these machines (load scheduling) or disconnect 
them during peak hours of demand (load shedding)12. 

¶ Mini-grid design to match machinery requirements: The choice between a single-phase or three-phase MG system 
depends on the types of machinery to be connected. Three-phase systems are generally better suited for motor-
driven machinery such as milling machines and water pumps for irrigation or for supplying water to ice making 
machines13, while single-phase systems can work for smaller loads such as mechanical dryers. Three-phase 
systems can cost up to 20% more to build than single-phase systems, due to the additional parts needed for 
transmission and distribution (e.g. cables, poles, inverters and meters) and the higher cost of connecting individual 
customers. However, three-phase systems allow for growth in demand because they can accommodate larger 
machinery from the same customers without needing to change the entire transmission and distribution network. 
Three-phase power also reduces power losses along the distribution network. 

¶ Machinery replacement: Following on from the two points above, there may be a case for replacing existing PU 
machines with more energy efficient ones. Most small-scale cereal and fish feed millers, for example, use diesel-
powered milling machines. To connect these mills to a MG system, they would either have to be converted to 
motor-driven mills or replaced with electric mills. Although the costs of conversion are lower than replacement, 
it is important for motor-driven mills to select the right type and size of motor to avoid damaging the milling 

                                                           
12 These strategies are examples of demand side management, which aims to achieve a balance in demand and supply of power in 
the MG system. For mƻǊŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘƛǎΣ ǇƭŜŀǎŜ ǊŜŦŜǊ ǘƻ 9ƴŜǊƎȅ п LƳǇŀŎǘ ŀƴŘ bw9[Ωǎ ǇŀǇŜǊ ƻƴ ǇǊƻŘǳŎǘƛǾŜ ǳǎŜ (NREL & Energy 4 
Impact 2018, 14) 
13 It is advisable to consider three-phase power supply for machinery requiring large motors of over 5 horse power (NREL & Energy 4 
Impact 2018). 
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machines and, to some extent, affecting the MG system14. In addition, there already exist electrical milling 
machines suitable for use in off-grid rural areas in SSA and capable of working efficiently with MG power.  

¶ Site-specific energy requirements: Some activities, such as drying of grains or fish and shelling of grains, often take 
place at or close to the point of production/harvest. Battery-backed, portable machines may be a more attractive 
option where electricity distribution from the MG to the sites is not technically or economically practical. Care 
should however be taken to avoid exposing the batteries to frequent deep discharges, which could potentially 
reduce their life cycle. A charge controller could help in this regard. Users must also be trained to switch off 
machinery whenever a deep discharge occurs. In addition, scheduled maintenance of equipment is required, 
especially to replace parts such as batteries or DC brushes where DC machinery is being used. 

¶ High start-up current: Irrigation pumps, milling, shredding, shelling and winnowing machines, and other large 
loads typically have high start-up current requirements15. A manual starter or a starting current limiter can help 
minimise the effects of this on the MG system. 

  

                                                           
14 It costs about $500 to convert a diesel-powered milling machine into an electric motor-driven machine, compared to about $2,000 
to replace the milling machine with an electric one. NREL & Energy 4 Impact (2018, 28) provides a technical and economic 
comparison between these two options for a maize milling machine. 
15 For more information, see Tables 3 to 5 in NREL & Energy 4 Impact (2018). 
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4.2 Maize 

Maize is the most commonly produced cereal in SSA, taking up over 16% of the approximately 200 million hectares of 
cultivated land on the continent (Macauley 2015). It can grow under diverse ecological conditions and is consumed in 
many forms, making it adaptable to household diets across a range of cultural settings. Figure 2 shows the main activities 
in the rural maize VC in SSA, including production, local processing and marketing. 

 

 

Figure 2: Maize value chain in Sub-Saharan Africa 

 Production 

Most of the maize produced in SSA comes from smallholder farmers. Total production of maize in 2015 was about 64 
million tonnes, with yields ranging from 1.2 to 3.5 tonnes per hectare. Maize is often grown in close proximity to other 
crops, either other cereals (mostly in Eastern and Southern Africa) or roots and tubers (mostly in Western Africa). Most of 
the maize is rain-fed (i.e not irrigated) and produced using manual inputs. Production is higher in Eastern Africa and 
Southern Africa compared to Central Africa and Western Africa, with the first two regions accounting for about 75% of 
production in SSA ς see Figure 3 and Figure 4 below. 
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Figure 3: Maize production and yield in SSA regions (2015) 

Source: FAOSTAT 2015 

 

 

Figure 4: Major maize producing countries in Sub-Saharan Africa 

Source: Harvest Choice 

Ethiopia, Nigeria, Zambia, Uganda, Mozambique, Cameroon, Mali, Burkina Faso, the DRC, Zimbabwe and Côte ŘΩLǾƻƛǊŜ ŀǊŜ 
in the top 20 major maize producing countries in SSA (Macauley 2015). Ethiopia, Nigeria and Zambia are traditionally 
surplus maize producers, exporting maize to neighbouring countries within their respective regions. Figure 5 shows maize 
production in our focus countries. 
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