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Executive Summary 

The major institutions in the Ethiopian energy space and the agencies that support them recognize 

that productive use of electricity is key to achieving national targets of universal electrification.i Yet, 

there is less alignment on which activities to electrify and what support is needed to enable 

adoption of productive uses throughout rural communities in Ethiopia. This alignment is critical to 

efficiently support projects and initiatives that successfully push productive uses forward.  

This study builds a shared understanding of and a common language to assess opportunities for 

productive use. Specifically, it identifies opportunities to electrify agricultural productive uses today, 

how they can be developed through feasible business models, and the strategies and initiatives 

stakeholders can use to overcome barriers to deployment. 

But the approach used is just as important as the questions asked. Productive use initiatives must 

respond to end-user needs to be successful. Our analytical approach recognizes ground realities to 

ensure that recommendations connect to end-user needs. To do so, the study explores prevalent 

activities, community practices, and economic returns that indicate demand and local capacities in 

and potential benefits for rural communities. We also consult directly with end-users through field 

surveys as well as through planned field visits and community workshops in the next stage of the 

project.  

Grain-flour milling is economic to electrify today. 

There is an immediate opportunity to electrify diesel-fuel milling for various crops in rural Ethiopian 

communities. Grain flour milling, particularly for maize and wheat, uses inputs that are produced in 

high volumes and that are already commonly mechanically processed before sale into robust local 

markets. This opportunity requires little to no market development support to be implemented today 

and at widespread scale. This potential is further strengthened by the opportunity to use multi-crop 

milling equipment to broaden the local processor’s business opportunity and reduce market risk 

(see Section 3). 

This study considered five value chains across Amhara, Oromia, and Southern Nations, 

Nationalities, and Peoples Region (SNNPR), including more than 250 field interviews with 

community heads, farmers, processors, and traders in more than 51 rural communities. It also 

included an extensive literature review and interviews with sector experts (see Section 2). Based on 

this data collection, we evaluated value chain activities with electrification potential for each crop 

across four dimensions: existing local capacity for the activity, presence of a market for the product, 

availability of electric equipment and ease of retrofitting electric components, and scalability of the 

activity.  

Considering these factors, prospective productive use activities can be divided into three tiers 

based on their readiness for electrification and implementation. Exhibit ES1 shows this prioritization: 

 
i The National Electrification Program 2.0 (2019), developed by the Ministry of Water, Irrigation, and Energy (MOWIE) 

explores the agriculture-energy nexus and establishes high-level strategies to explore and develop productive uses. 

MOWIE and the Ethiopia Electric Utility Company (EEU), with support from the World Bank, will electrify productive uses 

of energy to accelerate universal electrification through the USD 500 million Access to Distributed Electricity and Lighting 

in Ethiopia (ADELE) Project. 

https://www.worldbank.org/en/news/press-release/2021/03/29/new-world-bank-financing-supports-ethiopia-s-goal-of-universal-electricity-access-by-2025
https://www.worldbank.org/en/news/press-release/2021/03/29/new-world-bank-financing-supports-ethiopia-s-goal-of-universal-electricity-access-by-2025
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Tier 1 indicates immediate readiness for deployment, Tier 2 indicates strong medium-term potential 

with support to overcome one or more barriers, and Tier 3 indicates longer-term potential if 

additional barriers are addressed. Section 3 describes this analysis in greater detail, and Appendix 

A includes a thorough review of individual crops and their associated activities.  

 

Exhibit ES1: Summary of Tier Classifications for Value Chain Activities across Five Crops Analyzed in the 
Study 

The study finds that electrifying grain milling almost halves energy costs and doubles profit margins 

(Section 4). Although these results are based on reported volumes from field surveys, our research 

suggests sufficient levels of grain production to meet the break-even threshold within most rural 

communities in Ethiopia. Electrifying grain milling can also improve minigrid economics, boosting 

revenues and reducing cost of service by 8%–13% depending on the time of use or seasonality of 

loads. 

A fee-for-service business model connects processors with knowledge and support to seize this 

economic opportunity.  

A fee-for-service business model builds upon widely prevalent practices and brings together actors 

commonly found in the Ethiopian agriculture space (Section 5). Importantly, it relieves the energy 

service provider from assuming an additional burden at this nascent stage of the minigrid market. 

The fee-for-service model is led by a facilitator who enables processors to invest in equipment by 

educating processors and linking them with finance providers who make an equipment loan (or 

lease) to the processor. While the processor is ultimately responsible for the credit and operational 

risk, the facilitator builds awareness about the investment opportunity and provides business 

development training to support loan applications and equipment selection. 
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Exhibit ES2: Institutional Arrangements of the Fee-for-Service Business Model 

We also explore utility-led and cooperative-based business models. These models may be 

appropriate to develop new activities that are not yet widespread in rural communities and will 

require additional development support but may not be suitable for widespread adoption. 

Nonetheless, the team will further explore, test, and refine this prioritization and specific designs 

through community consultation. 

Although these business models address the capacity and knowledge gaps limiting processors 

from adopting electric equipment, there are broader systemic barriers and prerequisites that lie 

outside of the control of community-level actors in the business models. These barriers and 

prerequisites must be addressed to make these business models feasible.   
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Exhibit ES3: Mapping of Prerequisites and Barriers to Scale Productive Uses 

The National Productive Use Program achieves the prerequisites to scale productive uses. 

We propose a preliminary design of the National Productive Use Program to achieve the following 

prerequisites for electrifying productive uses at scale (Section 6.1): 

Prerequisite 1: Communities have access to affordable and reliable electricity. Affordable and 

reliable electricity access is the foundation for electrified productive uses. A would-be processor will 

not be willing to invest in electric equipment if she or he does not think they can sufficiently operate 

the equipment to recover their investment. Nearly all experts we consulted and over 80% of agro-

processors we surveyed noted the lack of reliable electricity to operate equipment as the most or 

second most important barrier rural entrepreneurs face. 

Prerequisite 2: Processors are aware of investment opportunities and equipped to develop 

enterprises. There is limited precedent to show the economic viability of electrified agro-processing 

businesses in rural regions. Without robust examples showing the technical and financial viability of 
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electric equipment in rural communities, processors will be unwilling to invest in electric equipment. 

Beyond the desire to purchase electric equipment, processors also need to be aware of the 

opportunities available to finance equipment and have the skills to select equipment and develop a 

business plan. 

Prerequisite 3: Available financial solutions meet community needs. About 60% of survey 

respondents identified lack of access to credit among the top two barriers preventing them from 

upgrading their business and only 2 of the 63 grain millers we surveyed had obtained a loan in the 

past. Most local finance providers do not serve the appliance financing market for agricultural 

productive uses in rural areas.  

Prerequisite 4: Efficient, compatible equipment with timely maintenance services is available and 

affordable. Additional research is needed to test locally available electric equipment to ensure 

compatibility with minigrid systems, operator requirements for efficiency, and end-consumer 

product preferences. Equipment suppliers we consulted noted difficulties in providing prompt 

repairs in remote areas. This risk of delays in repairs and foregone revenues will demotivate would-

be processors from purchasing equipment.  

Prerequisite 5: Cross-sector alignment to prioritize and collaborate on productive use efforts. As 

noted previously, there is a lack of awareness and alignment on which opportunities for productive 

use to prioritize and a lack of coordination among stakeholders in the agriculture, energy, and 

financial sectors to mobilize investment.  

 

Exhibit ES4: Preliminary Design of National Productive Use Program 

We propose a preliminary National Productive Use Program (Section 6.2) that ensures these 

prerequisites are met by aligning cross-sectoral actors, generating an evidence base, and 
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developing supportive policies. The program is made up of the following projects and scaling 

mechanisms: 

Align and connect cross-sectoral actors. The Create and Strengthen Sector Alignment and 

Coordination for Productive Use project will open dialogue across the energy, agriculture, and 

finance sectors to identify opportunities to develop productive uses. The discussion and 

coordination between stakeholders will build awareness to oversee the National Productive Use 

Program and enable partnerships to implement productive use opportunities.  

Prove and demonstrate the viability of equipment and business models. A series of pilots and 

demonstration projects will build the evidence base to show the technical and financial viability of 

equipment and business models. The Electric Mill Prototyping Pilot will fine-tune and field-test 

equipment in minigrid communities and establish the specifications to ensure equipment 

compatibility with minigrid systems and equipment operator and end-consumer preferences. The 

business model demonstration projects will recruit private actors to implement recommended 

business models around Tier 1 activities and demonstrate financial viability. The demonstration 

projects will seek to de-risk investment in electric equipment by bringing in private actors to 

understand and gain experience participating in the business models and reduce perceived risks. 

Develop supportive policies for an enabling ecosystem. Technical advisory, capacity building, and 

funding support will lubricate the ramp-up of productive uses in specific hubs through the pilots and 

demonstration projects and then provide the platform solutions needed to replicate productive uses 

in rural communities across Ethiopia. The Designing and Piloting Financial Solutions project will 

provide technical advisory and funding to equip finance providers to serve the equipment financing 

market. The Electric Equipment Selection Tool and Scaling Capacity Building projects will develop 

platform tools and materials to support in equipment selection and partnership decisions.  

The next steps to finalize the National Productive Use Program focus on ground consultation and 

field testing. 

Going forward, the team will pull in cross-sectoral input and pilot findings to finalize, build 

consensus on, and propel momentum for the National Productive Use Program, the ultimate 

deliverable of this project (Section 7). To do so, the team will lead three scopes of work: 

1. Carry out community and national consultation (Design Sessions). The Design Sessions will 

use a three-tiered approach for connecting with end-users. The first two tiers will focus on 

connecting with end-users to understand the barriers and opportunities at the community 

level. Together these tiers will lead to the design of highly actionable community solutions 

and projects rooted on ground realities and priorities. The third tier will convene national 

level stakeholders to build on and connect these community-level solutions with top-down 

broader actions to support and scale implementation of community-level projects. 

Throughout the execution of these tiers, the team will facilitate discussions with end-users 

and co-producers to build on the preliminary design presented in this study and finalize the 

National Productive Use Program.  

2. Implement a Data Pilot to build a database and insights to estimate potential load and 

revenue growth for a minigrid system serving milling loads, and better understand milling 
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profitability and end-consumer preferences. The team will use this information to fine-tune 

the financial models and design of the pilots and demonstration projects proposed in the 

preliminary productive use program.  

3. Disseminate study results. The team will lead cross-sectoral engagement across the 

agriculture, electricity, and finance sectors to share results, build consensus, and connect 

projects to actors and funding to prepare for implementation. 
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1 Introduction  

Driving community economic development and sustainable energy access requires rural 

electrification to be linked with programs that support using electricity for income-boosting 

activities. Today in Ethiopia there is a recognition of this need, but no understanding of how best to 

create a national productive use program that effectively links agriculture with electricity provision.  

The IKEA Foundation and RMI partnered to build an evidence base for and demonstrate how to link 

rural electrification with economic development. This study is the first step to achieve that outcome. 

The study maps value chains at the national scale to pick activities to prioritize for electrification. 

The main body of the report summarizes the study, and a series of appendices provide much 

greater depth of analysis, data, and recommendations for policymakers and program implementers 

to explore. 

• Section 2—Study Scope and Data Collection Approach provides context on the geographic 

and topical scope of our research and the approach to data collection. 

• Section 3—Value Chain Analysis presents an overview of the five agricultural value chains 

included in the study, the methodology used to prioritize them, and which Tier 1 activities in 

the value chains are immediately ready for electrification and implementation at scale. The 

companion Appendix A presents an in-depth analysis of all value chains and full assessment 

of electrification opportunities. 

• Section 4—Economic Viability of Electrifying Tier 1 Processing evaluates the economic 

viability of electrifying grain milling from a processor and a minigrid perspective. Although 

the study assesses the economic impact on minigrid performance, many of the same 

takeaways would also apply for grid electrification. The companion Appendix B presents 

further economic analysis along with the methodology and assumptions used to prepare the 

financial models. 

• Section 5—Business Model Design presents two business models that provide processors 

and minigrid developers with the knowledge and support to invest in electric processing. 

The companion Appendix C presents a third model that may be suitable for niche 

opportunities.   

• Section 6—Preliminary Design of the National Productive Use Program maps the key 

barriers preventing and prerequisites needed to enable the adoption of productive uses at 

scale in Ethiopia. The section builds on this mapping and the insights of previous sections to 

propose a preliminary design of the National Productive Use Program. Companion 

Appendix D presents a more detailed description of the projects included in the preliminary 

design. 

• Section 7—Next Steps to Finalize and Align Sector on the National Productive Use Program 

provides the steps the team will pursue to build consensus on and finalize the National 

Productive Use Program. This section also describes the Data Pilot that will enable the team 

to fine-tune the financial models and refine the design of the pilots and demonstration 

projects in the preliminary productive use program. 
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2 Study Scope and Data Collection Approach  

 Community Engagement 
Community consultation plays a significant role in this study and the overall project. Indeed, an 

effective productive use program must deeply understand and respond to the needs and priorities 

of end-users who will develop productive uses at the community level. This study has connected 

with end-users via field surveys to determine the right activities to prioritize for electrification, 

ensuring we pick activities with proven demand that are prevalent and feasible in local 

communities. These field surveys also informed our understanding of realities on the ground to 

identify barriers preventing the adoption of productive uses as well as to design the business model 

and preliminary projects that can address these barriers. 

Going forward, community consultation will continue to form an integral part of the project. We will 

consult community members via design sessions to test and improve upon our preliminary 

recommendations. This will help us define highly practical community-based solutions and projects 

and connect these to wider networks of professionals and support systems via the dissemination 

seminars. 

 Study Scope 
This study focuses on five value chains: maize, teff, wheat, barley, and dairy. The Government of 

Ethiopia identifies these shortlisted value chains as high priority in achieving agricultural 

development targets.1 Most of these value chains are prevalent in rural communities.  

Exhibit 1 shows that the dairy, teff, maize, wheat, and barley value chains are produced in high 

volumes nationally. To capture the state of agricultural practices across regions, our study includes 

survey findings from rural communities across Amhara, Oromia, and Southern Nations, 

Nationalities, and Peoples Region (SNNPR)—three of the four top-producing regions for each value 

chain we studied as depicted in Exhibit 1. 
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Exhibit 1: Production, Number of Producers, and Top-Producing Regions for Selected Value Chains.  

 
Note: The Government of Ethiopia has prioritized increased productivity for all these value chains in the 2016 
National Growth and Transformation Plan.2 Ethiopia’s Agricultural Transformation Agency (ATA) has also 
prioritized teff, wheat, barley, and maize crops in the Agricultural Commercialization Clusters (ACC) program, 
which connects farmers to agricultural inputs and markets.3  

For each value chain, we assess opportunities for electrification that are viable for both minigrid 

companies and local agro-entrepreneurs. We evaluate the current state of processing 

activities, and future potential for electrifying these activities. To support our findings, we collected 

data across specific themes for each shortlisted value chain:  

• Production characteristics, including how national production has evolved, and the current 

state of interventions for increasing productivity. We evaluate the volumes and stability of 

raw material supplies for processors in the value chain.   
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• Processing activities, in particular highlighting post-harvest processing steps that are 

necessary for converting raw materials to consumable products. We also determine where 

processing is concentrated in Ethiopia.ii 

• Losses, including factors that exacerbate losses and potential interventions to limit spoilage. 

We determine whether processing steps can help mitigate losses by understanding when 

and where losses occur. 

• Demand, focusing on the products that rural consumers prefer and corresponding 

processing requirements in rural communities. 

• Local trade, using trade flow data in rural communities to evaluate whether processing 

takes place locally in rural communities.  

• Opportunities for electrification, identifying and evaluating the processing steps best suited 

for electrification.   

After validating high potential processing activities, we provide an outlook to implementation 

strategies for testing and capacity building. For shortlisted activities that we find best suited for 

electrification across target value chains, we assess the economic viability of potential or existing 

businesses and identify financially viable activities that are ready for further testing. At this point the 

study switches gears toward determining implementation strategies for testing prioritized activities 

and designing a national productive use program. We adopt a forward-looking approach to identify 

strategies that enable an ecosystem that supports productive uses. We design business 

models and propose a preliminary national productive use program that will serve as the platform 

for brainstorming with community and national level stakeholders during the next project stage.   

 Data Collection Approach 
This comprehensive data collection exercise draws upon existing information and incorporates 

newly collected data. We gathered information in three ways: 

• Field Surveys—To deeply understand on-ground and local context, we conducted field 

surveys in rural communities across Amhara, Oromia, and SNNPR. Data was collected in 

51 kebeles across these regions from November through December 2020.iii Local 

enumerators from the Frontieri Survey Firm conducted 259 field interviews using the Survey 

Solutions tablet-based interviewing tool. Further details are discussed below. 

• Literature Review—In designing this study, we leveraged the combined knowledge of 

existing agricultural value chain research in Ethiopia to understand the national and regional 

dynamics for each value chain we studied. We performed an exhaustive review of available 

 
ii We focus on post-harvest processing activities because they have the strongest potential for electrification in the short 

term. Based on our survey findings, distances from community centers to farm fields are on average 3.4 km and can 

range up to 8.4 km. Connecting distribution lines to power minigrid-connected equipment on farm fields is expensive. 

Electrifying these activities would require developing new or testing early-stage electric equipment that can be charged in 

the community center and used in the fields. These early-stage opportunities would require more time to develop and are 

not quick-win opportunities that are already proven commercially viable and can be deployed at scale. So, mechanized 

farming activities are generally not suitable for electrification in the short term.  
iii A kebele is the smallest administrative unit of Ethiopia.  



16 

 

literature, including 155 primary literature sources; the Endnotes section presents a full 

bibliography. 

• Expert Interviews—Experts played a key role in connecting us to resources, validating our 

findings and observations, and calibrating our analysis and proposed solutions. We 

interviewed and sought feedback from key stakeholders across Ethiopian agriculture and 

energy sectors. These included non-governmental organizations, development partners, 

microfinance institutions, and government agencies. 

2.3.1 Survey Details 

Field surveys were critical to validate analysis of agricultural value chains in rural Ethiopia. We 

designed an extensive survey questionnaire to target four types of value chain actors: community 

champions, farmers, agricultural processors, and agricultural traders.iv When we noted the limited 

prevalence of women in the value chains, we also interviewed women close to but not involved in 

agricultural businesses to better understand the activities they would be most interested in.  

Exhibit 2 shows a count of the interviews conducted along with example questions for each 

respondent class.v The full questionnaire is included in Appendix G. 

We prioritized collecting data in communities that were representative of prospective minigrid sites 

and demonstrated potential for productive uses. We reviewed the Least Cost Electrification Plan 

established in accordance with the National Electrification Program 2.0 to prioritize communities 

that were classified for medium-term grid extension. These communities are third in priority for grid 

extension and will not be grid-connected before 2030.  

We also identified high production zones of our crops of study using data on crop production at the 

zone level from the 2020 CSA Agricultural Sample Survey.4 We then identified woredas within these 

zones that produce significant volumes for at least two of our target value chains using Frontieri’s 

proprietary databank.vi  

The team then reached out to representatives of Regional Agricultural Bureaus and other local 

institutions to validate these woreda-level findings and identify recommended kebeles within these 

woredas to visit. The team selected 51 kebeles to visit based on points of intersection identified by 

overlapping the geospatial data layers of minigrid-suitable communities and priority agricultural 

kebeles.  

Key characteristics of these communities included: 

• High agricultural production. We identified communities that were high volume producers of 

our value chains of study. 

 
iv Community champions are defined as leaders or representatives of a community who know the community well and can 

provide high-level information about residents, issues, and local economic activities. 
v We prioritized interviewing processors to understand how post-harvest processing activities occur in minigrid-suitable 

communities. Therefore, enumerators interviewed more processors than any other respondent type. 
vi  A woreda is an administrative unit in Ethiopia that is usually equivalent to a district.  
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• Size. Communities surveyed had a median size of 320 households, with a maximum of 

5,000 households. 

• Infrastructure. Approximately 90% of the communities surveyed had cell phone service, and 

enumerators prioritized communities with maintained road passageways.vii 

• Energy access. We prioritized minigrid-suitable communities in this study: those that were 

not grid-connected at the time and were not immediately shortlisted as high priority sites for 

grid extension. We also visited a few grid-connected and grid extension priority areas to 

understand both the applicability of our findings in grid extension communities and the 

presence of processing that is not prevalent in rural communities without electricity access. 

Of the communities visited, 8% were grid-connected, 4% were minigrid-connected, and 

88% were not connected to electricity. 

 
vii In communities with cell phone service, 81% had SMS/voice access only and an additional 19% could access at least 

some data service. 
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Exhibit 2: Sample Survey Questions from 2020 RMI Survey of Agricultural Value Chain Actors across 
Amhara, Oromia, and SNNPR  
Note: Some community champions participated in the value chain and were interviewed from multiple 
perspectives. All interviews are captured in the respondent type tallies but the total only captures one 
interview per respondent. 

 Prioritization Methodology 

Among the five value chains of study, there are several activities to consider for electrification. We 

identify the subset of processing activities that demonstrate the highest potential for electrification 

with minigrid-powered systems. We use a multi-metric framework to sort the high potential activities 

depending on their appropriateness for electrification in the short term.  
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2.4.1 Prioritization Criteria 

We evaluate each processing activity and assess electrification readiness using four categories: 

local capacity, offtake market, equipment and electrification, and scalability.  

Local Capacity 

Processors must have the skills to successfully operate a processing business. Electrifying activities 

where processing businesses are already prevalent in rural communities and have been operating 

for a long time will require less support. Otherwise, there would be adoption risks and additional 

effort required to support the adoption of activities that are unfamiliar and untested in rural 

communities. We measure the existing capability of processors by assessing the number of 

processors operating in communities and the longevity of their businesses. We use the following 

metrics to test this: 

• Processors operating in community. 

o Survey findings show that on average at least one processor operates in each 

surveyed community. 

• There is more than one processor per community. 

o Survey findings show that on average at least two processors operate in each 

surveyed community. 

• Processors have been operating for more than two years. 

o Survey findings show that the processing businesses surveyed have been operating 

for at least two years. 

Offtake market 

Processors with a robust local consumer base have proven the commercial viability of the activity. 

The prevalence of local demand for the outputs of a processing activity confirms that customers 

can afford the product, want to buy the product, and can access processors through established 

channels.  

Rural communities are often isolated from urban and peri-urban markets, so complex supply 

mechanisms may be required to connect products from a rural community to consumers in larger 

markets. Setting up these supply mechanisms—beyond requiring additional investment—carries 

the risk that the demand may not materialize. As such, to score highly, there should be high 

demand for products in the local communities where they are produced. We assess the strength of 

offtake markets by analyzing the volume of products traded in the community or within existing 

trader networks. We use the following metrics:  

• Product is consumed at high volumes in Ethiopia. 

o Literature review shows that there is a significant per capita consumption of product 

in Ethiopia. 

• Product consumption is high in rural communities. 

o Literature review shows that there is a significant per capita consumption of 

processed product in rural communities in Ethiopia. 

• Product is traded in community. 
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o At least 75% of surveyed traders who trade product sell product locally. 

• Those who trade product have little to no wasted product that they are unable to sell. 

o At least 75% of surveyed traders recorded that no product goes unsold. 

• Consumers are willing to pay for mechanically processed product. 

o There are operators engaged in the processing activity in rural communities surveyed. 

• There is a waitlist of customers waiting to have crop processed. 

o At least 75% of surveyed processors observe a waitlist of customers. 

 

Equipment and Electrification 

Agricultural processing activities with electric equipment readily available in the Ethiopian market 

will be easier and faster to deploy than activities that require developing or importing untested 

equipment. Retrofitting existing fuel-powered equipment may also be possible, but this will require 

confirming electric component compatibility with other built-in components. Piloting programs are 

still needed to field test and debug equipment to confirm minigrid compatibility and that the output 

meets end-consumer preferences. Processing activities that occur year-round will be more 

economically viable for the minigrid to serve. We assess the suitability of a processing activity for 

electrification and the availability of electric equipment with the following metrics: 

• Majority of processing is done using mechanized equipment. 

o Literature describes that processing is currently undertaken using a machine. 

• Electric equipment is available locally. 

• Domestic equipment manufacturers already produce or import equipment and thus have 

expertise to repair equipment. 

• Fuel-powered equipment can potentially be retrofit with electric components. 

o Diesel- or petrol-powered equipment uses action of a mechanical belt or component 

powered by a fuel engine that an electric motor can likely replace. 

• Crop is available throughout the year with little to no effect of crop planting seasonality. 

o Marketed crop is widely available year-round from retailers or traders. 

• Product pricing is stable throughout the year with limited spikes from month-to-month. 

o Processed product is available on the market with little statistically significant price 

spiking over a year period. 

• Processing activity takes place year-round with no lull period. 

o At least 75% of surveyed processors state that processing is not seasonal. 

 

Scalability 

The potential for scaling is higher for value chains and activities that are widespread throughout 

various regions in the country. Processors require stable crop supplies as inputs to sustain high 

processing volumes each season year to year. Activities with strong scaling potential can be 

replicated more efficiently in hundreds of communities in Ethiopia, but niche processing activities 

may not be widespread to attract equipment suppliers. We use the following metrics to test scaling 

potential of processing activities: 

• Processing takes place across multiple regions and kebeles. 
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• Crop is grown in multiple regions. 

• Crop supply is consistent, and yield does not vary widely between seasons. 

o Quality and quantity of crop yield is consistent between seasons; crop is not known 

for regular interval seasons of low production. 

• In median community, crop production volume exceeds processing volume required by 

processors in community. 

o Median value for the difference between total community production and volume 

required by all processors in community is positive. 

 

2.4.2 Scoring Methodology 

We evaluate each processing activity using a series of 21 binary true/false metrics described in 

Section 2.4.1. Data and insights from survey findings, expert feedback, and literature review inform 

our evaluation of each metric. We use qualitative binary metrics to avoid making significant 

assumptions required in quantifying metrics, and due to concerns with the reliability and 

comparability of reported quantitative variables inherent in survey data. Metrics that are “true” 

score one, while metrics that are “false” score zero. To calculate the electrification readiness score 

for a processing activity we add the individual scores for each metric. The high-scoring activities are 

those with stronger electrification potential. 
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Exhibit 3: Depiction of the Scoring Methodology for Processing Activities 

Note: Each activity is evaluated using a standardized set of 21 true/false metrics. These metrics are divided 
among the four prioritization criteria (local capacity, offtake market, equipment and electrification, scalability). 
The sum of the four prioritization scores gives the total activity score, which is then used to rank activities 
from Tier 1 (immediately suitable for electrification with minigrids) to Tier 3 (requires significant support before 
electrification becomes possible). 

2.4.3 Ranking Activities  

Applying the four prioritization criteria allows us to rank activities into three tiers based on their 

readiness for electrification (as shown in Exhibit 4).  
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Exhibit 4: Illustration of Tiers Utilized to Classify Productive Use Activities by their Readiness for Electrification 

Tier 1—Immediate (at least 80% of maximum readiness score). These activities are viable for 

immediate electrification in a minigrid context with minimal programmatic support beyond appliance 

financing and procurement. These activities begin with crops or inputs that are commonly produced 

in high volumes, and that are already commonly mechanically processed before sale into robust 

local markets. These are also the activities with the most robust appliance market, where electric 

equipment is already available for purchase and pilot testing. Integrating these activities could 

improve minigrid capacity utilization and after field-testing equipment we would recommend 

incorporating them alongside all new minigrid projects in communities that cultivate these crops. 

Tier 2—Medium Term (at least 60% of maximum possible activity readiness score). These activities 

are not far from being viable for electrification today but will require more program support than the 

immediate activities. Beyond just appliance financing, this support may include strengthening 

offtake markets, developing suitable appliances, or building local capacity.  

Tier 2 activities are not ready for immediate deployment in minigrid communities but have 

significant potential given community acceptance of new practices, minigrid-compatible electrical 

equipment, and robust market linkages for processed products. Although these hurdles are 

surmountable with proper support, the average community-level actor (e.g., community-based 

organization or minigrid developer) would not be likely to address them alone. We recommend 
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these activities for consideration by larger electrification programs that can include this support, or 

for local entrepreneurs and off-takers with special sector expertise.  

Tier 3—Long Term (less than 60% of maximum possible activity readiness score). These activities 

may have long-term potential for electrification, but significant support would be required to make 

minigrid deployment economic and sustainable. This category includes the hundreds of latent 

agricultural processing activities that could conceivably utilize electricity but would require 

considerable effort to build adequate local capacity, market linkages, and supply of minigrid-

compatible equipment from the ground up.  

These are activities which are either rarely conducted in rural communities or are primarily 

conducted manually. Though we would not recommend incorporation of these activities into a 

minigrid deployment program today, many may be prime targets for study by agricultural 

development institutions or corporate actors interested in developing their local supply chains. 

3 Value Chain Analysis and Prioritization of Activities  

This study applies a productive use lens to post-harvest activities for five target value chains, 

focusing on opportunities for minigrid electricity to improve the efficiency of the processing steps 

between unprocessed crops or raw materials and locally marketed products. We find immediate 

opportunities to electrify currently fossil fuel-powered processing activities particularly for flour 

milling across key cereal crops in rural Ethiopian communities. This section summarizes these 

findings, and Appendix A provides in-depth analysis on every crop and value chain activity 

mentioned here. 

 Summary of Analysis Findings 
As explained in Section 2.4.1, we use four criteria—local capacity, offtake market, electric 

equipment, and scalability—to sort productive use opportunities into three tiers based on their 

readiness for electrification, captured by the level of support required. Exhibit 5 shows the ranking 

for each activity associated with each crop, while Exhibit 6 shows deployment-readiness across 

each criterion contributing to this ranking.  
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Exhibit 5: Summary of Tier Rankings Based on In-Depth Analyses of 21 Crop and Value Chain Activity 
Combinations 

Grain flour milling is the clear Tier 1 activity primed for immediate electrification and implementation 

in Ethiopia. Grain flour milling across maize, wheat, teff, and barley has strong fundamental 

characteristics indicating that electrifying this activity can be straightforward and successful. This 

opportunity requires little to no market development support to be implemented today and at 

widespread scale. This potential is further strengthened by the opportunity to use multi-crop milling 

equipment to broaden the local processor’s business opportunity and reduce market risk (see 

Appendix A.1.1 and Appendix A.1.2 for the potential of multi-crop mills and threshers). Section 4 

explores this opportunity further, by assessing whether grain milling is economically viable for 

processors and boosts minigrid economics.  

Tier 2 activities have potential for scaling in the medium term if provided with necessary support. 

This support must address prohibitive barriers to deployment, particularly regarding the capacity of 

local actors to adjust to mechanization. Value chain actors may need to change their behavior to 

adapt to the requirements of mechanized processing. For example, adoption of a centralized multi-

crop thresher depends on farmers’ ability and willingness to transport their dried cereals to the town 

center, rather than hiring labor to thresh grains in the field. These adaptations are feasible but may 

require additional effort. Alternatively, a technological breakthrough or innovation would be needed 

to adjust the equipment to behavioral practices. For example, developing a battery-operated 

chargeable thresher that can be charged in the town center and transported to the fields where it is 

used.   

  



26 

 

 

 

Exhibit 6: Value Chain Analysis Results by Activity, Including Tier Rankings and Specific Criteria Scoring 

Tier 3 activities have longer-term potential if extensive barriers are addressed. Milk pasteurization 

and teff injera-making both involve applying high heat and are energy intensive and inefficient for 

electrification (Appendix A.5 for teff and Appendix A.6 for dairy). For other activities, business 

models do not yet exist in rural communities, and may be challenging to develop. For example, 

cheese-making is common in rural communities, but cheese is not sold for profit. This also applies 

to injera-making in rural communities, which consumers often offer as gifts to each other.  

In the case of milk chilling, demand is not prevalent in rural communities and broader development 

efforts need to be coordinated to connect rural production to offtake markets in urban areas 

(infrastructure to conserve and transport milk to urban centers is needed to make milk chilling 
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viable in rural communities). Other activities do not have a demonstrated demand for processing. 

For example, in maize and wheat value chains most farmers air dry their crops and do not pay for 

mechanical drying. So, there is insufficient demand to warrant mechanical drying in rural 

communities.   

Key Considerations for Evaluating Productive Use Opportunities  

Some key considerations for evaluating productive use opportunities have emerged from our 

analysis. In addition to the prioritization criteria used to rank activities, applying these considerations 

can help flag activities that are well-suited to electrification.  

Local demand is critical for ensuring volumes and profitability in mechanized agricultural 

processing. To invest in equipment, processors must be confident they can recover their upfront 

investment with revenue from their processing businesses. Processors in rural communities 

typically have limited access to markets in distant communities, so local processing demand must 

be high because most of their demand will come from within the community. Consumers must 

already be incentivized to pay for mechanical processing, for example by hiring laborers to conduct 

processing activities manually, or by regularly purchasing a processed product. Without this steady 

demand, a processor will not likely offset their investment costs. Multi-crop processing can help 

processors access demand from various value chains.  

Understanding where a value chain activity occurs is critical for understanding which productive 

uses to support effectively. Location is critical for understanding productive use potential. On-farm 

processing activities (e.g., threshing) will be limited to high production areas, while end-consumer 

processing (e.g., grain flour milling) may be viable more broadly if consumption is widespread.  

 

Some crops are consumed widely across Ethiopia, and therefore the demand and potential for end-

consumer processing activities is prevalent across the country. But the opposite is also true. For 

example, since barley is only consumed significantly in the Ethiopian highlands where it is also 

grown, both on-farm and end-consumer processing activities will be more viable in this region. 

Planning authorities should consider where agricultural productivity is highest and where 

processing is concentrated to guide decision-making on which productive use opportunities to 

prioritize in different sites.  

Activities that are already mechanized are less risky. The surest measure of market demand for 

mechanization is its current prevalence in the target community. Otherwise, productive use 

programs risk facing insufficient demand or limited capacity among processors to manage 

businesses. Energy actors who are considering productive use programs to stimulate latent 

activities must do so with a full understanding of the risks, preferably in partnership with agriculture 

experts. 

Equipment specifications must match processor and consumer preferences. Working with food 

products means accommodating customers’ deeply held preferences for quality, texture, taste, and 

color. In addition, minigrid power systems and meters pose technical constraints on equipment 
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design (e.g., phase, voltage, inrush current). Only thorough pilot tests can ensure the selected 

equipment balances customer preferences with these operating limitations.  

 Supporting Analysis from Survey Data 
Survey data collected during this study confirm that maize and wheat are widely cultivated 

especially in Amhara and Oromia regions, which supports their prioritization. As shown in Exhibit 7, 

maize is the most frequently cultivated crop across the three regions based on our survey sample. 

Teff is also widely cultivated across regions, but teff grains cost almost twice as much as maize and 

wheat grains and so are not as widely consumed by lower-income rural communities. Throughout 

the survey sample, dairy production is limited. 

Survey data also confirms that grain flour milling is the most prevalently mechanized activity 

observed in the minigrid-suitable communities visited. Exhibit 8 shows the value chain flows for 91 

agricultural processors who have mechanized at least one processing activity in their business. On 

the ground, mechanized processing activities are dominated by the crops that are most prevalently 

farmed at large volumes in surveyed communities. Wheat, teff, maize, and barley are threshed 

mechanically before consumption or further processing; wheat, teff, maize and barley are milled 

into flour; and barley, teff, and maize are also brewed to make local beer. Other processing 

activities are also observed but were not reported to be mechanized (e.g., drying and butter 

churning). 

 

Exhibit 7: Summary of Crop Production at Local Scale 

Note: Community observation rates show the percentage of communities surveyed that reported five or more 
crop farmers or dairy producers for a given value chain. Traded product unit cost shows the median cost in 
Ethiopian birr (ETB) per kilogram for clean grains (across maize, wheat, barley, and teff value chains) or fresh 
milk (for dairy value chain), based on 2020 RMI survey findings.  
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Exhibit 8: Prevalence of Mechanized Processing Activities Observed from 2020 RMI Survey Findings 

Note: For each value chain identified on the left, the corresponding product is listed on the right. The size of 
each flow is proportional to the number of processors we observed that reportedly conduct processing for a 
particular value chain. 

 Gender Considerations Across Activities 
Today, men are the primary operators of mechanized processing across most value chain activities. 

Mechanization of previously manual operations through electrification programs may exacerbate 

gender income imbalances if not countered with deliberate consideration of gender in program 

design. Exhibit 9 shows the extent of mechanization and gender representation across the 

processing activities recorded in field surveys.  

Grain flour milling emerges as the most prevalently mechanized activity. This data is based on a 

limited sample size of 91 processors, but we observe that activities associated with cooking-related 

work (such as beer brewing and milk chilling) are more likely conducted by women. Yet, the high 

proportion of women involved in beer brewing and milk chilling is disproportionately skewed by the 

limited number of observations of these processors. We therefore cannot make definitive 

conclusions about these patterns with the data available, and further study is required. 
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Exhibit 9: Trends in Mechanization and Gender Representation in Value-Add Activities Included in Field 
Surveys as Reported by Local Processors and Community Champions, with Error Bounds Denoting the 90% 
Confidence Level Interval for the Trendline 

 Value Chain-Specific Findings 
This section presents specific findings for each of the value chains studied.  

Maize—Maize is the most widely produced crop in Ethiopia (by production volume) and is highly 

consumed in rural communities. Most people consume maize in flour form and pay processors for 

milling services. Processors in rural communities use fossil fuel-powered grain mills. Maize milling is 

a Tier 1 activity that can be scaled across minigrid-eligible communities throughout Ethiopia. See 

Appendix A.2 for our in-depth analysis of the maize value chain.  

Wheat—Wheat is a staple crop in Ethiopia produced at high volumes nationally. Most wheat is used 

for food purposes and must be processed into flour before consumption. Wheat milling is a Tier 1 

activity that can be scaled across minigrid-eligible communities throughout Ethiopia. See Appendix 

A.3 for our in-depth analysis of the wheat value chain. 

Teff—Farmers devote the highest area of farmland to teff cultivation among all crops in Ethiopia 

because teff can grow in most agroecological zones. Teff is used for food—especially for making 

the popular national dish, injera. Grain milling produces the raw ingredient for injera: teff flour. But 

teff is expensive for rural consumers who commonly sell the crop in grain form (unprocessed) and 

consume cheaper grains like maize. Teff flour milling is a Tier 2 activity due to the limited demand 

for teff and low prevalence of teff milling in rural communities. See Appendix A.5 for our in-depth 

analysis of the teff value chain. 

Barley—Barley is a staple crop in the Ethiopian highlands (Oromia and Amhara). Many rural 

consumers use barley flour as a substitute for more expensive teff or wheat flours. Barley is also 

consumed as a grain and malted to make fermented beverages. Barley hulling and milling are Tier 2 
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activities because barley consumption is concentrated in highland regions where it is cultivated, 

limiting its potential to scale nationally compared with other crops that are more widely cultivated 

and consumed. See Appendix A.4 for our in-depth analysis of the barley value chain. 

Dairy—The dairy sector is still nascent in Ethiopia. Most farmers trade most of the milk they 

produce within the same day to avoid losses, without value-added processing or preservation. The 

milk that is not sold is manually processed into shelf-stable products that do not require 

refrigeration, such as butter and cheese products for household consumption. These products are 

not sold and have no proven local markets. Similarly, milk chilling is a Tier 3 activity due to low 

levels of local demand for chilled milk in rural communities, low prevalence of cold storage that 

would prove its commercial viability, and the need to develop a cold chain to connect with demand 

centers in urban areas. See Appendix A.6 for our in-depth analysis of the dairy value chain. 

4 Economic Viability of Electrifying Tier 1 Processing  

The value chain analysis found that maize and wheat milling offer opportunities for immediate 

electrification. This section adds an additional layer of analysis to assess the economic viability of 

investing in and switching to an electric mill from the processor’s perspective and to determine the 

financing needed to afford the upfront cost.  

We only model the fee-for-service (FFS) modality because survey results showed and expert 

consultation confirmed that most processors operate under an FFS modality in Ethiopia.viii The 

analysis captures all types of grain milling since milling fees do not vary significantly between grains.  

Exhibit 10: Processing Activity Analyzed 

In parallel, we also assess the economic impact on the minigrid operator that serves the load 

generated by the electric mill. By understanding the economic viability from these two perspectives, 

the analysis captures the value proposition for the two key decision-makers determining the uptake 

of electric milling in rural communities: processors and minigrid operators. 

 Processor Cash Flow Analysis 
Our analysis finds a positive economic case for investing in an electric mill, showing a positive net 

present value (NPV) and a discounted payback of less than three years. Compared with diesel-

powered mills, electric mills generate savings in operating costs, including a 48% reduction in 

energy costs and doubled profit margins.ix  

 
viii All but one processor in our survey operated under the FFS modality. 
ix Electricity cost assumption is ETB 13/kWh based on the highest approved tariff in Rensys’ solar minigrid pilot, which is 

much higher compared with the national electricity tariff in Ethiopia. Diesel fuel costs are estimated at ETB 24/liter or ETB 

50/quintal of crops processed based on survey median data.  

Crop Activity Processor Modality 

Maize, Wheat, Barley, Teff Grain Flour Milling Fee for Service (FFS) 



32 

 

Switching from diesel to electric equipment can generate significant savings. Assuming fixed 

processing volumes, the discounted value of savings over five years exceeds ETB (Ethiopian birr) 

95,000 (US$2,375x). The economic case for switching to an electric mill is positive if a processor 

can replace their mill for a lower net cost. For example, new electric mills can cost ETB 115,000 

(US$2,875), and if the processor can sell their used diesel mill for ETB 20,000 (US$500) or more, 

switching to an electric mill has a positive economic case. This switch to electric milling also offers 

co-benefits for the processor including displacing the inconvenience of traveling for and 

transporting diesel fuel and the risk of fluctuating fuel prices.  

Investing in an electric mill can generate a positive NPV of ETB 74,600 (US$1,865) and 66% return 

on investment (equity internal rate of return) over the first five years, and an NPV of ETB 166,000 

(US$4,150) over the 15-year equipment lifespan. This analysis uses conservative assumptions from 

field survey results, literature review, and expert interviews. The methodology for this analysis, 

including specific assumptions and detailed results, is shown in Appendix B. 

Exhibit 11: Electric Mill Investment Cash Flow Analysis Results 

Our research also finds that electric mills sized to meet the processors’ capacity needs are cheaper 

than diesel mills currently available in Ethiopian appliance markets. Box 4-1 presents a summary of 

a differential analysis comparing the cash flows between an electric mill and a diesel mill that is 

sized for small-scale needs. 

 Differential Cash Flow Analysis 

The smallest diesel mill identified through the field survey was 15 horsepower (HP) and the most 

common diesel mill was 27 HP, despite some processors milling as little as a few quintals of 

grains per day. This indicates that there is a market gap for smaller diesel mills that match the 

capacity needs of small-scale rural processors. Despite the market gap, we carried out a 

differential cash flow analysis using international supplier quotes as a proxy of the cost of a 

smaller diesel mill.xii The analysis captures the comparison that a would-be processor would 

make to evaluate diesel and electric options if the market gap is ever covered and smaller diesel 

mills become available.   

 
x Exchange rate is about US$1 to ETB 40 according to National Bank of Ethiopia data. https://nbebank.com/commercial-

banks-exchange-rate/, accessed in March 2021 
xi Comparing to same processing scale but using diesel-powered mill. 
xii Selected supplier quotes from Alibaba.com for Ethiopia market. 

Assumptions: 

ETB 115,000 upfront cost 

3 kW, 150 kg/hour electric mill 

500 kg/day processing volume 

ETB 1/kg service charge 

5-year NPV 15-year NPV 
Discounted 

payback 

5-year 

equity 

IRR 

5-year saving 

potentialxi 

ETB 74,600 

US$1,865 

ETB 166,000 

US$4,150 

2.4 Years 66% 

ETB 95,000 

US$2,375 

https://nbebank.com/commercial-banks-exchange-rate/
https://nbebank.com/commercial-banks-exchange-rate/
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Results show that even compared with the less expensive smaller diesel mill, there is a 

compelling positive economic case to invest in an electric mill over a diesel mill. Despite a higher 

upfront cost, electric mills have lower operating costs that boost profitability and contribute to a 

positive differential five-year NPV of ETB 67,200 (US$1,680). This means that with the same 

processing volumes and service charge, electric mills generate additional value for the investor 

compared with diesel mills. Assuming a lifespan of 15 years, the NPV difference can be as high 

as ETB 113,900 (US$2,848). 

Assumption: 

500 kg/day processing volume 

ETB 1/kg service charge 

Upfront cost 
Business profit 

margin 

5-year 

differential NPV 

of electric over 

diesel 

15-year 

differential NPV 

of electric over 

diesel 

New electric mill 

ETB 115,000 

US$2,875 

47% 

ETB 67,200 

US$1,680 

ETB 113,900 

US$2,848 

New diesel mill 

ETB 85,000 

US$2,125 

23% 

 

Further analysis suggests that as long as the price difference between electric and diesel mill 

upfront cost is less than ETB 88,000 (US$2,200), electricity price is below ETB 21 (US$0.53) per 

kWh, and electricity reliability is above 30%, the five-year differential NPV will be positive, in favor 

of the electric mill. There are other advantages to an electric mill not reflected in this economic 

analysis. For example, processors experience less air pollution, enjoy savings in transportation 

costs, reduce time spent traveling to procure diesel, and have less exposure to fuel price 

volatility. 

While results are positive, the economic returns of investing in an electric mill are sensitive to 

several factors particularly: processing volumes, fee-for-service charges, electricity prices, and 

reliability of electricity supply. Among these factors, economic viability is most contingent on 

processing volumes which is also the hardest variable to estimate accurately through field surveys.  

To break even (achieve a zero NPV), processors must mill at least 91 tons of grains annually. 

Survey results and research indicate sufficient levels of grain production to meet this threshold 

within most rural communities in Ethiopia. Survey results show that the typical community produces 

377 tons of maize annually. This indicates that there is enough production to sustain three maize 

flour milling processors in the median community, even if less than 100% of the production is 

ultimately processed in the community.  

Most processors mill more than one grain type with the same equipment by modifying the sieve 

size, and so there is an even bigger and more flexible market for processors to serve. In addition, 

grain yield and production volumes may improve. For example, wheat productivity in Zambia is 
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more than double that of Ethiopia (see Appendix A.3) and it is reasonable to assume that with 

continued government support, yields can continue to improve. 

Beyond processing volumes, the sensitivity analysis shows that within reasonable increases or 

decreases of all variables tested, investing in an electric grain mill remains economically viable. 

Exhibit 12 shows the value of variables that will set NPV to zero, when other inputs remain 

unchanged. These results provide an indication of the “ceiling” or “floor” for the value of each 

assumption that will make the investment in electric equipment economically viable. For example, if 

electricity price rises to ETB 27(US$0.68)/kWh (compared with ETB 13/kWh [US$0.33/kWh] 

“baseline” modeled), or the processors reduce their fees to ETB 700/ton (US$18/ton), the new 

grain milling business would become unviable.  

  New FFS Grain Flour Milling 

Processing volume  

Baseline 130 ton/year (about 5 quintal/day) 

Floor 91 ton/year 

Upfront cost of 

equipmentxiii 

Baseline ETB 115,000 (US$2,875) 

Ceiling ETB 280,000 (US$7,000) 

Electricity price  

Baseline ETB 13/kWh (US$0.33/kWh) 

Ceiling ETB 27/kWh (US$0.68/kWh) 

Electricity service 

reliability 

Baseline 94% (about 10 hours of blackouts in a weekxiv) 

Floor 54% (about 80 hours of blackouts in a week) 

FFS charge  

Baseline ETB 1000/ton (US$25/ton) 

Floor ETB 700/ton (US$18/ton) 

Debt interest rate 

Baseline 20% 

Ceiling 65% 

Exhibit 12: Value of Variables that Will Result in a Breakeven NPV of Zero over the Lifetime of the Electric Mill 

4.1.1 Financial Implications of Equipment Purchases 

Despite the compelling and positive economic case for investing in an electric mill, would-be 

processors need access to financing to afford the upfront cost. Lack of access to affordable credit 

is a major barrier rural processors face in upgrading their business. Only 2 of the 63 processors we 

interviewed noted obtaining loans before. A study by the USAID’s Power Africa Initiative shows that 

about 60% of households in Ethiopia have annual discretionary spending ranging from ETB 2,400 

 
xiii Includes equipment capital expenditures (capex) and other upfront costs such as transportation and delivery. 
xiv From Koftu minigrid site visit data. 
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(US$60) to ETB 3,000 (US$75), and only about 20% of households have discretionary spending 

from ETB 14,800 (US$370) to ETB 26,000 (US$650).5 This means that only 20% of the population 

can save enough in one year to afford the 20% down payment for an equipment priced at around 

ETB 100,000 (US$2,500). 

The financial assumptions used in the economic viability analysis presented in Section 4.1 are 

based on prevailing financing terms and show that a positive business case is possible with these 

conditions.xv See Exhibit 13 for a summary of assumptions and Appendix B.1.2 for more details. But 

more favorable financing terms will be needed to help processors overcome upfront investment 

costs and de-risk investment until the business case for electric milling in minigrid settings is 

proven. This section briefly explores how financing support can improve the financial viability of 

equipment investment.  

Down-payment required 
ETB 20,800 (US$520, 

20% of equipment price) 
Loan tenor 3 years 

Debt interest rate 20% (annual) Installment Quarterly 

Grant support on capex 0 Cost of equity 23% (annual) 

Weighted average cost of 

capital (discount rate) 
21% (annual) Facilitator fee 

20% (of loan amount) 

covered by grant 

funding 

Exhibit 13: Summary of Financial Assumptions in the Economic Viability Analysis 

Grant support 

Providing grants is a straightforward way for early adopters facing greater uncertainty on 

investment returns to overcome upfront costs. A 20% grant to cover a portion of the upfront 

equipment cost shortens the discounted payback period by seven months; A 50% grant shortens 

the discounted payback to just over one year. Exhibit 14 shows the impact of changing the grant 

ratio on business returns.  

 
xv Financial assumptions are based on expert interviews with microfinance institutions (MFIs) and capital goods finance 

companies (CGFC) in Ethiopia. 

Financial Assumptions 
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Exhibit 14: Grant Ratio Impacts Payback and the Rate of Returns of the New Processing Business (other 
assumptions are unchanged) 

Favorable loan terms 

Reducing the cost of debt and increasing the flexibility of the payment schedule also improves 

investment economics. For example, reducing the cost of debt from 20% to 15% increases the five-

year NPV by 20% and reduces the payback period by two months. Our analysis also suggests that 

if the finance provider extends the loan tenor to five years, the processor’s five-year return on 

investment would improve by 36% (see Exhibit 15).  

 

Exhibit 15: Impact of Favorable Loan Terms on Investment Economics 
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 Current Financial Offerings in Ethiopia 

Expert interviews and our research indicate that microfinance Institutions (MFIs) offer interest 

rates ranging from 15% to 24% and provide financing for small-scale agriculture, although this 

financing is generally provided to fund agricultural inputs (e.g., fertilizer).6 MFIs provide flexible 

payment terms for agriculture loans often with a one-time payment to match harvest cycles and 

seasonality. While one year tends to be the maximum loan tenor offered to smallholder farmers 

for agriculture loans, MFIs offer three-year tenors for business loans to small- and medium-sized 

enterprises (SMEs). MFIs generally on-lend savings from active members but can apply for five-

year loans from the Development Bank of Ethiopia (DBE), indicating that it may be feasible for 

MFIs to offer longer tenors.  

In contrast, capital goods finance companies (CGFCs) offer lower-cost financing that is less 

flexible. For example, Oromia Capital Goods Finance Company’s equipment lease agreement 

generally requires a 20% down payment, in monthly or quarterly installments over three years, 

and a 12% annual interest rate in lease charges.  

The size of individual loans may present a challenge for finance providers to finance electric 

equipment purchases. MFIs cap loan amounts at around ETB 30,000 (US$750), significantly 

below the cost of a mill of around ETB 100,000 (US$2,500). The collateral required may pose 

another barrier. Yet, experts consulted suggested using group loans and waiving collateral 

requirements to achieve the higher loan thresholds.  

MFIs commonly use social capital to enforce repayment and waive collateral requirements. 

Group loans have lower default rates and on average represent over 50% of MFI loan portfolios.7 

Additionally, the MFIs we interviewed indicated interest in exploring using the equipment as 

collateral, utilizing a similar lease model used by CGFCs. 

 

 Impact on Minigrid Economics 
This section assesses the impact of serving grain flour mills on minigrid economic performance. The 

results of this analysis show that if the equipment is compatible with minigrid design, serving 

productive use load improves minigrid system utilization and reduces the cost of service (or the 

cost-reflective tariff minigrid investors need to achieve specified project returns), especially when 

the productive load matches the solar generation profile.xvi   

We analyze minigrid economics under four scenarios (Exhibit 16) to test how seasonality and time-

of-use of the productive load affects minigrid performance. Survey data suggests that while most 

processors operate their grain mills all year round from 8 a.m. to 6 p.m., some processors report 

milling seasonally and during the evening.xvii We use a combination of HOMER Pro software and 

custom spreadsheet financial models and develop a community archetype using load data shared 

 
xvi Here we define solar generation utilization rate (solar generation to serve load and charge battery divided by total solar 

generation) as a metric to evaluate system utilization. 
xvii Over 70% (45 out of 63) grain millers reported milling is not seasonal, and about one-third of (22 out of 63) processors 

keep businesses running into the evening (past 6 p.m.). 
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by the Ethiopian Electric Utility (EEU) and our survey findings. We base minigrid cost inputs and 

assumptions on expert consultation with the EEU, Rensys, and Ethio Resource Group (ERG), to 

capture prevailing minigrid conditions. The methodology and more detailed assumptions used for 

this analysis are included in Appendix B.3.2. 

Scenarios Load Description Minigrid System Design 

Base 

Load observed in the Koftu minigrid site—

with about 162 connections—is used to 

represent the baseline load in the 

community archetype. 

Optimized hybrid system in HOMER, 

with 27 kW solar, 150 kWh battery, 30 

kW diesel backup, and 16 kW inverter.  

Productive use 

(PU) 

Loads from two grain mills added to the 

baseline load throughout the year. Mills are 

run from 8 a.m. to 6 p.m. 

Same as base scenario. The same 

system design can support productive 

load in HOMER simulations. 

Seasonal PU 

Seasonal loads of two grain mills added to 

the baseline load from December to 

June.xviii July to November load will be the 

same as in base scenario. 

Late PU 

Loads from two grain mills added to the 

baseline load throughout the year. Mills are 

run from 10 a.m. to 9 p.m. but the sum of 

total productive load equals the total 

productive load in the base + PU scenarios. 

Exhibit 16: Summary of Scenarios Analyzed for Minigrid Economics 

The simulation results find that electric grain milling can improve minigrid economics by generating 

higher revenue for the minigrid operator and increasing utilization of solar energy generated. 

Relative to the baseline load, the productive load from the two grain mills increases annual sales by 

22% under the productive use (PU) and late PU scenarios and 13% under the seasonal PU 

scenario. Exhibit 17 shows that, relative to a baseline scenario without added productive use, cost 

of service in communities with electrified grain milling can be 8%–13% lower while still earning a 

15% IRR for minigrid investors. 

While the additional revenue is beneficial, the timing of the added load is critical. While the total 

productive loads of the late PU scenario and PU scenario are the same, the late PU scenario has a 

smaller impact in reducing the cost of service. This is because about 35% of the grain mill load in 

the late PU scenario coincides with the evening peak demand (see Exhibit 18). This requires 

running additional expensive diesel generation in the evening instead of using low-cost solar 

generation during the day and pushes up operational costs. To take advantage of this benefit, 

 
xviii Based on survey results among processors who reported milling activity being seasonal, most reported the processing 

season beginning around December and ending around June. 
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minigrid operators can encourage millers and other customers with productive loads to shift loads 

to daytime hours.  

 

Exhibit 17: Minigrid Cost of Service and Tariff to Achieve 15% IRR for Investors under Different Scenarios 

 

 

Exhibit 18: 24-Hour Load Profiles in April for the Median Community Modeled (In seasonal PU scenario, April 
is the month when there is productive use load, and the load profile will be the same as in PU scenario 
showed in the middle)  

Understanding the seasonality of productive use is also critical for optimizing system design and 

operation. Grain mills that only run seasonally (December to June in our modeled case—seasonal 

PU) reduce the cost of service by 8% compared with 13% in the PU scenario. This is because fixed 

operating costs represent a large proportion of total operating costs and the seasonal loads have a 

similar cost of maintaining the minigrid system while revenue is decreased. 

In addition to economic performance, serving productive loads can also affect other aspects of 

minigrid performance. Minigrid operators will need to manage the voltage upsurge and inrush 
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current (the input surge current drawn when an appliance is turned on) when mills are connected to 

the system. Analyses of equipment specifications collected from local suppliers suggests that the 

inrush current of a 3 kW three-phase mill can be around 20 amps. With the modeled system 

configuration, the inverter would be capable of supporting the inrush current of one mill, but a soft 

starter may be needed to connect the second mill (see Appendix B.3.3).  

Our analysis at this point is largely based on reported data through surveys and only indicates early 

insights. Measured data collected through the Data Pilot (see Section 7.2) will provide more robust 

data to improve the accuracy of these estimates. However, site-specific analysis and field-testing is 

still needed. Minigrid developers should carefully test assumptions used here to assess their 

relevance to the conditions found in their specific site.  

5 Business Model Design  

While the economic analysis shows attractive financial returns for a grain flour milling business with 

an electric mill, would-be processors need viable business models and access to knowledge and 

support to seize the opportunity. We define business models as the modality of how would-be 

processors operate their businesses, and the relationships and arrangements between actors to 

facilitate investment and use of equipment.  

Because of their inherent interdependence in promoting rural economic development, the 

disaggregation of energy, agriculture, and financing sectors results in the inefficient and suboptimal 

use of resources, limiting the advancement of individual sector efforts. Coordination between 

agriculture, electricity, and finance will provide the necessary sector-specific knowledge needed to 

efficiently develop productive uses. Stakeholders who implement these efforts—such as minigrid 

developers, agricultural processors, and financiers—need to coordinate at the community level. By 

collaborating and synchronizing their activities, stakeholders can increase their overall efficiency 

and channel resources to highest priority opportunities. 

This section recommends two business models that address the coordination challenge by 

establishing the arrangements between and the duties and responsibilities of stakeholders and 

explores potential sources of financing. Through consultation with financiers, community-based 

organizations, and minigrid operators we found that these two models hold the most promise, so we 

explore them in further depth in this study.  

Between the two models, we find the fee-for-service model more suitable for scaling 

implementation of Tier 1 activities. This is because of the prevalence of organizations to fulfill the 

facilitator role and the nascent stage of the minigrid market in Ethiopia where minigrid developers 

are still developing the skills to run utility businesses effectively. We also include a cooperative-

based model in Appendix C that may be appropriate in communities where there is surplus crop 

production and the local cooperatives are able to connect to other markets, but may not be suitable 

for widespread adoption.xix Nonetheless, the team will further explore, test, and refine this 

 
xix Such as funding, working capital, market linkages, etc. 
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prioritization and specific designs through community consultation during the design seminars (see 

Section 7).   

 Viable Business Models for Tier 1 Activities 

5.1.1 The Fee-for-Service Business Model 

Fee-for-service (FFS) grain flour milling is already a common practice in Ethiopia. Out of the 63 

grain flour millers we interviewed in our survey, 62 reported operating their businesses by charging 

customers for milling services on a per-kilogram basis using diesel- or petrol-powered mills. Ninety-

five percent of them expressed strong interest in improving the profitability of or expanding their 

business.  

As described in Section 3, barley, maize, teff, and wheat are generally traded in grain form, and 

processed before people consume them. A few stakeholders we interviewed, even though living 

around Addis Ababa, noted that Ethiopians prefer to buy grains in the store, then go to a 

processing center for milling (especially for pricier teff). As such, the design of the FFS model builds 

on existing practices and social interactions that reflect local needs and preferences and is more 

likely to be successful and require less capacity building to implement. 

In the fee-for-service model a processor invests in electric equipment and provides a processing 

service for a fee. Exhibit 19 illustrates the roles and relationships among actors participating in the 

fee-for-service model. In this model, a facilitator connects the processor to capacity building and 

financing. The facilitator supports the processor throughout the business development process, 

from building awareness about the opportunity, to equipment selection, to supporting with 

developing the business plan and applying for financing. As viability of electric processing 

businesses in rural communities is proven and actors in the model gain experience and 

capacity, the facilitator role can be removed. 

 

 Exhibit 19: Institutional Arrangement for the Fee-for-Service Model  
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In this model, the processor owns the equipment and can capture a greater portion of the value 

addition from investing in electric equipment. Other actors also benefit:  

• The facilitators fulfill their mission to enhance agriculture sector development in rural areas 

and can attract additional development funding.  

• Electricity providers earn additional revenue from serving the productive load.  

• Equipment suppliers increase equipment sales in serving a new market.  

• Finance providers increase their agriculture and energy sector portfolios.  

• MFIs meet their mandate to support rural income-generating activities (see Box 5-5 MFIs in 

Ethiopia). 

Roles and Responsibilities of Actors in the Fee-for-Service Business Model  

This section explains the roles and responsibilities of actors in the fee-for-service model by 

presenting examples of potential candidates that could fulfill the roles. These examples are meant 

to illustrate the characteristics of actors and the relationships among them and are not meant to 

indicate commitment from organizations mentioned to implement the model.  

The processor invests and owns the electric equipment and is responsible for managing and 

operating the processing business, as well as repaying the loan or lease for the equipment. In the 

short term to leverage quick wins, the processor can be a local entrepreneur or a group of 

individuals with experience running similar processing businesses with diesel- or petrol-powered 

equipment to serve smallholder farmers in local and nearby communitiesxx (Box 5-1 presents a 

profile of the type of candidate targeted). Processors can also include new business owners 

investing in equipment for the first time, such as organized youth groups. But more training and 

financial support may be needed during the early stages to support this category of entrepreneurs. 

 
xx For example, groups facilitated by Sasakawa, and in AgroBig’s mobile thresher pilot (see Box 5-2). 
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 Profile of Existing Grain Miller in Rural Ethiopia 

Mr. Eyale Selabat Gessese (pictured) is a 

processor in Minda kebele in Amhara region. 

He owns a 27-horsepower diesel-powered mill 

and processes barley, maize, and teff for 

households in the community. The community 

currently lacks access to electricity but is 

categorized as “minigrid priority” in the Least 

Cost Electrification Plan.  

Mr. Gessese operates the business throughout 

the year, but peak periods occur from 

November to June when he operates the mill 

eight hours, serves about 20 customers, and 

processes 10 quintals of grains each day for 

about ETB 70 per quintal. Diesel fuel is the 

biggest operating expenditure, at about ETB 50 

per quintal crop processed.  

Mr. Gessese is one of the few processors who 

managed to access financing for his processing 

business, securing an ETB 242,000 loan from 

Amhara Credit and Savings Institution. He 

expressed strong interest in improving the 

profitability of his business and noted the 

challenges around finding reliable and 

affordable energy sources and access to 

financing and technical assistance.  

Similar conditions prevail in Oromia and 

SNNPR. The field surveys indicate the presence 

of processors in rural Oromia and SNNPR who 

operate similar milling businesses and face 

similar challenges to invest in their businesses. 

These are the local entrepreneurs who fit the 

role of the processor in the fee-for-service 

model.  

Survey results suggest that there is enough 

local processing demand to justify switching to 

electric equipment (see Section 4.1). To enable 

the switch to electricity, financing support as well as technical and business managerial capacity 

building is needed to support candidates like Mr. Gessese. 

 

The facilitator connects processors with equipment suppliers and financiers, leveraging its 

agriculture sector expertise, technical knowledge on electric equipment and business management, 
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and trust and relationships with processors. To fulfill this role successfully, the facilitator should be 

familiar with the farming practices and understand the processing needs and preferences of the 

community.  

The facilitator informs processors of the opportunity to invest in electric equipment and supports 

processors on selecting suitable equipment for their business needs. The facilitator also provides 

training and capacity building on proper operation of equipment and reinforces business 

management skills where and as needed. The facilitator would also work closely with the 

processors to identify potential financing options and assess the financial feasibility and develop the 

business plan for the loan or lease application. In more remote regions where equipment suppliers 

are unable to perform after-sales service, the facilitator would support training a network of local 

technicians to provide routine maintenance and repairs and coordinate with equipment suppliers for 

obtaining spare parts. 

Candidates that can fulfill the facilitator role need to be embedded within agrarian communities and 

have experience providing services to these communities. Given the wide-ranging nature of the 

skills needed, it may be hard in some communities to find one agency to fulfill all facilitator 

responsibilities. In cases like these, partnerships can be established. For example, the facilitator 

could connect with equipment manufacturers who would support providing training on equipment 

use. The facilitator could also leverage local agriculture support offices’ networks and expertise in 

awareness raising and selecting processor candidates to work with.  

To place the role in context and further clarify the reader’s understanding, Box 5-2 presents 

examples of AgroBIG and Sasakawa Africa Association serving a similar role promoting agricultural 

mechanization in rural Ethiopia.  
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 Profile of a Facilitator 

The Sasakawa Africa Association (SAA) has experience supporting agricultural mechanization in 

Ethiopia, including grain milling, threshing, and rice parboiling.xxi SAA often partners with woreda 

officials to select candidates, then helps farmers—especially women—to form small enterprises, 

supports them to develop business plans, and provides subsidized processing equipment for 

early adopters. SAA also provides ongoing support to improve the performance of existing 

agrobusinesses, providing training on equipment operation and business management.  

To ensure timely equipment maintenance, SAA identifies technicians in the woreda with some 

prior experience and basic levels of expertise. The organization then trains and links them to 

equipment suppliers for spare parts, leveraging the good relationship SAA has established with 

equipment manufacturers. 

The Agro-Business Induced Growth Program (AgroBIG) in Amhara region aims to establish 

efficient and profitable value chains. AgroBIG supports interventions to develop value chains and 

provides extension services and access to credit by building local capacity.8 In Mecha woreda, 

AgroBIG ran a pilot to test the financial viability of a mobile diesel thresher for maize. AgroBIG 

provided business development services to organized youth groups and helped them apply for 

grant funding. AgroBIG supported building linkages with equipment suppliers and trained local 

operators on operating and maintaining the maize thresher.  

Mr. Belayneh is one of the beneficiaries of the program. He and his friends formed a partnership 

and contributed 15% of the cost of the thresher. His business threshes maize at 10 ETB per 100 

kg of maize, providing time and money savings to local consumers. Whereas mechanically 

threshing 100 kg of maize takes only a few minutes, manual threshing the same amount takes 

four workers an entire day of labor and can cost farmers 280 ETB. Farmers save money and time 

and welcome a fee-for-service mechanized threshing business serving their local community. 

As these examples illustrate, capable and motivated community-based organizations are already 

serving similar roles in rural communities in Ethiopia and such prior experience can provide lessons 

learned to guide implementation of the fee-for-service model. 

The equipment supplier provides high-quality electric equipment that meets user preferences and 

minigrid technical requirements when applicable. The equipment supplier will be responsible for 

delivering and installing equipment,xxii supporting user training, and providing timely service and 

maintenance. If the community is beyond reach of the supplier’s service areas, the supplier 

supports the facilitator in training a network of local technicians and supplies spare parts when 

needed.  

 
xxi https://www.saa-safe.org/wwd/theme2.html, also from interview with Dr. Fentahun Mengistu, Ethiopia Country Director 

and Ms. Aberash Tsehay, Post-Harvest Agro-Processing Theme Lead at Sasakawa. 
xxii In Ethiopia, equipment suppliers often charge extra for equipment delivery and installation, and sometimes customers 

arrange their own transportation. 

https://www.saa-safe.org/wwd/theme2.html
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The equipment supplier prepares a purchase agreement that stipulates equipment specifications, 

purchase price, payment terms, estimated delivery date, technical warranty, and terms. The 

agreement would also align expectations and accountability between the processors (or equipment 

lessors) and equipment suppliers on training and service and maintenance timeline and 

arrangements. The signed equipment purchase agreement will serve as proof of purchase to 

financiers. 

AMIO Engineering, a local equipment manufacturer and importer, offers a range of agricultural 

machinery and processing equipment, including the maize thresher used in AgroBIG’s pilots 

discussed in Box 5-2. Marast, another local manufacturer, has grain mills and threshers in its 

product catalogue that processes about 200 kg of crops per hour,9 which fits the small scale of 

operations found in rural communities. Although already serving smallholder processors, AMIO, 

Marast, and other suppliers in Ethiopia currently do not offer electric equipment in rural areas and 

lack the knowledge on equipment specifications suitable for minigrids. Fortunately, these suppliers 

generally have the ability in-house to design and customize equipment. Several suppliers we 

interviewed expressed interest in prototyping and testing new electric equipment to better serve the 

market. 

The financial institution provides loans or leases to processors for electric equipment and is 

responsible to collect loan or lease payments. The scope of responsibilities the financial institution is 

responsible for varies depending on the strengths and characteristics of the financial organization 

that fulfills the role.  

There are two main categories of financial institutions that can fulfill this role: the MFIs that provide 

equipment loans, and the capital goods finance companies (CGFCs) that provide equipment 

leases. Whereas the CGFC is actively involved in reviewing and advising in selecting equipment, the 

MFI relies on the facilitator to advise the processor in this task. As such, the choice of whether a 

CGFC or MFI participates in a specific application of the model affects the breadth and depth of the 

role of the facilitator. Exhibit 20 summarizes the roles of MFI and CGFC, and their current 

requirements for borrowers or lessees to qualify for a loan or lease. 
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 MFI CGFC  

Financier 

role in 

business 

model 

• Assess loan applications 

• Disburse financing   

• Monitor loan portfolio and collect 

loan payment  

• Assess lease applications  

• Work with applicant and support 

equipment selection 

• Party to the purchase agreement with 

equipment supplier to procure equipment  

• Monitor processing business and 

equipment operation and 

collect lease payment  

• Provide ongoing technical support and 

coordinate after-sale service when needed 

Down 

payment 

requirement 

MFIs are not currently providing 

equipment financing in the 

agriculture sector  

20% of equipment price (Oromia CGFC data) 

Collateral 

requirement 

• Individual loan: yes, up to 100% of 

loan amount often in the form of 

deeds 

• Group loan: not required 

Equipment serves as collateral, the GCFC 

recovers equipment if the lessee defaults 

Exhibit 20: Summary of MFI and CGFC Roles and Requirements 

Box 5-3 presents a deeper look at the role and responsibilities of the financial institution as 

implemented by MFIs and CGFCs. Section 5.2 compares these financing options in more detail. 

 Role and Responsibilities of MFIs and CGFCs in the Fee-for-Service Business Model 

The financial institution’s scope of responsibilities varies depending on the strengths and 

operating model of the finance provider. If an MFI is the finance provider, the facilitator plays 

a bigger role in advising the processor in selecting equipment, developing a business plan, 

and applying for a loan. The role of the finance provider is limited to reviewing and approving 

the loan application and collecting payments.  

The role of the financial institution is broader with the participation of CGFCs. CGFCs’ 

operating model mandates playing an active role in the selection, purchase, and 

maintenance of the equipment because in offering a lease, CGFCs are responsible for 

securing finance to purchase equipment on behalf of processors, often on their own balance 

sheet. CGFCs own the equipment at least for the period until the lessee pays off its financial 

commitment. As such CGFCs have a stake in ensuring the proper selection and operation of 

the equipment. Additional detail on the CGFC’s operating model is included below. 

Upon receiving the application to lease equipment, the CGFC’s appraisal team reviews the 

business plan and assigns an officer to work with the processor to procure equipment.10 The 

officer recommends equipment specifications based on the applicant’s needs. The potential 

lessee then has two options. They can shop around and submit three to four supplier pro 

forma invoices for the GCFCs review and approval or they can rely on the officer to provide 

technical assistance and lead in requesting and evaluating quotes and selecting equipment. 

In both cases the officer reviews the pro forma invoices and specifications and comes to a 
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mutual selection agreement with the lessee, after which CGFCs enter the purchase 

agreement with equipment suppliers.  

Once the lease takes effect, the CGFC will assign officers to monitor business operation and 

equipment usage, provide technical support when needed, and collect lease payments. With 

every lease payment, a portion of the equipment ownership transfers from the CGFC to the 

lessee. In the event of default, CGFC will repossess the equipment, barring the processor of 

the right to use the equipment and of future ownership.  

The CGFC takes over many of the facilitator’s responsibilities around equipment selection 

and capacity building for equipment operation. This operational model requires more active 

engagement by the CGFC than is required by the MFI, and so the CGFCs’ participation will 

be limited to the geographic regions where their officers can serve this active role.  

Currently, most CGFCs serve larger markets and customers where this type of active and 

ongoing support is paid off by larger equipment purchases and generally have limited 

presence in deeply rural communities. As such, CGFCs may be more suited to financing 

larger equipment purchases through the utility-led model (see Section 5.1.2), where they 

would be working with larger businesses and could explore bundling and funding equipment 

purchases for the processing center and the energy system. 

 

The electricity provider (minigrid operator) remains in the main business line of supplying and selling 

electricity and would advise on technical requirements for electric equipment in a minigrid context. 

If the tariff policy permits and end-consumers are willing to shift their consumption preferences, the 

minigrid operator could explore tariff structures that encourage equipment operators to shift 

productive loads to hours when there is excess solar generation. This would reduce costs and 

create a win-win situation for end-consumers, processors, and the minigrid system.  

Given that the minigrid market is nascent in Ethiopia, and that both private sector developers and 

EEU are still building their experience and expertise developing and operating minigrids, limiting 

their role in the business model will reduce their managerial burden in these tougher early stages. In 

the utility-led model introduced below, the electricity provider would take a bigger role, and more 

risk, in leading productive use implementation. 

5.1.2 The Utility-Led Business Model 

In the utility-led model (Exhibit 21), the electricity provider (EEU, a private minigrid developer) will 

first invest and own the electric equipment and charge local farmers a usage fee. The electricity 

provider may then transfer ownership of the business to local processors. Therefore, the electricity 

provider is ultimately responsible for credit and operational risks associated with the processing 

business. This arrangement would work well when larger investment is required or to introduce new 

productive use technologies to the community.  

For this model to be effective in creating value to the local community, the electricity provider must 

invest time and resources in understanding local market needs and select the suitable technology 
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and service (see Box 5-4 for a case study of Rensys leading productive use in its minigrid pilot). 

Where possible, the electricity provider should consult with a facilitator to better understand local 

end-consumer needs and preferences. 

 

Exhibit 21: Institutional Arrangement for the Utility-Led Model  

This model aligns the interests of the electricity provider to supply reliable electricity for the 

processing center. This model might also be easier for policymakers and development partners in 

the energy sector to support during early stages, as they can channel their support for productive 

uses directly to the electricity provider that they are already supporting and use the channels to 

reach minigrid developers established under the electrification program. As such, minigrid 

developers in the utility-led model may be able to access additional sources of funding not typically 

available to small-scale entrepreneurs in rural communities. By integrating the processing center 

into their site development plans, minigrid developers may be able to access concessional funding 

and their own project equity. 

Additionally, this model does not expose local community members to credit risk at first while 

providing the local community with a new processing service. As a result, it might be more suitable 

for earlier stage productive uses that are not yet proven and require more support and concerted 

effort from development partners to develop.  

However, compared to the fee-for-service model, most of the value addition is captured by the 

electricity provider. One way to share the value captured more broadly in the community is to 

arrange the gradual transfer of ownership to local entrepreneurs (similar to a lease-to-own 

agreement), where the electricity provider ultimately serves as the finance provider. 

 Case Study of Utility-Led Productive Use Implementation in Ethiopia11 

With grant support from the United States African Development Foundation (USADF), minigrid 

developer Rensys Engineering commissioned Ethiopia’s first private solar minigrid in 2018 in Dek 
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island, Lake Tana, Amhara region. The 18 kW solar and 144 kWh battery system provides clean 

electricity to about 10% of the population on the island.  

In the planning phase of the project, Rensys assessed and incorporated productive use in its 

development plans. Through multiple site visits and door-to-door surveys, Rensys analyzed the 

fishing value chain and identified an opportunity to support local fishermen with access to cold 

storage. Rensys now provides cold storage services to local fishermen with the option to own the 

equipment through a lease-to-own arrangement. 

Early success with this model has led Rensys to diversify the productive uses it offers and is now 

exploring establishing a fee-for-service cold room for smallholder horticulture farmers. This 

service will enable small-scale farmers to store their perishable produce and gain bargaining 

power when selling their harvest. Farmers will be charged based on the space and length of 

storage used. 

 

Roles and Responsibilities of Actors in the Utility -Led Model 

Most actors in the fee-for-service model would also participate in the utility-led model. Depending 

on the electricity provider’s capacity, the roles and responsibilities of other actors can vary. 

The electricity provider, in addition to supplying reliable electricity, will lead the effort in identifying 

electrification opportunities in the community with support from the facilitator, conduct feasibility 

analysis, develop a business plan, and introduce suitable technologies to the community by 

investing and operating the processing center. The electricity provider will also be responsible for 

securing financing for the productive use equipment and procuring equipment. They will also 

coordinate with the facilitator, local technicians, and the equipment suppliers to ensure timely 

service and maintenance of equipment if the electricity provider themselves lack the technical 

capacity in-house or on-site.  

In the alternative arrangement where the electricity provider offers lease-to-own equipment to local 

entrepreneurs, the electricity provider will take on additional responsibilities of selecting processor 

candidates, collecting equipment payment, and monitoring operation of the processing center.  

The facilitator’s main responsibility is to support the electricity provider in identifying productive use 

electrification opportunities, leveraging the extensive knowledge of agriculture sector and local 

communities. This support ensures that the technology introduced fits local context needs and 

creates value for the community members, which will determine the economic viability of the 

processing center. If the electricity provider lacks knowledge on equipment, the facilitator could 

advise on equipment selection and support training local technicians to support equipment service 

and maintenance.  

The equipment supplier and financial institution will perform the same roles as in the fee-for-service 

model and can be filled by the same candidates. Besides MFIs and CGFCs, the electricity provider 
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may have access to other types of financial institution such as commercial banks and concessional 

lenders to finance productive use equipment. 

 Financing Options for Equipment Purchases 
As discussed in Section 5.1, the financier role in both business models can be fulfilled by MFIs 

providing equipment loans or by CGFCs offering equipment leases. MFIs have more branches and 

officers to reach a broader client-base, and many already have decades-long experience financing 

the small-scale agriculture sector and so understand the customer base. CGFCs have technical 

expertise of and experience with agricultural mechanization but generally have less experience 

serving small-scale rural entrepreneurs and lack the infrastructure to do so in the short term. 

Depending on the region of interest, processor profile, and size of the processing business, MFIs 

and CGFCs may be well positioned to serve different segments of the equipment financing market.  

5.2.1 Equipment Loans through MFIs 

MFIs provide most formal financing in rural communities in Ethiopia, with extensive networks of 

branches and officers and ability to serve more remote regions (see Box 5-5 for a brief introduction 

of MFIs in Ethiopia and Box 4-2 in the economic analysis section for a description of their loan 

offerings). Many MFIs have provided loans for investments in agriculture for decades, primarily 

supporting farming inputs such as seeds and fertilizers. More recently MFIs have ventured into 

financing solar energy projects.  

 MFIs in Ethiopia 

To date, there are 28 MFIs registered in Ethiopia, and by the end of 2018, the loan portfolio held 

by MFIs was around ETB 43 billion. The MFI sector in Ethiopia is consolidated, with 15 major 

MFIs accounting for over 98% of total business.12  

Public MFIs are limited to serving specific regions, as they are often financially backed by regional 

and municipal governments. For example, as of April 2019, the Oromia Credit and Savings Share 

Company (OCSSCO) had 384 branches in all zones in Oromia, covering almost all districts.13 In 

contrast, private MFIs have a wider geographical reach but tend to focus on urban markets. 

Ethiopian MFIs already have a long history of providing a range of financial services, including 

providing voluntary and compulsory savings, micro-insurance, remittances, and micro-loans.  

The legal and regulatory framework governing MFIs establishes their mandate to support the 

income-generating potential of micro- and small-scale entrepreneurs and aligns closely with 

supporting productive uses of electricity. Proclamation No. 40/1996, A Proclamation to Provide 

for the Licensing and Supervision of the Business of Microfinance Institutions, and the 17 

directives issued by the National Bank of Ethiopia (NBE), constitute the legal and regulatory 

framework governing MFIs.  

The Micro Financing Business Proclamation (No. 626/2009) and its Amendment (No. 

1164/2019) specifies that the main purpose of an MFI is to collect deposits and extend credit to 

rural and urban farmers and to micro- and small-scale entrepreneurs and to support income-
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generating projects. Expert interviews indicated that some MFIs receive additional mandates to 

finance access to renewable energy in off-grid communities.  

MFIs’ funding sources include savings from active members and loans from the Development 

Bank of Ethiopia (DBE). DBE usually offers MFIs five-year loans with a one-year grace period, at 

an 8%–9% interest rate and semiannual installment, requiring no collateral.14 MFIs apply for 

funding once a year around June, and the final approval is made by both DBE and NBE.  

In recent years, the demand for loans from MFIs has outpaced growth in savings. MFIs indicated 

that liquidity challenges and loan fund shortages limit their ability to offer more favorable terms for 

loan borrowers and to extend their existing portfolios and geographical reach. As a result, for 

MFIs to serve the new market of financing investments in electric equipment, they will need 

access to funding for capital injections.  

Although MFIs are not currently providing large enough loans to afford electric equipment, the MFIs 

we consulted recognized how serving the productive use market aligns with their mandates (see 

Box 5-5). They expressed interest in exploring ways to work with policymakers and other actors to 

define suitable terms and serve this market. However, they also expressed the need for securing 

additional funding streams with terms that would allow them to serve this market, including longer 

tenor periods. They also expressed the need for capacity building to identify and understand viable 

productive uses and equipment and monitor loan repayment.  

MFIs rely on a network of officers based close to their clients, and each officer on average works 

with hundreds of borrowers.15 To expand their portfolio, MFIs may need support for recruiting and 

training more qualified officers, for transportation to reach new service regions, and possibly for 

upgrading IT systems to monitor longer-lasting loans.16  

The MFIs we interviewed also highlighted the need to ensure that business models covered proper 

equipment maintenance, noting the difficulties they experienced financing solar home systems. 

Solar companies failed to follow up after installation and customers were not able to repair solar 

panels when the systems broke down, leading to customer reluctancy to repay their loans and a 

significant number of loan defaults. Ensuring that channels for quality and timely repair services are 

embedded in the design of business models will be a key requirement for getting MFI buy-in and 

willingness to provide financing for productive use equipment. 

5.2.2 Equipment Leases through CGFCs 

Processors can also partner with CGFCs to enter a financial lease and gain usage rights of the 

electric equipment, with the option of eventually owning the equipment (see Box 5-6 for a brief 

introduction of the equipment leasing market in Ethiopia). CGFCs are already supporting 

agricultural mechanization in both urban and rural markets, providing farming machinery and agro-

processing equipment on lease. But there is no precedent for providing electric equipment for rural 

customers so far because demand for this type of equipment does not exists due to the lack of 

reliable electricity access in many rural communities.17  
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 Leasing Market in Ethiopia 

In Ethiopia, lease financing is still nascent. The first leasing regulation, the Proclamation 

No.103/1998 Capital Goods Leasing Business Proclamation was issued in 1998. However, little 

development took place until an amendment (Proclamation No.807/2013) of the proclamation 

came into effect in 2013.18 The Amendment assigned the National Bank of Ethiopia (NBE) to 

regulate, license, and supervise the financial lease and hire-purchase market. The main 

difference between financial lease and hire-purchase is that hire-purchases transfer an equal 

share of the ownership to the lessee with each payment, and the lessee automatically becomes 

the owner of the equipment upon last payment. Under financial leases, lessees have the option to 

buy the capital goods after the lease period ends, subject to agreement with the leasing 

companies.  

Following the Amendment, NBE issued five licenses to five Capital Goods Finance Companies in 

early 2014—Addis CGFC (in Addis Ababa), Oromia CGFC (in Oromia), Waliya GCFC (in 

Amhara), Debub CGFC (in SNNPR), and Kaza CGFC (in Tigray). The five CGFCs soon began 

providing leasing services in their respective regions. In August 2019, NBE granted the sixth 

leasing license to Ethio Lease, which finances investments in large-scale machinery and that 

became the first (and the only thus far) foreign-owned leasing company operating in Ethiopia. 

MFIs by regulation (Microfinancing Business Proclamation No. 626/2009 and the Amendment 

No. 1164/2019) may provide financial leasing services but the MFIs we consulted indicated they 

have not entered the space and prefer to leave the leasing business to the GCFCs in the near 

term.xxiii 

A closer look at a GCFC suggests that the lease scheme may be more suitable for larger 

equipment purchases. Oromia CGFC, for example, currently has an ETB 200 million portfolio 

providing various equipment options including threshers, grain mills, and bread-making machines 

to 21 zones in Oromia. Their lessees include individuals and limited companies in both urban and 

rural areas. Grain mills offered in urban regions are usually electric, while in rural areas large-

sized (e.g., 45 kW, 2,100 kg/hour) diesel-powered mills are provided due to lack of electricity 

access. This pattern of selling larger equipment in rural markets suggests that Oromia CGFC 

works with larger rural customers to justify the greater efforts and resources needed to serve this 

market segment. 

The effort and resources required to serve the leasing market are substantial. Oromia CGFC has 

a roster of suppliers for the different types of equipment it provides to enable a greater selection 

of options for customers. They also have knowledgeable officers working across 15 branches to 

support customers in equipment selection, installation, and training on equipment operation, and 

to collect lease payments and monitoring business operation (see Box 4-2 in economic analysis 

section for Oromia CGFC’s current terms offered).  

 

 
xxiii Including Amhara Credit and Savings Institution, Oromia Credit and Savings S.C., and VisionFund MFI. 
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The CGFCs we interviewed expressed interest in expanding their portfolio to include financing for 

smaller-scale electric equipment for rural customers if the business is proven viable. However, there 

are many challenges faced by GCFCs in scaling the leasing market to serve this market segment.  

For example, lessees in this new market segment may lack capacity and require more support to 

prepare business plans and properly operate the equipment. This may require additional training for 

the GCFC staff on evaluating and appraising business plans to make up for these gaps. CGFCs 

would need to determine whether the additional time and resources needed to serve this new 

market segment is recuperated in additional revenues. Therefore, early adopters serving this new 

segment may require support until proving the viability of serving this market segment.  

Additionally, because GCFCs do not traditionally serve such small customers, they lack the 

infrastructure and linkages to access and serve this new and remote market. As such, GCFCs may 

be more suitable for the utility-led model, in which customers (the minigrid developers) are larger 

and will generally have a presence in urban centers. 

5.2.3 Comparative advantages of MFIs and CGFCs 

Introducing CGFCs to fulfill the financier role would spread the credit and operational risk across 

actors in the business model and in so doing align actors’ interest toward ensuring the proper 

selection and maintenance of equipment. Alternatively, MFIs have a wider presence throughout and 

more experience working with rural communities. Thus it will be an easier gap to bridge for MFIs to 

extend their financing services to include equipment financing than it would be for CGFCs to enter a 

new market segment.  

The CGFC operational model assigns a portion of the operational and credit risk to actors with the 

expertise, experience, and purchasing power to better manage those risks. CGFCs are familiar with 

agricultural equipment so have the expertise to select the right equipment (see Box 5-3 for details 

on the leasing operation at CGFCs). Because the CGFC is the owner of the equipment until the 

ownership is transferred to the processor, the CGFC is motivated to ensure the equipment is well 

maintained. It does this by collaborating with the equipment supplier on an adequate after-sale 

service schedule. The CGFC is also motivated to ensure that the processors know how to properly 

operate the equipment. The equipment suppliers, on the other hand, have a stronger incentive to 

provide proper maintenance support because they want to maintain a good relationship with the 

CGFC, which is one of their larger customers.  

However, CGFCs have a much smaller number of branches and officers than MFIs and developing 

this infrastructure will take time. As such, MFIs are better poised to serve small processors in 

remote rural regions and scale implementation in the short term. That is, due to MFIs’ larger 

customer base and broad geographic coverage, they are currently better placed to expand their 

portfolio quickly. However, depending on the location and size of the processor seeking equipment 

financing, a CGFC may be a more attractive option. For example, a CGFC may be well placed to 

finance a minigrid developer making a larger investment in developing a minigrid system and 

investing in a processing center under the utility-led model.  
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6 Preliminary Design of the National Productive Use Program  

With this section, we identify the prerequisites to scale electrified agricultural productive uses. We 

also explore the barriers limiting these prerequisites and use this understanding as a basis to 

prioritize interventions in the preliminary design of the national productive use program. For an in-

depth description of the projects that make up the productive use program see Appendix D.  

 Desired Outcomes of and Barriers to Productive Use 
There are a set of five prerequisites that must be met to ensure that the use of electricity for 

agriculture activities will increase incomes across rural communities in Ethiopia. These prerequisites 

guarantee processors are equipped to invest in electric equipment and operate commercially viable 

businesses in rural communities. However, as Exhibit 22 shows, five barriers limit these 

prerequisites. We explore each of these prerequisites alongside their related barriers below.  

 

Exhibit 22: Prerequisites and Barriers to Productive Use  
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Prerequisite 1: Communities have access to affordable and reliable electricity. Affordable and 

reliable electricity access is the foundation for electrified productive uses. A would-be processor will 

not be willing to invest in electric equipment if she or he does not think they will be able to 

sufficiently operate the equipment to recover their investment. Nearly all experts we consulted and 

over 80% of agro-processors we surveyed noted the lack of reliable electricity to operate machines 

as the most or second most important barrier rural entrepreneurs face.xxiv 

Prerequisite 2: Processors are aware of investment opportunities and equipped to develop 

enterprises. There is limited precedent to show the economic viability of electrified agro-processing 

businesses in rural regions. The field survey only found two grain millers, two threshers, and two 

dairy refrigerators among 101 agro-processing business owners who use electricity to power their 

equipment. Without robust examples showing the technical and financial viability of electric 

equipment in rural communities, processors will be unwilling to invest in electric equipment.  

Beyond the desire to purchase electric equipment, processors need to be aware of the 

opportunities available to finance equipment. They must also have the skills to select equipment 

and develop a business plan. Survey results suggest that it is challenging to access extension or 

business development services in agricultural communities, as 38 out of 69 respondents said it was 

difficult or very difficult to do so. 

Prerequisite 3: Available financial solutions meet community needs. About 60% of survey 

respondents identified lack of access to credit among the top two barriers preventing them from 

upgrading their business and only two of the 63 grain millers we surveyed had obtained a loan in 

the past.xxv MFIs consulted identified proven financial viability of the applicant’s business as the top 

factor in determining loan approval. The lack of evidence showing the economic viability of 

electrified agro-processing businesses in rural regions also limits access to credit.  

Most local finance providers do not serve the appliance financing market for agricultural productive 

uses in rural areas. Even CGFCs that finance agricultural equipment purchases do not target 

smaller-scale rural customers. As a result, finance providers do not understand market needs and 

how to serve them successfully. But finance providers also face capital constraints. MFIs lack 

access to longer-lasting funding to on-lend in the appliance financing market where longer tenors 

are needed (see Section 5.2.1).  

Prerequisite 4: Efficient, compatible equipment with timely maintenance services is available and 

affordable.  

The World Bank ESMAPs review of the appliance market in Ethiopia suggests that existing 

equipment suppliers can provide or manufacture electric options for Tier 1 activities identified here 

(see Box 6-1 for an overview of the appliance market in Ethiopia).19 Nonetheless, additional 

research is needed to test these locally available electric equipment options to ensure compatibility 

 
xxiv In the field survey, 52 out of the 101 agro-processors rated the lack of reliable electricity as the most important barrier 

they face to grow their businesses, and 31 noted it as the second most important barrier. Among grain millers, 55 out of 

63 reported the lack of electricity as the most important or second most important barrier. 
xxv Out of 101 agro-processors, 40 noted lack of access to financing as the most important barrier and 17 rated it as 

second most important. 
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with minigrid systems, operator requirements for efficiency, and end-consumer product 

preferences. 

Equipment suppliers we consulted noted they often face capital constraints that limit the variety and 

amount of equipment and spare parts they have available in stock. In addition, most equipment 

suppliers are based around Addis Ababa and lack the infrastructure to provide prompt after-sale 

service and maintenance for customers in remote rural areas, where demand for productive uses 

exists. The lack of spare parts and timely repair services leads to lost revenue that limits the 

profitability of processing businesses.  

This risk of delays in repairs and foregone revenues can demotivate would-be processors from 

purchasing equipment. Similarly, finance providers will be reluctant to finance equipment purchases 

unless timely maintenance is guaranteed, due to their experience financing solar home systems 

where lack of after-sale service led to significant loan defaults (see Section 5.2.1).  

 Appliance Market in Ethiopia 

There are dozens of suppliers that import, manufacture, and distribute agricultural equipment in 

Ethiopia, offering a selection of equipment including irrigation pumps, threshers, hullers, mills, 

milking machines, dough mixers, bread ovens, etc. However, the Ethiopian appliance market is 

opaque, and it is difficult for a would-be equipment investor to make informed decisions.  

A market study developed by ESMAP shows that there are significant differences between the 

price and power rating of the same type of appliance, depending on whether the appliance is 

domestically made or imported.20 Locally manufactured mills for example are more expensive 

than imported mills of the same capacity, while domestic pulpers and dairy pasteurizers are 

cheaper than the imported alternatives. The underlying design or quality differences causing 

these price disparities are not immediately clear; therefore, making an informed purchase 

decision based on the value for money of the different options available is difficult. One reason 

leading to this situation is the lack of equipment standards. The Ethiopian Standards Agency only 

has mandatory standards for irrigation pumps and voluntary standards for welding machines. 

Equipment supply is concentrated in Addis Ababa and nearby regions and the volume of 

equipment availability remains low, generally limited to tens or hundreds of appliances produced 

and available annually. Most suppliers operate on-demand, importing or manufacturing 

equipment in response to requests from customers, and they often lack equipment or spare parts 

on stock. The amount of time it takes to respond to customer orders is also difficult to predict, 

especially if the order requires importing components. This means that a would-be equipment 

investor must account for this additional layer of uncertainty when making purchase decisions 

and these additional considerations may demotivate more risk-averse actors.  

Without receiving confirmation of demand and prepayment to fund the order, suppliers are 

unwilling to supply equipment. Equipment suppliers follow this operational model due to 

constraints on working capital that limit their ability to hold significant levels of inventory. 
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Commercial loans are also unaffordable, requiring collateral as high as five times the loan value. 

As a result, suppliers tend to be reluctant to develop new product lines and enter new regions. 

 

Prerequisite 5: Cross-sector alignment to prioritize and collaborate on productive use efforts. There 

is a lack of awareness and alignment on which opportunities for productive use to prioritize. In 

addition, there is a lack of coordination among stakeholders in the agriculture, energy, and financial 

sectors to mobilize investment. Policies and programs aiming to support agriculture and energy 

sector development are underway, but there are not enough partnerships to leverage cross-

sectoral expertise. For example, minigrid developers need to understand end-consumer and 

processor preferences to integrate agro-processing loads into their planning. Similarly, the 

connective tissue linking processors to equipment suppliers and electricity providers rarely exists.  

 Other Prerequisites and Barriers to Implement Productive Use 

This study focuses on prerequisites that are tractable and that can be addressed in the short and 

medium term while avoiding duplicative efforts. However, we recognize that other conditions 

outside the scope of this study can affect the success of initiatives to support adoption of electric 

equipment. We summarize those prerequisites, barriers, and their potential impact here.   

Agriculture extension services are made available to smallholder farmers to improve farming 

practices and yields. As the economic analysis suggests, processing volume is the most 

important factor determining the economic viability of processing businesses. This means that 

there needs to be sufficient crop volumes produced to support the demand for processing 

services. As was explored in the value chain research, the lack of quality inputs, irrigation, and 

access to sufficient training are some of the factors limiting grain production in Ethiopia.  

The Ministry of Agriculture, IFPRI, and ATA are supporting efforts to improve agriculture 

production and farmer capacity building. For example, irrigation is recognized as a key 

intervention to support the horticulture segment and various organizations including The 

Rockefeller Foundation, Veritas, and GIZ are exploring how to integrate irrigation into 

electrification projects.  

Foreign exchange (FOREX) policy can streamline and boost equipment imports and attract 

investment to support productive uses. Ethiopia’s restrictive FOREX policies lead to lengthy 

processes to import equipment and spare parts and can discourage foreign investment. This is a 

regulatory barrier that is outside the scope of this study but can slow down and affect the ease of 

procuring electric equipment for prototyping and running field tests. It can also lengthen the 

process for identifying the specifications of technically viable equipment.   

 

 Preliminary Design of the Productive Use Program 
We developed a preliminary design of the national productive use program based on the findings 

from the economic, business model, and barrier mapping analyses. The program is made up of 
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eight projects and scaling mechanisms that we will continue to build upon and refine through the 

design sessions (see Section 7). These projects include community-based practical solutions 

alongside wider solutions to support an enabling ecosystem where community projects can be 

replicated.  

Together these preliminary projects make up a comprehensive national productive use program 

that aligns and connects cross-sectoral actors, generates an evidence base demonstrating the 

technical and financial viability of equipment and business models, and develops supportive 

policies. These three building blocks address the barriers limiting the prerequisites for scaling 

productive uses in rural communities in Ethiopia. Exhibit 23 shows the projects connected to each 

of these building blocks.  

 

Exhibit 23: Timeline for the National Productive Use Program 

These projects categorized by the three building blocks are summarized below. A more detailed 

description of each project is included in Appendix D. 

Building Block 1: Align and connect cross-sectoral actors. The Create and Strengthen Sector 

Alignment and Coordination for Productive Use project (Cross-Sector Alignment Project) will open 

dialogue across the energy, agriculture, and finance sectors to identify opportunities to develop 

productive uses. The discussion and coordination between different stakeholders will build 

awareness to oversee the national productive use program and enable partnerships to implement 

productive use opportunities.  

This alignment will occur at and across the national and community levels and will extend the 

awareness building and matchmaking efforts planned under this project (see Section 7). Bringing 

together national-level actors will ensure that electrification efforts connect with agricultural 

development and ensure reliable and affordable electricity where productive use opportunities are 
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prevalent. Bringing together regional and community level actors will build the connective tissue 

among actors needed to implement business models in communities.  

The Cross-Sector Alignment Project will develop a cross-sectoral committee (the Productive Use 

Committee) to operationalize this alignment and coordination. The Productive Use Committee will 

be responsible for overseeing the national level strategy to support productive uses and the 

implementation of the national productive use program. As the national productive use program is 

implemented, the Productive Use Committee will identify additional needs that will inform future 

activities and strategies. 

Building Block 2: Prove and demonstrate the viability of equipment and business models. A series 

of pilots and demonstration projects will build the evidence base to show the technical and financial 

viability of equipment and business models. The Electric Mill Prototyping Pilot will fine-tune and field-

test equipment in minigrid communities and establish the specifications to ensure equipment 

compatibility with minigrid systems and equipment operator and end-consumer preferences. The 

data captured will be used to identify the right equipment, improve accuracy of the financial model, 

and refine the design of business models to attract a small group of MFIs and processors to run a 

series of business model demonstration projects.  

The business model demonstration projects will recruit private actors to implement recommended 

business models around Tier 1 activities and demonstrate financial viability, with a primary objective 

of evaluating whether revenues can recover the costs of operating the business models. The 

demonstration projects will seek to de-risk investment in electric agricultural equipment by bringing 

in private actors to understand and gain experience participating in the business models and 

reduce perceived risks. A secondary objective includes understanding the conditions (e.g., scale, 

grid vs. minigrid, operator practices) under which one business model is more suitable than others. 

The demonstration projects will test the fee-for-service, utility-led, and cooperative-based business 

models. 

Building Block 3: Develop supportive policies for an enabling ecosystem. Technical advisory, 

capacity building, and funding support will lubricate the ramp-up of productive uses in specific hubs 

through the pilots and demonstration projects and then provide the platform solutions needed to 

replicate productive uses in rural communities across Ethiopia. The Designing and Piloting Financial 

Solutions project will provide technical advisory and capacity building to MFIs and CGFCs to design 

financial products suitable for small-scale agricultural electric equipment purchases and equip them 

to serve the equipment financing segment. It will also provide capital injections to MFIs and CGFCs 

to on-lend to the productive use market (processors and suppliers). 

The Electric Equipment Selection Tool (Equipment Tool) and Scaling Capacity Building projects will 

develop platform tools and materials to support equipment selection and partnership decisions. The 

Equipment Tool will guide processors in identifying suitable equipment that is compatible with 

minigrids and meets their needs. The Equipment Tool will be built out in stages and will start with 

electric mills based on the specifications identified in the Prototyping Pilot. The Scaling Capacity 

Building project will provide standardized materials to support facilitators in fulfilling their role 

building the capacities of local processors and connecting them to finance opportunities. It will also 
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identify a roster of candidates shortlisted based on their capacity to fulfill the facilitator role to guide 

community actors in making successful partnership decisions. 

Exhibit 23 shows the many connections that exist between projects. Project sequencing was 

optimized to develop feedback loops that capture insights and lessons available. For example, 

establishing the Productive Use Committee is one of the first activities planned to ensure that site 

selection decisions for upcoming electrification projects capture productive use opportunities. This 

step will be critical to ensure that the pilots and demonstration projects have attractive sites to 

choose from. Similarly, the equipment selection and capacity building tools will be developed after 

Year 1, when the pilots and demonstration projects have yielded results to inform tool design.   

In next phase of the project, the team will convene and engage stakeholders to ground test and 

refine these preliminary designs (see Section 7) and finalize the national productive use program.   

7 Next Steps to Finalize and Align Sector on the National 

Productive Use Program 

This section defines the next steps to gather local input to finalize the National Productive Use 

Program (the Program) and move toward a future where all energy access projects in rural 

communities include a productive use component. Specifically, we will build upon the findings and 

insights of this study and pull in cross-sectoral input and pilot findings to finalize, build consensus 

on, and propel momentum for the Program, the ultimate deliverable of this project.  

This section is forward looking, describing the ongoing and planned activities and outcomes for the 

period April to September 2021 in the project timeline. As such, this section focuses on the 

activities to date and methodology and approach the team will use going forward. By September 

2021 when these activities are complete, the team will update the Program (Section 6.2), refine the 

approach and methodology for community consultation (Section 7.1), and assess the results and 

outputs of the pilot to date (Section 7.2). 

 Process for Community Engagement  
This section describes the process for community and national consultation—the design sessions—

to finalize the Program. Once the design sessions are complete, the team will revise this section, as 

needed, to capture the lessons learned through the application of the consultation process 

described here.  

End-User Centered Approach to Program Design 

To design the Program, we have adopted an approach centered on the end-user. End-user 

centered design requires relating with people directly concerned and giving them a voice. Our 

approach borrows from the capability approach. It requires thinking in terms of actors who express 

preferences, increase their own capabilities, and participate in the production of value, instead of 

thinking of beneficiaries as consumers that are passive figures. We also borrow from human-

centered design, which brings in actors from different backgrounds to meet and operate in 
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nonhierarchical ways to propose innovative approaches to electrification that are not constrained 

by agency or sector-specific mandates and thinking.21  

A user-centered approach is well-suited to designing projects in the productive use space. The 

nature of productive use opportunities requires understanding ground realities and making 

connections between and enabling coordination across sectors. For example, grain milling, 

identified in Section 3 as a Tier 1 electrification opportunity, connects with end-consumer food 

preferences, which are deeply personal and relate to cultural practices that cannot be easily 

changed. No one understands consumer preferences better than the end-consumers themselves.  

Failure to understand and account for these preferences and behavioral practices will lead to a 

project design that is unlikely to meet the needs of end-consumers. In addition, it may fail to get 

community buy-in and adoption once the grant funds supporting early project development run out. 

Furthermore, because productive use initiatives occur at the nexus of energy and economic 

development, identifying opportunities in this space requires bringing together a coalition of actors 

with the needed skills and experience spanning agriculture, energy, and finance sectors.  

The project team will implement a user-centered approach to program design through the design 

sessions. The goal of the design sessions is to create a space to maximize potential for innovation 

while still being deeply rooted in ground realities. We will bring together actors from different 

backgrounds to interact, discuss possibilities, and develop projects to test and verify these 

possibilities. To do so, we have structured the design sessions to start at the community level to 

first understand needs, barriers, and opportunities. We will then bring in input from community and 

national actors to design the national productive use program, building on the preliminary design 

presented in Section 6.2.  

7.1.1 Structure and Detailed Methodology of Design Sessions 

The Design Sessions will use a three-tiered approach for connecting with end-users to inform the 

design of the national productive use program. The first two tiers will focus on understanding the 

barriers and opportunities at the community level. Together these tiers will lead to the design of 

highly actionable community solutions and projects rooted on ground realities and priorities. The 

third tier will convene national level stakeholders to build on and connect these community-level 

solutions with top-down broader actions needed to support and scale implementation of 

community-level projects. 

Throughout the execution of these tiers, the RMI team will facilitate discussions with end-users and 

co-producers to develop a pipeline of projects that will make up the national productive use 

program. A more detailed description of each tier is included below. 

Tier 1: Conducting community visits and focus groups  

Objective: Connect with end-users to understand their needs and priorities and understand ground 

realities, barriers, and opportunities in rural communities. 

Approach: Carry out community visits and one-on-one and group interviews to understand the 

needs and lives of people we are designing for. During the field visits the team will immerse 
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themselves in the communities, shadowing processors as they work and observing end-consumers 

as they make decisions to understand their preferences and needs. We will complement these 

observations with interviews. We will partner with a trusted community-based organization (CBO) to 

identify communities to visit and connect with end-users while following precautions to mitigate the 

spread of COVID-19.  

Scope and timing: We will carry out two field visits to two agrarian communities with significant 

post-harvest mechanized processing activity in Amhara, Oromia, or SNNPR in Q3 2021. We will 

select the communities in collaboration with the CBO we partner with. This will enable us to select 

communities where our partner CBO has long-standing ties with end-users and leverage that trust 

to enable buy-in and willingness among community members to engage with the project team. 

Tier 2: Designing community-level solutions 

Objective: Design community-level projects and viable business models to support adoption of 

productive uses. The output of Tier 2 will be a pipeline of tangible community projects that address 

the key needs of rural communities. We will test and build upon the preliminary design of business 

models (see Section 5.1) and projects (see Section 6.2) included in this study, testing whether 

these designs appropriately respond to key barriers (see Section 6.1) and whether there are blind 

spots in these designs.  

Approach: Tier 2 will bring together actors with the required expertise and experience to develop 

and design productive use demonstration projects (i.e., developing an electric milling prototype) at 

the community level. Tier 2 will target actors that will intervene in the implementation of community-

level projects by identifying representatives of the roles included in the proposed business models 

explored in Section 5.1. Appendix E includes additional detail on the criteria used to select 

participants. The team will convene these actors and will facilitate discussions to enable the 

collaborative design of community-level projects. We will keep these convenings small to ensure we 

can follow precautions to mitigate the spread of Covid-19.  

Scope and timing: One multiday session held in Q3 2021. We will select the location based on the 

needs assessment (see Detailed Methodology below) and in collaboration with our partner CBO. 

Tier 3: Scaling solutions and building an enabling eco-system 

Objective: Identify top-down actions and broader ecosystem support needed to replicate and scale 

community-level interventions, building on the results of Tier 2 and preliminary design included in 

Section 6.2. Topic areas can include funding sources for community-level projects and system-level 

solutions to attract equipment suppliers and financiers (e.g., bulk equipment purchasing, guarantee 

funds).  

Approach: Tier 3 will adopt a similar approach to Tier 2 of facilitating discussions between cross-

sector actors. It will bring together actors at the national and regional levels to connect the 

grassroots practitioner perspective gathered in Tiers 1 and 2 to national development goals. If this 

workshop is carried out in person, we will limit the size of the participant list to ensure we can follow 

precautions to mitigate the spread of COVID-19. 
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Scope and timing: One multiday session held in Q3 2021. We will select the setting based on the 

needs-assessment.  

Detailed Methodology 

To develop the design sessions, the team designed a structured process to achieve the desired 

outcome of finalizing a national productive use program rooted in ground realities, connected to 

national development priorities, and bought-into by stakeholders across the energy, agriculture, 

and finance sectors. Meeting this desired outcome requires a process that is transparent and 

embeds feedback loops to connect with participant needs and interests.  

The team developed a process that identifies participants with the right expertise and experience to 

lead to meaningful discussions. The process also embeds steps to understand participants needs 

and incorporate those interests into the design of the workshops to build buy-in for the process and 

its outputs. Exhibit 24 illustrates a summary of this process. A deeper description of each step 

follows.  

 

Exhibit 24: Methodological Approach for Design Sessions 

Step 1: Define participant list—A key part of end-user-centered design is building the coalition of 

actors that will bring the needed skills and experience. But knowing the right things is not enough. 

In order for these collaborative encounters to be fruitful and effective, participants also need to be 

bought into the process and want to contribute to and dedicate time to participate fully in the 

discussions. As such, a key success factor will be identifying the right set of participants. Making 

sure that each participant carries their weight is important to keep workshop sizes small and 

manageable and ensure that the team can take adequate COVID-19 precautions.  



65 

 

We defined criteria to propose a preliminary participant list based on our research and stakeholder 

consultation. These criteria capture the skills and experience needed to meet the target outcomes 

for each tier. Appendix E includes a description of the criteria and the preliminary participant list 

categorized by the three tiers. We will next finalize the participant list, identifying potential blind 

spots and proposing a manageable shortlist of participants. To do so, we are consulting MOWIE, 

the Ministry of Agriculture, and ATA to receive their feedback and supplement this preliminary list 

based on their ground-based understanding of the right actors within these organizations to bring 

in. 

Step 2: Conduct Needs Assessment— A key part of building buy-in from participants is early 

engagement to support awareness and to understand the needs and conditions of potential 

participants and tying these interests into agenda design. The needs assessment is a prerequisite in 

answering questions that will determine the detailed agenda planning and logistics of the design 

sessions (e.g., whether the sessions will be in person or remote). Specifically, the needs 

assessment will enable the project team to: 

• understand the conditions for participants to participate (duration, in-person or remote, 

location); 

• understand what participants want to achieve before we begin designing the facilitation 

exercises;  

• narrow the scope and focus to appropriately reflect what participants are willing to work on;  

• build trust with participants; and 

• share data with participants ahead of time and build transparency in the initiative.  

Some of the basic questions the needs assessment will answer include: 

• Would you be willing to participate in a workshop in person during July 2021? 

• What is your understanding of the current situation of productive uses in Ethiopia?  

• What would make this workshop successful from your perspective?  

• What do you hope to have at the end of the initiative (meeting/workshop) that you do not 

have now? 

• What would make the workshop unsuccessful?  

• What advice do you have for the design and facilitation team? 

Step 3: Define detailed agenda and complete event logistics—We will review the results of the 

needs assessment to finalize the design parameters and prepare the workshops. This includes 

determining the physical parameters related to the setting (remote or in-person), location (if 

applicable), and number of participants that will determine the logistics for conducting the 

workshops. It will also include finalizing the topical parameters of the content addressed during the 

workshops. Within reason, the team will incorporate the interests of participants while building on 

the analysis and findings to date and ensuring the discussions are additive and push toward 

establishing a national program for productive uses. 
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Step 4: Carry out workshops and distill lessons learned—The team will carry out the facilitation, 

identify themes and patterns on barriers and opportunities, and distill insights to translate these 

findings into opportunities for project design. The team will categorize and order these projects to 

develop a pipeline that will constitute the national productive use program. The tiered structure of 

the workshops will allow the team to embed validation of the results of previous tiers in the tier that 

follows. For example, the design of the community-level projects developed in Tier 2 will be 

reviewed, refined, and built upon during the Tier 3 workshops. Nonetheless, the team will carry out 

an additional layer of validation through remote expert consultation and share the results during the 

dissemination seminar planned for September 2021 (see Section 7.3 for additional detail on next 

steps).  

 Pilot Design and Implementation 
The rural electrification sector lacks evidence for the technical and economic impact of productive 

loads on isolated electricity systems (minigrids) and income generation for small businesses. There 

are three actors whose decisions are affected by this knowledge gap: minigrid developers, 

processors (equipment users), and equipment financiers (e.g., MFIs). Minigrid developers need load 

data on productive uses to size components of rural electric systems accurately and minimize cost 

of service, while processors and financiers need proof of the business case to switch from diesel 

equipment. These data points are also necessary for policy design to support electric equipment 

ownership needed to scale productive uses of energy.  

The team is developing a Data Pilot to gather insights that will improve sector-wide understanding of 

milling businesses and refine and improve the design of the business model demonstration projects 

included in the preliminary national productive use program (see Section 6.2 and Appendix D). The 

Data Pilot will generate measured data on mill usage, minigrid load data, and other metrics that will 

improve the accuracy of economic viability analysis in this study (see Section 4). Specifically, the 

Data Pilot will collect measured data to answer the following questions:  

• Is it economically viable for grid and minigrid systems to serve grain milling loads? 

• What is the implication of serving milling loads for grid and minigrid system design and 

operation? 

• Is switching to electric mills from diesel mills an economically viable investment?  

• Is there demand for electric mills in communities? 

 

The Data Pilot will not fully answer the following questions, which will be addressed by the business 

model demonstration projects: 

• What are the characteristics of suitable mills that can connect to and operate compatibly with 

the grid and minigrid systems and are these available locally?  

• How can the project mitigate perceived risks of financiers and promote access to credit for 

equipment purchases? 

Feedback loops between the pilot and other project components  
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We incorporated feedback loops in the design of the pilot, ensuring it uses findings from our research 

and analysis to date and feeds results back into the project. We leveraged the findings and insights 

from the value chain analysis (see Section 3) to design the pilot. For example, study results indicate 

that grain milling has strong potential for electrification in the short term. Therefore, we designed the 

pilot to further test this finding using measured mill utilization data from grain milling businesses. We 

will also use pilot results to inform the design of the national productive use program. 

Similarly, we used data from the field survey to better understand milling businesses and agro-

processing in Ethiopia to shape pilot design. For example, the survey results provided insights on 

median community sizes and their average grain processing scale (number of processors, 

throughput of grain mills and grain harvest quantities of farmers), which we will use to guide selecting 

sites and processors that are representative of communities and processors found in the country. 

Measured data from the Data Pilot will help the team validate insights from field surveys and fine-tune 

the financial models (see Section 4) in preparation for the demonstration projects (see Section 6.2) 

Our field surveys found that it is uncommon for rural processors to keep records of their business 

transactions. Other studies have also found significant differences between estimates and observed 

values, as was illustrated in Factor[e] Ventures’ study which found that observed milling activity varied 

significantly in timing and duration than that reported by processors via field surveys.22 

The project team will feed the early results of the Data Pilot gathered by September 2021 to refine 

the design of projects proposed in the productive use program. Mill load profiles (electricity 

consumption, time, and duration of use) and cash flows (revenues, costs, and their seasonal 

variations), will help the project team refine the design of and provide baseline data for the Electric 

Mill Prototyping Pilot and Fee-for-Service Demonstration Project. These projects will then expand the 

knowledge base on technically viable equipment and commercially viable business models to 

operationalize productive use initiatives.  

This incremental approach to testing best-bet hypotheses will allow us to design more targeted 

projects. This will help ensure that even if one specific project fails, the sector can distil lessons from 

it to expand the body of knowledge needed to operationalize productive use initiatives in the national 

scale electrification efforts.   

Pilot Outputs and Activities 

By the conclusion of the Data Pilot, the project team will deliver a database and insights to answer 

key questions that will help processors and minigrid developers make good investment decisions. 

Specifically, the team will estimate potential load and revenue growth for a minigrid system serving 

milling loads to better understand milling profitability and end-consumer preferences. Exhibit 25 

presents the data the pilot will collect and the insights the team will develop. 
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Decision 

Maker 
Insight required   Data provided by the pilot 

Minigrid  

developer  

Load increase and impact on system 

economics  

• Mill load profile (energy 

consumption, time, and duration) 

Impact of connecting electric mills to 

system power quality (inrush current 

impact on system and meters, voltage 

variations)  

• Measurement of inrush current upon 

mill start-up  

• Measurement of voltage/current at 

variable mill loading 

Processor 

(equipment 

operator) 

Customer preference for output (flour 

fineness) 

• Product grade purchased by 

customers 

• Mill sieve size  

Profitability (revenues minus costs) for 

equipment available on the market 

• Throughput (flour kg/hr) 

• Product or service selling price  

• Operating cost 

• Mill run time and duration (energy 

costs) 

• Mill downtime frequency per unit time 

• Maintenance cost per breakdown 

Energy efficiency (production capacity 

vs. energy consumption) 

• Throughput (flour kg/hr) 

• Fuel/energy consumption per unit 

time  

• Time and duration of equipment use 

Exhibit 25: Description of Pilot Output 

To collect the data captured in Exhibit 25 we will use metering and enhanced data reporting. We will 

install automated sensors to record measured data on grain mill power consumption and time and 

duration of use in order to develop mill load profiles. We will also install smart meters to capture load 

profiles of minigrid systems to assess the compatibility of milling loads with minigrids. These meters 

will help assess when milling loads occur and whether these loads coincide with generation of energy 

during the times of the day when it is cheapest to produce.  
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We will use enhanced data reporting (versus a one-time interview approach used during field surveys) 

to record longitudinal data on revenues and costs of milling businesses. The processors that we 

partner with will record their daily transactions in a journal designed for ease of use.  

We will partner with a community-based organization (CBO) with experience supporting grain 

processors and providing capacity building for agriculture mechanization and business management, 

access to finance, and market linkages. The CBO will help engage with processors to boost interest 

in participating in the pilot, train them on use of data collection tools, and provide periodic gathering 

of data recorded via journals, sensors, and meters. This collaboration with a partner that has earned 

community trust will help ensure community buy-in and improve the quality of the data and the 

reliability of the insights from that data. 

Pilot Scope 

We will implement the pilot in the regions with the highest grain production volumes: Amhara, Oromia, 

and SNNPR. We will collect data for one year to understand the full cycle of equipment use and 

account for variations due to grain production seasonality and its impact on milling activities. Exhibit 

26 shows a summary of the pilot scope, which includes collecting data from 24 processors in 12 

kebeles and six operational minigrids across the three target regions. 

 

Exhibit 26: Summary of Pilot Scopes 

We plan to select sites in coordination with our partner CBO and EEU to ensure the sites are in 

areas targeted for pre-electrification with minigrids and where the CBO has experience and trusted 

relationships with community members. Appendix F presents a preliminary selection of woredas 

that we will consider.     

Pilot Workplan and Implementation Timeline 

Pilot design activities started in February 2021, with a target of deploying the data collection tools in 

the communities by June 2021. Periodic data collection will start in June 2021 and end in June 

2022. We will analyze data collected between June and August 2021 for preliminary insights that 
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will inform the design of pilot projects under the national productive use program as well as the 

convenings taking place in September 2021. Exhibit 27 below shows the planned pilot activities and 

implementation timeline. 

Exhibit 27: Pilot Timeline 

 Dissemination and Next Steps  
This section defines the next steps toward implementing the national productive use program and a 

future in which all rural electrification projects include a productive use component. By the 

completion of the design sessions described in Section 7.1, there will be a clear national productive 

use program developed with and for community and national level stakeholders in Ethiopia. At this 

point the team will shift focus toward supporting local actors in implementation. To do so, the team 

will focus on disseminating results, building project consortiums, and connecting the national 

productive use program with early funding opportunities.  

The team will lead cross-sectoral engagement across the agriculture, electricity, and finance 

sectors to share results, build consensus, and connect projects to actors and funding to prepare for 

implementation. The next steps include the following:   

1. Validate the results distilled from the design sessions through expert consultation to ensure 

that we accurately captured the insights in the design of the final national productive use 

program. At this point, the team will update Section 6 and Appendix D of this study, to 

present the final design of the national productive use program, including cost estimates. As 

noted, in Section 7.1 the team will also update Section 7 to capture the lessons learned and 

provide a replicable methodology for community consultation.   
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2. Convene actors across the agriculture, energy, and finance sectors to disseminate the 

results more widely and align sector actors around the national productive use program. 

This alignment is a continuation of the awareness and consensus building embedded in the 

previous steps as many of the actors would have also participated in the design sessions 

and validation. 

3. In parallel and during the dissemination seminars described in step 2, the team will put in 

motion the implementation of the productive use program by matchmaking actors that can 

lead specific projects identified in the program and connecting these projects with funding 

opportunities.  

The prospects for electrification in Ethiopia are bright. Increased attention from government, 

development partners, and the private sector is driving increased investment in energy access. 

However, it is critical that these projects include business models that electrify agricultural 

productive uses. Failing to do so may compromise project economics and longevity, while an 

effective national productive use program will unlock local economic development and can serve as 

a springboard toward realizing the full potential of rural electrification. 
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Appendices 

     In-Depth Value Chain Assessments  

This appendix analyzes five value chains to identify opportunities for productive uses of minigrid 

electricity using the methodology described in Section 2.4. We focus on post-harvest operations: 

the processing steps from farm-gate material to the locally marketed product. We analyze each 

value chain in detail to identify opportunities to electrify value-add activities.  

Using four criteria— local capacity, offtake market, equipment and electrification, and scalability—

we sort these opportunities into three tiers based on the amount of support required to electrify 

them. Exhibit 5 presents these classifications for each activity and crop considered. Appendices 

A.2–A.6 provide in-depth analysis on each value chain, while Appendix A.1 analyzes trends across 

the target value chains. 

A.1 Cross-Value-Chain Analysis 

In this section we consider the role of multi-crop processing equipment in enhancing the viability of 

investments in electrical threshing and milling.   

A.1.1 Multi-Crop Milling 

Grain milling is already widely mechanized in most communities across Ethiopia. There is strong 

demand for mechanized milling throughout the year and rural consumers already pay to have their 

crops processed. Importantly, most grain mills already process multiple cereal crops. As shown in 

Exhibit 28, most millers process at least three of the focus cereals (66%). This suggests that locally 

available mills can meet end-consumer preferences of fineness, taste, and consistency across 

various cereals. 

 

Exhibit 28: Proportions of Grain Milling Processors Based on the Crops that they Process (based on 2020 
RMI survey findings: 66% of mills process at least three focus crops, 11% process two crops, and 22% 
process just one crop) 
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Today most mills are diesel-powered, typically utilizing old, oversized combustion engines as the 

prime mover. Electric engines offer clear savings on operation costs over the status quo (see 

Section 4). But further testing is needed to test electric mills in rural communities and compare 

against measured costs, throughputs, and product quality of diesel-powered engines. For example, 

processors we interviewed observe throughputs of 2.1 quintal/hour using fossil fuel-powered 

equipment. A pilot study will need to assess whether electric mills in minigrid settings can meet this 

threshold. 

A.1.2 Multi-Crop Threshing 

Across the target cereal value chains, grain threshing is not immediately suitable for electrification. 

Most grain threshing takes place manually, and farmers in rural communities currently demonstrate 

limited demand for mechanized grain threshing. 

The viability of grain threshing depends on local demand for mechanized threshing. Farmers must be 

willing and able to pay for mechanized threshing, and the volume of processing must be high enough 

to offset equipment and business costs. We discuss the viability of grain threshing in the Maize, Teff, 

and Wheat value chains. 

 

Exhibit 29: Threshing Practices (left), and Challenges Reported by Farmers for Five Surveyed Value Chains 
(right) 

 

Farmers thresh major cereal crops (teff, wheat, barley, and maize) to separate dry grains from the 

surrounding grass, cob, or stalk. Threshing is a necessary processing step for farmers before selling 

or further processing clean grains—except for some maize farmers who trade maize on the cob. 

Although farmer demand for threshing is high across all target cereals we studied, most farmers 

across the target value chains manually thresh crops and do not pay for threshing (as shown in Exhibit 

29). Farmers face issues with broken grains and grain losses across the cereal crops. But Exhibit 29 

shows that the most cited threshing issue among farmers is expense. So, most farmers find paid 

threshing to be cost-prohibitive. 
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The few farmers that pay for threshing pay a median threshing labor cost ranging from 51 to 179 ETB 

per quintal.xxvi By comparison, the median mechanized grain threshing cost was 120 ETB per quintal. 

This indicates that, at these service costs and among those farmers willing to pay for threshing, 

mechanized grain threshing is affordable for teff and barley but too expensive for maize and wheat.  

Muti-crop threshing becomes viable if there is 

enough farmer demand. Mechanized threshing 

equipment can handle most grains, although teff 

grains are notably smaller than wheat, barley, and 

maize. However, Exhibit 30 shows that most 

threshing processors we surveyed only thresh one 

crop (64%). The median farmer who pays for 

threshing spends 2,000 ETB annually, while a typical 

multi-crop thresher manufactured by a local supplier 

costs around 72,000 ETB. xxvii  If the thresher 

processes three typical farmers’ harvests per year, 

then the simple payback on the machine is roughly 

12 years. If the thresher can serve 18 farmers, then 

the payback period shortens to around 2 years. 

Yet, farming practices limit the viability of electrified threshing. Farmers mainly thresh crop in specified 

threshing areas in the farm. So, for electric threshing to become viable, farmers must be willing to 

modify their behavior and transport crops to a stationary minigrid-connected thresher in addition to 

paying for threshing. Rechargeable mobile electric threshers are not available in Ethiopia. 

Additionally, Exhibit 31 shows that multi-crop threshing would only increase the peak demand for four 

months in the year. Economic viability analysis found that seasonable demand like this is less 

beneficial for minigrid economics (see Section 4.2).  

 

Exhibit 31: Annual Threshing Calendar across Maize, Wheat, Teff, and Barley Value Chains  

Note: Threshing demand spans from November through March, depending on the crops processed by a 
multi-crop thresher.  

 
xxvi Median threshing labor costs among farmers were 51 ETB/quintal for maize, 179 ETB/quintal for teff, 73 ETB/quintal 

for wheat, and 120 ETB/quintal for barley. 
xxvii Amio Manufacturing produces a tri-phase electric grain thresher with 40 quintal per hour throughput for 72,000 ETB. 

Exhibit 30: Proportions of Grains Processed by 
Mechanical Threshers  
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A.2 Maize 

• Maize is a staple food in Ethiopia produced at high volumes nationally. 

• Significant consumption of maize in rural communities makes high-production zones in Amhara, 

Oromia, and SNNPR strong potential areas for electrified maize processing initiatives. 

Approximately 93% of the country’s maize is produced in Amhara, Oromia, and SNNPR, and 

most maize farmers produce maize for subsistence. As such, most maize is consumed in the 

communities where it is produced. The high demand for local processing within communities of 

Amhara, Oromia, and SNNPR suggest that these regions have the highest potential for 

electrifying processing activities.  

• Maize milling is immediately suitable for electrification with minigrids (Tier 1). Maize milling is a 

necessary processing step for making maize flour, and processors already operate mechanized 

milling equipment across Ethiopia. Existing fossil fuel-powered milling equipment can be 

retrofitted with an electric motor. Based on a 2020 RMI survey of maize farmers across Amhara, 

Oromia, and SNNPR, 85% of rural communities already have at least one mechanized mill 

processor operating locally. 

 

A.2.1 Background 

Ethiopia is the third largest maize producer in continental 

Africa—in 2019 Ethiopia produced 96.4 million metric 

quintals of maize, behind Nigeria (110 million metric quintals) 

and South Africa (112.8 million metric quintals).23 In 2019, 

Ethiopian farmers cultivated 2.3 million hectares of land for 

maize (22% of all cultivated land dedicated to cereals), the 

second largest area devoted to any crop behind teff.24 Since 

2000, maize farming has maintained the highest yields in 

Ethiopia among cereal crops.xxviii,25 In Ethiopia, more farmers 

cultivate maize than any other cereal: in 2019, 68% of cereal-

producing farmers cultivated maize (11.5 million farmers), 

ahead of 42% of farmers that cultivated teff (the second most 

popularly cultivated cereal crop by number of farmers). 26 

Farmers typically allocate about a quarter of their land for 

maize production, which on average corresponds to 0.8 

hectare per farm for cultivating maize.xxix,27  

  

 
xxviii Cereal crops include maize, teff, barley, wheat, sorghum, millet, and oats. 
xxix Large-scale farmers usually dedicate 60%–80% of their land for maize cultivation, while smallholder farmers only 

dedicate 20%. 

Sultan Nura’s maize crops drying on the 

cob. Mr. Nura cultivates 0.5 hectares 

for maize on his farm in the Limu Kosa 

woreda of the Jima Zone, Oromia. He 

plants maize once per year and 

produces 7 quintals of crop each 

harvest. Mr. Nura sells his crop in the 

form of dry maize on the cob, and only 

trades at markets in his and neighboring 

communities.  
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A.2.1.1 Production 

High and rising maize production volumes in Ethiopia suggest strong and reliable supply for post-

harvest maize processing. 

Favorable national maize production trends over the past 10 years suggest there is enough maize 

supply to sustain high processing volumes. Stable maize supply is critical for processors investing in 

new electric equipment to recoup equipment costs. National maize production tripled between 2000 

and 2019, while maize yields doubled in the same period.28 Yet, farmers are increasingly dissatisfied 

with low maize selling prices.29 This presents a risk of farmers deciding to cultivate more lucrative 

crops instead of maize, which would affect production and limit crop availability for processors. But 

this risk has so far had a limited effect on production decisions as maize production volumes (shown 

in Exhibit 32) have been consistently high and farmers predominantly cultivate maize for subsistence 

purposes.  

 

Exhibit 32: Trends of Production, Area Harvested, and Yield for Maize between 2000 and 2019 

Note: Maize yields and total maize production are the highest among major cereals (teff, wheat, maize, and 
barley). In terms of area cultivated among major cereals, maize is second behind teff.30 (Source: FAOSTAT 
Production) 

Ethiopia successfully transformed its domestic maize sector through local programs to raise national 

production. As shown in Exhibit 32, yields have more than doubled since 2000—national average 

annual yields increased from 16 to 42 quintal per hectare between 2000 and 2019.31 During the same 

period, farmer-cultivated area dedicated to maize expanded from 1.7 to 2.3 million hectares.32 

Beyond favorable growing conditions, this significant improvement was the result of concerted 

government efforts to increase supply of modern inputs and access to extension services, such as 
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supporting access to improved seeds and mineral fertilizers.xxx In 2014, government-run or -owned 

agencies supplied 63% of improved seeds.xxxi,33  

Further improvement in maize productivity is still possible as farmers in South Africa had higher yields, 

averaging national yields of 51 quintal per hectare from 2017 to 2018.34 In 2013, only 40% of the 

maize cultivated area in Ethiopia used modern seed varieties because the majority of smallholder 

farmers could not afford these varieties and instead opted to continue replanting their original seeds.35 

Furthermore, a 2014 study found that the average maize farmer sells only 11% of crop production, 

equal to about one metric quintal (0.1 metric ton) per farmer each season.36 Thus, farmers often do 

not earn enough revenue from maize cultivation to afford the modern inputs that would increase 

productivity and profits. 

A.2.1.2 Processing 

Maize processing initiatives can improve rural livelihoods.  

Maize processing activities can boost revenues for farmers 

dissatisfied with prevailing crop prices. Maize farmers surveyed 

in 2015 reported that the per quintal purchase prices they 

received from traders were 13% lower than the total production 

cost of maize.37  

According to a 2016 study in the Mecha District (Amhara), 

maize farmers break even from selling crops at prices of 417 

ETB per quintal.38 Farmers have limited bargaining power when trading maize grains because they 

are eager to sell excess grains before they spoil, and traders have the power to find cheaper maize 

grain in other communities.  

The median selling price of maize in communities we surveyed in 2020 was 900 ETB per quintal, 

which signals improved trading conditions for farmers. Nonetheless, local maize processing activities 

can provide new and increased revenue streams for farmers. From our survey findings, the median 

annual revenue of maize farmers is 17,600 ETB.xxxii By comparison, the median miller generates 

234,000 ETB in annual revenues.xxxiii We describe the economic viability of grain milling in Section 4.  

Maize milling shows significant potential for electrification. 

As discussed in Section A.3.2.1, the existing state of processing activities in rural communities 

indicates whether an activity is suitable for short-term electrification with minigrids. We find that maize 

milling is the only maize processing activity that is already widely mechanized in rural communities. 

 
xxx Seed varieties are genetically varied forms of the crop that exhibit favorable traits including resilience to pests and 

weather conditions, flavor, texture, color, and nutritional value. White flint or dent maize varieties are preferred for human 

consumption while yellow flint/dent varieties are usually reserved for animal feed purposes. 
xxxi Pioneer Hi-Bred Seed (an international seed variety supplier operating across Southern Africa) supplied 31%, while the 

remaining 6% was supplied by community-based organizations and a group of small national seed-producing 

organizations. 
xxxii From a farmer that cultivates 1 hectare of land and produces 22 quintals of maize per harvest with one season per 

year.  
xxxiii Assuming median grain milling business revenue of 4,500 ETB per week from survey findings over an entire year. 

Maize flour in a sack that is ready for 

home consumption. 
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Since processors already have the capacity to manage milling businesses and have experience 

paying for fuel and upkeep of fossil fuel-powered equipment, they require less support to transition to 

electric equipment. Furthermore, maize milling is the only processing activity that consistently takes 

place year-round, which is favorable for minigrids. Maize milling therefore demonstrates strong 

potential for short-term electrification by minigrids. 

Exhibit 34 shows the flow of processing activities from fresh maize crop to maize flour production.39 

Maize flour is the base ingredient for many popular dishes in Ethiopia—and the most popular form for 

consuming maize in Ethiopia.xxxiv As teff prices continue to rise, Ethiopians increasingly use maize 

flour to make injera.40 Drying, shelling, and milling are all necessary steps for making flour. Farmers 

typically dry maize cobs on the farm before shelling and trading maize grains. Consumers take maize 

grains to processors within their communities for milling before cooking and consumption.41 Maize 

that is consumed on the cob does not undergo any major processing after harvesting, except drying 

if sold dry. Shelling and drying are important on-farm processing activities, while maize milling is a 

critical end-consumer processing activity. 

The timing of processing activities is important for electrifying activities with minigrids. Processing 

activities like maize milling that take place continuously throughout the year lead to consistent loads 

that minigrids can better serve as anchor loads.xxxv  

Of the maize millers we surveyed, 78% noted that milling activities are not seasonal. Post-harvest 

processing that takes place on the farm—such as drying, shelling, and winnowing—is seasonal, 

occurring during a few months of the year. As the processing calendar in Exhibit 33 shows, farmers 

we surveyed carry out on-farm processing activities such as shelling, winnowing, and drying between 

December and February—closely following harvesting periods.42 As a result, nine months of the year, 

there would be no electricity demand connected to these activities if these activities were electrified. 

All these activities discussed take place during the daytime hours, which is favorable for solar-

powered minigrids that generate lower-cost energy during the daytime.  

 
xxxiv The most popular traditional products derived from maize flour include kitta—unleavened flatbread that is typically 

mixed with barley flour, dabo kollo—a deep fried crunchy snack food that consists of a mix of wheat and maize flours, 

kurkufa—cooked kale and maize flour sautéed with other vegetables, fossessie—cooked haricot beans and maize flour 

sautéed in other vegetables, nifro—green whole or cobbed maize, kinche—a porridge made from maize starch, besso—

roasted maize (and sometimes other cereals) flour usually made into a drink with water and sugar. 
xxxv An anchor load is a customer with a constant, predictable energy demand. 
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Exhibit 33: Annual Maize Planting and Processing Calendar  

Note: Experts consider June through the end of September to be lean grain supply months because in most 
areas, there are limited harvests during this period for any major cereals.xxxvi (Source: FAO GIEWS, 2020) 

  

 
xxxvi Major cereals include barley, teff, wheat, maize, sorghum, millet, and oats. 
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Exhibit 34: The Maize Processing Flow from Harvested Maize to Maize Flour 

Note: In rural communities, most maize is sold in the form of dried grain to final consumers. Consumers will 
typically take their crop to processors for milling. (Source: 2020 RMI Survey)  
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Electrifying maize processing has the most potential in Amhara, Oromia, and SNNPR. 

The robust demand for maize processing within Amhara, Oromia, and SNNPR indicates strong 

potential for electrifying processing in these regions. In communities within these regions, there is a 

cumulative demand for end-consumer processing and on-farm processing activities. Since most 

maize farmers live in Oromia, Amhara, and SNNPR, on-farm maize processing activities (drying, 

shelling, and winnowing) also occur in these regions. End-consumer processing (maize milling) also 

occurs in these regions, as these activities are common wherever maize is consumed. 

 

Exhibit 35: Spatial Production of Maize across Ethiopia 

Note: Most maize grows across three regions in Ethiopia, with 57% of maize growing in Oromia alone. 
(Source: USDA Foreign Agricultural Service) 

Exhibit 35 shows the spatial breakdown of maize cultivation across Ethiopia. Almost all maize 

production is rain-fed. This is because most maize in Ethiopia (75% of production) grows in moist and 

semi-moist agro-ecological zones while the remaining 25% grows in dry zones.43 So, farmers do not 

generally irrigate maize-cultivated lands because the crop water requirements are usually met by 

environmental conditions. Among farmers we surveyed who cultivate maize, only 8% irrigate their 

fields. The high production agro-ecological zones are clustered in Amhara, Oromia, and SNNPR. 

Therefore, on-farm processing is most prevalent in these areas where production is concentrated.  

A.2.1.3 Losses 

On-farm maize losses reduce supply and business potential of maize-processing activities. 

Maize crop losses reduce crop volumes available for processing as spoilt crops are discarded before 

processing. Most post-harvest maize losses are due to improper storage. Harvesting and shelling 

losses are minimal according to a 2018 FAO study, but on average 7% of maize is lost due to 

improper farm storage.xxxvii,44 Traditional storage techniques involve storing maize grains in bags that 

 
xxxvii One percent of crop was reported damaged during harvesting due to ear detachment; 2% of crop was damaged 

during initial crop stacking during harvest because of rats and domestic animals; 0.5% of maize was reported lost in 
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are piled on the floor, in above-ground cylindrical containers with unplastered walls made from woven 

plant stems, or in underground storage structures. All these structures are vulnerable to weevil and 

rodent infestations.45 Furthermore, these techniques often do not sufficiently keep moisture out of the 

stored crop leading to crop spoilage. After just three days of improper storage where moisture levels 

exceed 13.5%, various fungi (most commonly aflatoxins) can multiply up to ten-fold and spoil maize 

crop stores.46  

Although improved storage techniques including metal silos or forced-air flow structures modified to 

keep storage bins above ground have been developed and tested in Ethiopia, uptake is low among 

farmers.47 Farmers store grains for household consumption and processing but have limited capacity 

to properly store grains at home. There could be substantial savings—and increased crop supply for 

processing—from farmers adopting improved storage techniques for various cereal crops. However, 

we do not consider them further in this study because these improved storage techniques do not 

require an energy solution.   

A.2.1.4 Demand 

Localized demand for maize products suggests strong potential for electrifying maize processing in 

rural communities. 

The demand for maize flour in rural communities is a strong indicator of the potential for electrifying 

processing in these communities. Ethiopia’s maize demand is high and rising, particularly in rural 

communities. Rural consumers predominantly consume maize in the form of flour. Most maize flour 

consumed in rural communities originates from local maize crop cultivated for subsistence or is 

purchased from traders in whole-grain form. This means that milling grains to flour occurs in rural 

communities, creating a strong offtake market for small local processing businesses. 

 
shelling because of spillage on the floor, and grain breakage when crop is beaten with a stick. Shelling losses are low 

because farmers more commonly shell by hand which is very time and energy intensive.  
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Exhibit 36: Gross National Supply of Maize between 2000 and 2018 in Million Quintals 

Note: The data table gives a breakdown of gross domestic supply into national harvest, imports, exports, and 
national stocks. We add production and imports but subtract exports (in red) to determine the gross domestic 
supply. The Government of Ethiopia contributes national maize stocks toward domestic supply during periods 
of shortage and subtracts a portion of national production from domestic supply during periods of excess 
production (as denoted by red values). Maize imports and exports are negligible throughout the period. 
(Source: FAOSTAT New Food Balances) 

Almost all maize produced in Ethiopia is consumed domestically. According to the domestic supply 

trends in Exhibit 36, domestic maize supply consists mainly of national crop production with small 

supplements supplied from national crop stocks. Ethiopian exports have been negligible since 2000, 

so Ethiopians consume all nationally produced maize and maize products within the country.48  

 

Exhibit 37: Consumption of Maize Domestic Supply by the Major Categories of Food, Seed, Losses, and 
Animal Feed in Million Quintals   
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Note: Between 54% and 91% of maize is used for food consumption. Since 2009, an increasing proportion of 
maize has been consumed for animal feed. There is a growing proportion of maize being consumed for “other 
uses” that in 2018 account for 25% of all consumption. (Source: FAOSTAT New Food Balances)49  

Exhibit 37 shows national consumption trends over the past 20 years. Most maize in Ethiopia is 

consumed for food consumption—in 2018, Ethiopians consumed 61% of maize supply for food.xxxviii 

In Box 1, we discuss the growing demand for animal feed among cereal crops.xxxix These trends 

highlight the strong offtake market for maize products in Ethiopia. 

Rural consumers—who accounted for 78% of Ethiopia’s population in 2018—consume a significant 

portion of Ethiopia’s maize supply, especially for food.50 Exhibit 38 shows that almost 60% of rural 

households nationwide consume maize products, more than twice the proportion of urban 

households that consume maize. On a per capita basis, rural consumers also eat 8.4 times more 

maize (843%) than consumers in cities, and 1.5 times more maize (154%) than those in towns. In 

fact, as household income increases, dependence on maize for nutritional needs decreases. As was 

already noted, rural households mostly consume maize in flour form. To meet this demand for maize 

flour, maize crops must undergo the processing steps described in Exhibit 34. This provides evidence 

to show that demand for on-farm and end-consumer processing is also high.  

 
xxxviii In 2018, 11% of maize was consumed for animal feed, 1% for seed, and 24% for other uses.  
xxxix Between 2000 and 2018, maize demand for animal feed increased with a compound annual growth rate of 12%. 

Melese Sisay with his maize stored in 1 

quintal bags. Mr. Sisay cultivates a 

hectare of land for maize once annually. 

Each harvest produces 30 quintals of 

maize. Mr. Sisay’s family and friends 

help him shell maize crops manually for 

free, but he would be willing to pay to 

have his crop shelled mechanically. 
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Exhibit 38: Maize Consumption by Location and Type of Maize Product (Source: Abate, et al., 2015) 

A.2.1.5 Local Trade 

Maize milling has potential for electrification in rural communities in both high and low production 

zones. 

Local trade patterns show that some level of maize processing must 

take place in rural communities. Traders commonly buy maize from 

farmers who process harvested maize into dry grains on the farm. 

Farmers we surveyed also noted they sell around half of the maize 

harvested and store the rest for household consumption. This is 

significantly higher than national average of 13% identified in the 

2019/2020 Agricultural Sample Survey.5121 Nonetheless, both data 

points suggest that a significant amount of production is processed 

and consumed locally. As shown in Exhibit 39, maize that farmers 

keep is processed locally and other studies confirm there is 

significant localized processing and consumption of maize.  

Cleaned, dried maize grains 

ready for trading. 
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Exhibit 39: Maize Product Flow from Farmers to Consumers Based on RMI Survey Findings from Value Chain 
Actors in Maize-Producing Communities in Amhara, Oromia, and SNNPR  

Note: We measure trade flow proportions by percentage of maize volume traded. (Source: RMI Survey, 
2020). 

Maize farmers sell 80% of their maize to traders who then distribute that maize across the country.xl 

A network of traders, assemblers, wholesalers, and retailers move maize grains to serve communities 

in low production zones. End-consumers buy whole maize grains from traders that they then mill prior 

to consumption. This means that maize milling is found throughout rural communities where maize 

flour is widely consumed and not just where maize is produced. Survey findings show that most maize 

traders sold cleaned grains (38%).xli By comparison, only 5% of maize traders we surveyed sold 

maize flour.xlii  

A.2.2 Opportunities for Electrification 

We analyzed several processing activities for maize to identify opportunities for short-term 

electrification including shelling, winnowing, hulling, drying, and milling. As described in the evaluation 

framework of Section 2.4.1, we used the metrics of local capacity, offtake market, equipment and 

electrification, and scalability to shortlist activities that demonstrated strong readiness for 

electrification in the short term with minimal support.  

 
xl Farmers trade their maize with assembling traders, but most consumers buy maize from retailers—traders and retailers 

trade among themselves before taking the crop to market to the consumer. 
xli Of maize traders surveyed, 38% sold cleaned grains, 16% sold maize dry on the cob, 22% sold maize green on the 

cob, 5% sold maize flour, and 19% sold other maize products. 
xlii In each of the instances where maize traders sold maize flour, we were not able to find a processor that mills crops with 

mechanized equipment in the communities where those traders operated. 
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Across the maize value chain, maize milling showed significant potential for short-term electrification. 

Maize milling and shelling are both critical steps for maize consumption. These activities are 

discussed further below. 

Other activities are not immediately suitable for electrification in minigrid-suitable communities. 

Farmers naturally air-dry almost all maize produced in Ethiopia because it is free and generally 

effective. There is little evidence that farmers are incentivized to pay extra for the consistency 

provided by mechanically drying maize. Likewise, almost all maize storing techniques in rural 

communities do not involve electric or fossil fuel-powered energy. Lastly, rural consumers rarely hull 

maize before consumption because maize hull layers are soft and edible. Maize drying, storage, and 

hulling are not covered in depth because they show little potential for electrification in rural 

communities and solely involve manual methods. 

A.2.2.1 Maize Milling 

Maize milling shows the most potential for short-term electrification in rural minigrid communities 

across all value chain activities.  

Maize milling demonstrates strong 

potential for electrification. The 

prevalence of maize milling processors in 

communities shows that processors have 

the capacity to effectively manage 

processing businesses and maintain 

mechanized equipment. Demand for 

maize milling is consistent and robust 

because most consumers in rural 

communities pay processors to mill their 

maize mechanically. Electric maize mills 

are available in Ethiopia and milling 

demand persists year-round throughout 

Ethiopia—in both high and low production 

zones. 

The case for maize milling closely 

matches the wheat milling discussion in 

Section A.3.2.1. Most grain milling 

processors (82%) we surveyed process 

maize alongside other major cereals.xliii As 

shown in Exhibit 38, end-consumers consume both whole grain and flour-based products. Competing 

forms of consumption affect the amount of maize that requires milling in rural communities. However, 

the popularity of maize flour among rural consumers and the prevalence of maize milling indicate that 

there is a robust offtake market in rural communities. 

 
xliii Approximately 64% of grain milling processors mill wheat, 57% mill teff, and 68% mill barley. 

Abeze Negash with her diesel-powered grain mill. She 

processes teff, maize, wheat, barley, sorghum, horse beans, 

and peas. Ms. Negash mills crops into flour for 50 ETB per 

quintal and operates her business year-round. She typically 

serves 10 customers per day and earns 8,000 ETB in weekly 

revenues. Ms. Negash frequently finds that customers bring 

low-quality grains for milling.  
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Electric maize flour milling in rural communities is ready for further testing and piloting. The same 

equipment can be used to mill maize and wheat mechanically. As discussed in Section A.3.2.1 for 

wheat flour milling, processors need to test electric mills in their businesses, and pilot studies will 

need to test whether electric mills can meet the throughput needs of processors while powered by a 

minigrid system.  
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A.2.2.2 Maize Shelling (threshing) 

Maize shelling is not currently suitable for electrification in rural minigrid communities.  

Maize shelling does not show strong potential for electrification in rural minigrid communities. Maize 

shellers are rare in rural communities as most farmers shell maize manually. As such, there is little 

evidence that processors have gained experience in managing maize shelling businesses and 

maintaining mechanical shelling machines. Additionally, most farmers do not pay for shelling and 

those that do prefer to pay for cheaper labor. This means that there is no proven offtake market for 

mechanical shelling services. Maize shelling only takes place in high maize-producing rural 

communities, and farmers only require shelling for three months of the year—farmers also thresh 

small maize volumes for seeds during cultivation. So, the scalability and electrification potential is also 

limited.  
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Most maize is shelled by farmers in a shelling area close to their farms and shelling machines would 

need to access these areas to cater to these practices. Given the short period when shelling occurs, 

processors will also want to serve multiple farmers to recoup their investment. Therefore, electric 

shelling equipment must be mobile and chargeable, and this equipment option is not available in 

Ethiopia.  

  

Balcha Ambisa with his stationary diesel-powered 

mechanical sheller. Mr. Ambisa only shells maize for 150 ETB 

per quintal. During busy periods (November to February), he 

serves an average of five customers and processes a total of 

3 quintals per day. Mr. Ambisa would like to expand his 

business but faces challenges in accessing finance, and has 

difficulty advertising his shelling services within the 

community. 
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A.3 Wheat 

• Wheat is a staple food in Ethiopia produced at high volumes nationally. 

• Significant local consumption of wheat in rural communities makes production zones in Amhara 

and Oromia strong potential areas for electrified wheat processing initiatives. Eighty-six percent 

of wheat is produced in Amhara and Oromia, and most farmers produce wheat for subsistence. 

This means that most wheat is consumed in the communities where it is produced. The high 

demand for local processing within the communities of Amhara and Oromia suggest that these 

regions have the highest potential for electrifying processing activities.  

• Wheat milling is immediately suitable for electrification with minigrids (Tier 1). Wheat milling is a 

necessary processing step for making wheat flour, and processors already operate mechanized 

milling equipment across Ethiopia. Existing fossil fuel-powered equipment can be retrofitted with 

an electric motor. Our survey across Amhara, Oromia, and SNNPR shows that 84% of rural 

kebeles already have at least one mechanized mill processor operating locally.  

A.3.1 Background 

Ethiopia is the second largest producer of wheat in 

continental Africa—in 2019 Ethiopia produced 

53.2 million metric quintals of wheat, behind Egypt 

(90 million metric quintals) and ahead of Morocco 

(40.3 million metric quintals).52 Wheat production 

accounted for 18% of cereal production in the 

2019 Meher Season, when 4.9 million farmers 

cultivated 1.8 million hectares of land for wheat 

production.53   

Domestic wheat supply tripled between 2000 and 

2018. 54  In 2014, 98% of wheat farmers were 

smallholders and only 5.7% of total wheat 

production (2.24 million metric quintals) came from 

large-scale commercial farms. 55  Smallholder 

wheat farmers cultivate small plots of land, with 

average farm sizes of 0.34 hectares. 

A.3.1.1 Production 

High and rising production volumes suggest strong and reliable supply for post-harvest processing. 

A wheat crop almost ready for harvest on Usmail 

Feko’s farm in the Hitosa woreda of the Arsi Zone, 

Oromia. Mr. Feko plants wheat once per year. He 

produces 57 quintals of wheat every harvest and 

retains 20 quintals for household use. Mr. Feko 

trades cleaned wheat grains with local traders and 

the community cooperative. 
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Exhibit 40: Trends of Production, Area Harvested, and Yield for Wheat between 2000 and 2019  

Note: Wheat yields are the second highest behind maize when compared among major cereals (teff, wheat, 
maize, and barley). In terms of area cultivated and overall production of major cereals, wheat is third behind 
both teff and maize. (Source: FAOSTAT Production) 

Consistent and high production volumes indicate strong supplies to sustain processing businesses. 

Improvement in wheat productivity and expansion in cultivated area have led to consistent increases 

in production. These improvements (shown in Exhibit 40) indicate that processors can confidently 

expect a stable supply for processing.  

Wheat production in Ethiopia increased by 330% between 2000 and 2019. During this same period, 

area dedicated to wheat production increased by 68% and wheat productivity increased by 155%.56 

These productivity improvements were due to an increased adoption of modern inputs such as 

pesticides and fertilizers. In 2014, 47.2% of wheat farmers—the highest adoption rate among cereal 

farmers in Ethiopia—applied pesticides to crops, compared with 30.4% of wheat farmers in 2003.xliv 

As a result, as of 2014 wheat is the most widely fertilized crop among the cereals—farmers fertilized 

73% of all cultivated land.xlv,57  

Yet, wheat productivity can improve further. For example, farmers do not commonly purchase 

improved wheat seed varieties (only 6% in 2014) and on average farmers only purchase improved 

varieties every 17 years.58 In 2019, wheat yields in Zambia and Egypt (highest observed in continental 

Africa), as well as across Europe, were more than twice those observed in Ethiopia.59 Government 

policies, including the National Growth and Transformation Plan, are prioritizing improving wheat 

productivity going forward. Programs like the Integrated Agro-Industrial Park in Central-Eastern 

Oromia, and Agricultural Commercialization Clusters by the Ethiopian Agricultural Transformation 

Agency (ATA), were working to raise average wheat productivity by 27% through 2020. xlvi , 60  

 
xliv In 2014, 39.5% farmers applied pesticides for teff, 23% for barley, 9.2% for sorghum, and 5.7% for maize.  
xlv The average fertilizer application rate among the cereals in 2014 was 53.1%. Farmers fertilized 68.7% of cultivated land 

for growing teff, 50.8% for maize, 42.8% for barley, and 14.7% for sorghum. 
xlvi The specific targets for this pilot Agro-Industrial Park for production are approximately 25.7 million metric quintals of 

wheat (11.5 million metric quintal of durum wheat and 14.2 million metric quintal of bread wheat). By 2020, the average 
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According to the Ethiopian Central Statistical Agency, in 2014 farmers irrigated less than 1% of the 

field area dedicated to wheat cultivation—similar to irrigation levels observed for other cereal crops 

in Ethiopia.xlvii The Ethiopian Agricultural Transformation Agency is prioritizing irrigation for wheat 

production to support wheat cultivation outside of moderate rainfall areas.61 If successful, these 

interventions would further boost wheat production and increase the overall supply available for 

processing.  

A.3.1.2 Processing 

Wheat milling shows significant potential for electrification. 

The current state of processing activities in rural communities—if processors currently carry out an 

activity in rural communities, and if they do so 

mechanically—can help determine whether 

electrifying an activity in the short term is viable. If a 

processing activity is necessary for consuming 

wheat, higher consumer demand can help sustain 

mechanizing that activity. Currently mechanized 

activities—those where processors use fossil fuel-

powered equipment—already demonstrate 

profitability and processor capacity to manage 

processing businesses.  

Processing activities that are carried out manually in 

rural communities and do not generate an income do 

not have evidence to suggest that mechanization is 

profitable. Would-be processors would need training 

to build up their management capacity before 

introducing electric equipment and establishing new 

processing businesses. Currently, wheat milling is 

the only required step for wheat processing that is 

widely mechanized in rural communities and takes 

place throughout the year. As such, there is 

compelling evidence to suggest that electric wheat 

milling is economically viable in rural communities 

and would require minimal training.  

Wheat processors retain more profits than other 

actors in the wheat value chain, retaining 24% of profits, while farmers retain only 13% of profits from 

 
productivity of wheat is expected to increase to 48 metric quintal per hectare for bread wheat and 44 metric quintal per 

hectare for durum wheat. The targets also state that the total cultivated land for wheat will increase to 540,000 hectares 

by 2020. 
xlvii Less than 1% of the area dedicated to teff and barley production is irrigated in Ethiopia; less than 2% of the area for 

maize and sorghum production is irrigated. Most farmers cultivate wheat in high rainfall areas and do not need to depend 

on additional irrigation. 

Andualem Workineh Mengiste shows wheat 

grains that are ready for trading. Mr. Mengiste 

pays 120 ETB per quintal to thresh his 50 

quintals of wheat every harvest. There are no 

threshing processors close to his community, 

Grum Yekez (Misrak Gojjam zone of Amhara). 

So, Mr. Mengiste transports his crops over large 

distances to access threshing processors. 
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each quintal sold.xlviii,62 This does not include industrial wheat processing activities like pasta-making.63 

Wheat milling and threshing both have strong offtake markets in rural communities, and rural 

processors make enough revenues to invest in equipment and cover operational expenses.  

Wheat flour is the feedstock of most wheat food products in Ethiopia.xlix, 64 Both bread and pasta are 

prepared from wheat flour—the process of preparing wheat flour is the same for both durum and 

bread wheat varieties. There are few traditional products that require un-milled whole wheat grains 

instead of flour. l , 65 Exhibit 42 shows the processing steps in producing flour. Drying, threshing, 

winnowing, and milling are all necessary activities but among them, only milling uses mechanical 

equipment in rural communities.  

Our survey findings show that farmers carry out drying, threshing, and winnowing manually on the 

field at the farm before storing or selling grains to traders. In contrast, milling takes place wherever 

consumers are located because final consumers prefer to mill before consumption. Processors we 

surveyed provide milling services for a fee of 0.94 ETB per kilogram of wheat grain milled.  

The timing of wheat processing informs whether specific activities are well suited for electrification 

with minigrids. Seasonal processing activities are less optimal for electrification with minigrids 

because they create fluctuations in energy demand between active and inactive months. Minigrid 

developers require consistent energy demand throughout the year to recover their investment—

fluctuations in energy demand from seasonal activities leads to underutilization of capacity for a 

portion of the year.  

Exhibit 41 shows that wheat milling takes place year-round: throughout the year, consumers store 

whole grains and carry small volumes of wheat grain to processors for milling before consumption. 

Post-harvest wheat processing that occurs on the farm (drying, threshing, winnowing) takes place 

close to harvest and only occurs from November to February.  

 
xlviii From a 2018 study of wheat value chain actors in the Arsi-to-Finfinnee (in Addis) market chain, the profits obtained by 

value chain actors were observed based on the ratio of cost of production to selling price received for product. Farmers 

had net profits of 13%, collectors 9%, wholesalers 8%, retailers 3%, and processors 24%. 
xlix The most popular products include injera—thin and spongy fermented bread made from raw flour, water, and 

previously fermented dough; genfo—popular gelatinous dish made from boiling the flour of lightly roasted grains including 

barley and wheat; araqe—a high alcohol content distilled beverage made by fermenting a mixture of gesho leaves, water, 

and bread made of germinated barley or wheat (Selinus, R., "The Traditional Foods of the Central Ethiopian Highlands," 

and Bunker, M., "Harvesting Wheat by Hand").  
l Some whole grain wheat products include dabokolo—fried wheat grain and kinche—a porridge made from roasted 

wheat grain. 
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Exhibit 41: Annual Wheat Planting and Processing Calendar  

Note: Experts consider June through the end of September to be lean grain supply months because in most 
areas there are limited harvests during this period for any major cereals.  (Source: FAO GIEWS, 2020) 
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Exhibit 42: The Wheat Processing Flow from Harvested Wheat to Wheat Flour 
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Note: In rural communities, most wheat is sold in the form of dried grain to final consumers. Consumers will 
typically take their crop to processors for milling. 28, 29 (Source: RMI Survey)  

Initiatives to electrify smallholder wheat processing activities will have the strongest potential in 

Amhara and Oromia.  

The prevalence of processing activities in Amhara and Oromia demonstrates strong offtake markets 

for processed wheat products. The high production volumes in Amhara and Oromia suggest that 

these regions are significant hubs for on-farm processing activities that occur immediately after 

harvesting. The potential for electrifying wheat processing is high in rural communities with high wheat 

production because of the cumulative demand for both on-farm processing and end-consumer milling 

occurring locally.  

Wheat farmers in Oromia and Amhara represent a significant segment of the wheat processing 

market. Exhibit 43 shows that most of Ethiopia’s wheat production (87% in 2019/20) comes from 

Oromia and Amhara.66 As discussed in Exhibit 42, wheat farmers must dry, thresh, and winnow wheat 

on-site before storing or selling the grains. From our survey, we only observed mechanized threshing 

equipment in kebeles that were among the top 15 producers of at least one major cereal (maize, 

wheat, teff, barley). li  Furthermore, most wheat farmers are subsistence farmers who consume 

substantial portions of harvested crops—farmers consume between 33% to 58% of their wheat 

harvests in the household and end-consumers prefer to mill immediately before consumption.67 

Therefore, high production communities need both on-farm processing and end-consumer milling.  

 

Exhibit 43: Spatial Production of Wheat across Ethiopia  

Note: Wheat grows across four regions in Ethiopia, with 58% of wheat growing in Oromia alone. Most wheat 
in Ethiopia grows in the high-altitude areas (1,500 m above sea level), where temperatures tend to be mild 
(7°C–21°C) and there is moderate rainfall (750–1,600 mm per year).68 (Source: USDA Foreign Agricultural 
Service) 

 
li Amhara, Oromia, and SNNPR are the top three regional producers of teff, maize, wheat, and barley in Ethiopia by 

production volume. 
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A.3.1.3 Losses 

On-farm wheat losses limit the business potential for wheat processing down the value chain.  

Post-harvest losses decrease the overall volumes of wheat that are available for processing and 

consumption. This makes wheat processing activities less viable. Smallholder wheat farmers that RMI 

surveyed reported average post-harvest losses of 11%. These estimates are consistent with expert 

estimates of post-harvest losses of 14%–21%.69  

A case study of wheat losses throughout the steps to produce wheat in Arsi and transport it to Addis 

Ababa markets noted 6% losses during harvesting due to rainy weather at harvest times.  According 

to this market study, farmers observed negligible losses of 0.25%, 0.35%, 0.5% respectively for 

drying, threshing, and winnowing. 70  However, the greatest observed losses were reported for 

improper storage of wheat in the field (8%). Most farmers (66%) store wheat grains in bags, where 

storage losses drop to 2%, but many farmers (38%) store grains in less secure traditional thatch huts 

outdoors.71 Grains are susceptible to storage pests and mold when left in the field or unsealed 

conditions.72 These losses demonstrate the need for improved storage techniques. However, these 

issues can be addressed through non-energy solutions and are not considered further in this study.  

A.3.1.4 Demand 

High localized demand for wheat in rural communities suggests strong potential for electrifying wheat 

processing activities in rural communities.  

 

Exhibit 44: Gross National Supply of Wheat between 2000 and 2018 in Million Quintals 
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Note: The data table gives a breakdown of gross domestic supply into national harvest, imports, exports, and 
national stocks. We add production and imports but subtract exports (in red) to determine the gross domestic 
supply. The Government of Ethiopia contributes national wheat stocks toward domestic supply during periods 
of shortage and subtracts a portion of national production from domestic supply during periods of excess 
production (as denoted by red values). Wheat imports account for between 18% (2017, 2013) and 60% 
(2003) of the gross domestic wheat supply. (Source: FAOSTAT New Food Balances) 

Another indicator of strong processing potential is high local 

consumption in rural communities. Wheat is a core part of rural 

diets and the demand for processing in rural communities is also 

strong.  

Domestic wheat consumption is high in Ethiopia given that 

wheat exports are negligible (as shown in Exhibit 44). Less than 

0.2% of domestic wheat supply has been exported since 

2000—except in 2012 (1.7%).73 In fact, Ethiopia imports wheat 

to meet national demand: in 2018, 18% of the domestic wheat 

supply was imported. Between 2000 and 2018, imports 

accounted for between 18% and 56% of the total national wheat 

supply. 74  Therefore, the domestic wheat supply must be 

processed within country because Ethiopians consume all the domestic supply.  

Wheat imports do not reach rural consumers unless they are directed to specific food-insecure 

woredas.75 This means that most rural consumption of wheat is produced locally. Commercial users 

procure most wheat imports (70% in 2014). Commercial processors import wheat—primarily durum 

wheat for pasta and macaroni production—because they cannot source the volumes they need 

domestically.76 

Thirty percent of wheat imports went toward food aid in 2014, and actual aid volumes ranged between 

2 and 14 million metric quintals between 2000 and 2014.77 Authorities import most of this volume 

and subsidize wheat to increase the affordability of wheat products for poor urban consumers.78 

Authorities only distribute subsidized wheat to a few authorized large-scale mills and businesses all 

located near major cities, and most traders and bakers sell subsidized wheat products in 

marketplaces within major cities.79 These processors, and any other processors along the value chain 

handling subsidized wheat, must trade their products at subsidized prices. Only the portions of food 

aid imports that are prioritized for The Productive Safety Nets Programme (PSNP) and other smaller 

food aid initiatives are distributed to rural communities.lii, 80 

 
lii The Productive Safety Nets Programme (PSNP) assists 7 million poor households living in 290 food-insecure woredas 

with food and crop supplies, as well as funding. In 2009, the PSNP distributed 4.6 million metric quintals of food (which 

includes food products across various crops) to these communities. 

Cleaned wheat grains stored inside 

the household in sacks. 
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Exhibit 45: Consumption of Wheat Domestic Supply by the Major Categories of Food, Seed, Losses, and 
Animal Feed in Million Quintals  

Note: Food purposes accounts for 54%–91% of wheat consumption in Ethiopia. Since 2014, wheat has been 
increasingly used for animal feed. Significant portions of wheat are consumed for “other uses,” but the actual 
end use of this category is not well characterized by the FAO or the Ethiopian Central Statistical Agency. liii 
(Source: FAOSTAT New Food Balances) 

  

 
liii Other uses refer to end-uses other than food, seed, animal feed, losses, tourist consumption, and processing. In 2018, 

other uses accounted for 30% of all consumption. 
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Box 1: The Growing Animal Feed Market in Ethiopia  

 

 

Ethiopians consumed 62% of domestic wheat supply for food in 2018. All the wheat consumed for 

food (shown in Exhibit 45) required processing in Ethiopia.81 Per capita consumption of wheat is 

consistent across Ethiopia—annual per capita wheat consumption was estimated at 30 kg in rural 

communities in 2011.liv, 82 Consumption is consistent across major cereals, but wheat consumption is 

slightly below maize consumption in rural communities. lv , 83  Rural consumers are less likely to 

purchase pre-made bread and pasta products as they are less affordable. Instead, rural consumers 

more often make traditional and baked flour-based goods in the household using wheat flour. 

 
liv During the same period, annual per capita wheat consumption was relatively equal in towns (39 kg) and urban locations 

(40 kg). 
lv A 2011 study compared annual per capita consumption of major cereals in rural communities: 42.2 kg for maize, 31.2 

kg for wheat, 20.1 kg for teff, and 14.3 kg for barley. 
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A.3.1.5 Local Trade 

Wheat milling has potential for electrification in both high and low wheat production rural areas as 

consumers buy and trade wheat grain and process grains into flour before consumption. 

Local trade data shows that significant levels of wheat remain in rural communities for local 

consumption. Farmers we surveyed retain 33% of their harvest for household use. The survey 

findings presented in Exhibit 46 also show that traders sell on average 20% of purchased wheat crops 

within the same community. The literature confirms these findings as our research shows that 

farmers—having the largest collective wheat storage capacity—collectively store 260 million metric 

quintals of wheat.lvi Farmers primarily store crop for seed use and consumption—this enables them 

to mill grains throughout the year.  

 

Exhibit 46: Wheat Product Flow from Farmers to Consumers Based on RMI Survey Findings from Value Chain 
Actors in Wheat-Producing Communities in Amhara, Oromia, and SNNPR  

Note: We measure trade flow proportions by percentage of wheat volume traded. (Source: RMI Survey, 
2020). 

But farmers have limited storage capacity. When farmers reach max capacities during surplus or 

harvest periods, they sell excess grains they cannot store.84 Traders sell whole wheat grains to end-

consumers in low production regions who mill crops before consumption. This suggests that wheat 

flour milling takes place in rural communities across Ethiopia.  

A.3.2 Opportunities for Electrification 

 
lvi According to a 2015 wheat value chain study, the average on-farm storage capacity was 26 metric quintal per farm. 
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We analyzed threshing, winnowing, hulling, drying, and milling to 

identify opportunities for short-term electrification. As described 

in the evaluation framework of Section 2.4.1, we used the 

metrics of local capacity, offtake market, equipment and 

electrification, and scalability to shortlist activities that 

demonstrated strong readiness for electrification today or in the 

short term with minimal support needed.  

In the wheat value chain, wheat milling showed significant 

potential for short-term electrification. Wheat milling and 

threshing are both necessary for all wheat consumed in Ethiopia. 

These activities are discussed further below.  

Other activities are not immediately suitable for electrification 

with minigrids. Farmers manually air dry almost all wheat 

produced in Ethiopia because it is free and generally effective. 

There is little evidence that farmers are willing to pay for the 

consistency of electrically dried wheat. Likewise, almost all 

wheat storage techniques in rural communities do not involve electric or fossil fuel-powered energy. 

Lastly, rural consumers rarely hull wheat before consumption because wheat hull layers are soft and 

edible. Wheat drying, storage, and hulling are not covered further because they show little potential 

for electrification. 

A.3.2.1 Wheat Milling 

Wheat milling shows the most potential for short-term electrification in rural communities.  

The prevalence of wheat millers in rural communities shows that processors have the capacity to 

effectively manage processing businesses and maintain mechanized equipment. Demand for wheat 

milling is consistent and robust because most consumers in rural communities pay processors to mill 

their wheat mechanically. Electric wheat mills are available in Ethiopia and milling demand persists 

year-round throughout rural communities, suggesting strong scalability.  

Abebech Balcha with her diesel-

powered mill. She processes teff, 

maize, and wheat grain into flour 

for 100 ETB per quintal. Ms. Balcha 

typically earns 1,000 ETB in weekly 

revenues and serves eight 

customers per day.  



104 

 

As shown in Exhibit 46, most rural consumers purchase wheat grains and take their crop to be milled 

in small batches throughout the year. From our survey findings, an average processor serving 36 

customers per day would generate 1,500 ETB in daily revenues. Processors can expect this demand 

to remain consistent throughout the year.  

Electric wheat flour milling in rural communities is ready for further testing and piloting. Processors 

need to test electric mills in their businesses to compare costs, performance, and throughputs against 

those of fossil fuel-driven motors. Surveyed processors observe throughputs of 2.1 quintal/hour using 

fossil fuel-powered equipment. A pilot study will also need to address whether electric mills can meet 

the throughput needs of processors while powered by a minigrid system. Otherwise, it would be risky 

for a processor to invest in an electric mill without the confidence that minigrids can reliably power 

equipment whenever the processor needs to mill wheat.  

A.3.2.2 Wheat Threshing 

Wheat threshing is not currently suitable for electrification in rural minigrid communities.  
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Wheat threshing does not currently demonstrate 

strong potential for electrification in rural minigrid 

communities. Wheat threshers are rare in rural 

communities, so there is little evidence that 

processors have gained experience in managing 

wheat threshing businesses and maintaining 

mechanical threshing machines. Although 

farmers thresh the wheat they harvest, most 

farmers do not pay for threshing—74% of wheat 

farmers we surveyed thresh crops manually or 

with animal power. Therefore, there is no proven 

offtake market for mechanical threshing services 

and the process is not yet widely mechanized. 

Wheat threshing only takes place in high wheat-

producing rural communities, and farmers only 

require wheat processing for three months of the 

year.  

In addition, electric equipment suitable for 

consumer needs is not available. Most wheat is 

threshed by farmers in the field, so threshers 

must be moved to farm fields to cater to farmer 

practices. Distances from community centers to 

farm fields average 3.4 km and can range up to 

8.4 km. It is not economically viable for a minigrid 

developer to run distribution lines to connect threshers in the fields. This means that processors need 

mobile chargeable electric threshers, and these are not readily available in Ethiopia.  

 

Nebo Obse Kimo with his mechanical thresher. Mr. 

Kimo threshes barley and wheat for 90 ETB per 

quintal. During busy periods (December to February), 

he serves an average of 10 customers and processes 

a total of 40 quintals per day. Mr. Kimo also sells 

wheat and pearled barley grains directly to 

consumers. 
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A.4 Barley 

• Barley is not a staple food across Ethiopia and is only produced at high volumes in the Ethiopian 

highlands. 

• Significant consumption in barley-producing communities makes high production zones in 

Amhara and Oromia potential areas for electrified barley processing initiatives. Eighty-three 

percent of barley is produced in Amhara and Oromia, and most barley farmers retain portions of 

their production for subsistence purposes. As such, most barley is consumed in the highland 

areas where it is produced. The high demand for local processing within communities of Amhara 

and Oromia suggest that these regions have the highest potential for electrifying processing 

activities.  

• Barley milling may be suitable for electrification in the medium term (Tier 2). Barley milling is a 

necessary processing step for making barley flour and processors already operate mechanized 

milling equipment across Ethiopia. Existing fossil fuel-powered milling equipment can be 

retrofitted with an electric motor. Based on 2020 RMI survey findings, 84% of rural communities 

already have at least one mill processor operating locally. But barley consumption is concentrated 

in high production zones, so the demand for barley processing has limited scalability across 

Ethiopia. 

A.4.1 Background 

In 2018, Ethiopia was the second largest barley producer in 

continental Africa behind Morocco lvii , 85  From 2019 to 2020, 

farmers cultivated 950 thousand hectares of land to produce 24 

million quintals of barley.86  

Food barley accounts for 90% of barley production in Ethiopia and 

farmers primarily use it for subsistence purposes.87 Malt barley 

accounts for the remaining 10% of national barley production, and 

farmers primarily sell malt barley to malting factories and 

breweries.88  

Barley is the least prominent major cereal crop grown in 

Ethiopia. lviii ,89 Only 25% of cereal farmers in Ethiopia produced 

barley in 2019, and barley made up only 6% of Ethiopia’s total 

cereal production that year.lix Most barley production comes from 

smallholder farmers with plot sizes smaller than 0.5 hectare and 

 
lvii Morocco produced 0.75 million quintals more barley than Ethiopia in 2018 (Abate, G. et al., Maize Value Chain in 

Ethiopia: Structure, Conduct, and Performance, 2015, doi:10.13140/RG.2.1.2229.0804). 
lviii Other major cereals include wheat, teff, maize, and sorghum.  
lix In 2019, 65% of cereal-producing farmers cultivated maize, 31% cultivated wheat, 31% cultivated sorghum, and 45% 

cultivated teff. During the same period, maize accounted for 34% of Ethiopia’s cereal production in 2018, compared with 

17% for wheat, 19% for teff, and 18% for sorghum. 

Karoorsa Mamo Doyo cultivates a 

hectare for barley on his farm in 

the Shirka woreda of the Arsi 

Zone, Oromia. He plants barley 

once per year and produces 30 

quintals of crop each harvest. His 

crop is threshed manually for 

free. Mr. Doyo trades with local 

collectors and at markets in his 

community and neighboring 

communities. 
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most barley farmers (53%) dedicate only 0.15 hectare for barley production.lx,90  

A.4.1.1 Production 

Relatively low and stagnant barley production volumes in Ethiopia suggest unreliable supply for barley 

processing. 

The inconsistency of barley production volumes signals 

that barley supplies may be too unstable to support viable 

processing businesses. Although yields and production 

volumes doubled between 2000 and 2019, the total area 

cultivated for barley increased by only 8% within the same 

period. More importantly, barley production throughout 

that period was erratic.  

IFPRI explored this volatility assessing the coefficient of 

variation of barley production trends for 2003–2013 

against their decade-long compound annual growth 

curves.lxi On average, the actual annual production value 

differed by 40% from the expected value for that year. This 

average variation was 38% for barley yields and 25% for 

area cultivated.91 

A 2019 survey of 180 farmers in the North Gondar 

highlands of Amhara (a barley production hub) found that 

only 2.2% of farmers consistently produce barley each 

year. In fact, 82% of respondents indicated that they are reducing the area devoted to barley.92 

Farmers cited a move to cultivate cash crops, the low productivity of available barley seeds, and soil 

erosion as reasons for this shift. These findings reflect that year-to-year barley trends in Ethiopia are 

volatile and on a downward trend, thereby increasing the risk for processors investing in new 

equipment to access sufficient volumes to recover their investment.   

 
lx From the 2012/2013 Agricultural Sample Survey: 29% of barley production comes from (0.5–1 hectare) farmers with 

average cultivated area of 0.68 hectares, 15% from (1–2 hectare) farmers with average cultivated area of 1.3 hectares, 

and 4% from (more than 2 hectares) farmers with average cultivated area of 2.8 hectares. 
lxi Coefficient of variation (CV) is defined as the quotient of the standard deviation and the mean for a dataset. This 

measures how much the data points generally differed from expected values (Mohammed, J., Seleshi, S., Nega, F. & Lee, 

M., "Revisit to Ethiopian traditional barley-based food," Journal of Ethnic Foods 3, 135–141, 2016.). While the compound 

annual growth rates were calculated over the period, the actual values for each year would be expected to fall slightly 

above or below the expected values on the growth rate curves. The CV is a measure of the degree of variation, compared 

with the actual expected value. 

Barley flour after weigh-in at the grain 

milling processor. 
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Exhibit 47: Trends of Production, Area Harvested, and Yield for Barley between 2000 and 2019 

Note: Barley is consistently the lowest performer among the major cereals (teff, wheat, maize, and barley). 
For production and area harvested, barley also shows the least growth between 2000 and 2019. Barley yields 
lag wheat and maize yields but stay higher than teff yields. (Source: FAOSTAT Production) 

Despite improvements during the past decade, barley yields in Ethiopia have significant room for 

improvement, compared with other African countries: in 2018, Ethiopia’s overall barley yields ranked 

sixth in continental Africa at 21.6 quintal per hectare.lxii Ethiopia’s barley farmers are the least likely 

among cereal farmers to adopt modern inputs. In 2014, of all fertilizers applied to cereal crops in 

Ethiopia, farmers only used 4% for barley cultivation.lxiii,93 Less than 1% (0.6%) of barley farmers used 

improved seed varieties in 2014, even though a study shows that adoption of improved seed varieties 

could double barley yields. The public resources to disseminate barley inputs have been scarce. 

Regional seed enterprises, the major government-authorized distributors of improved barley seed 

varieties, only designated 4% of their total seed supply for selling barley. lxiv , 94 Low barley yields 

compound the risks of unstable barley supplies for processors. 

A.4.1.2 Processing  

Milling shows potential for electrification within the barley value chain. 

The existing state of processing activities in rural communities helps indicate whether an activity is 

suitable for short-term electrification with minigrids. We find that barley milling is the only barley 

processing activity that is already widely mechanized in rural communities. Since processors already 

have the capacity to manage milling businesses and have experience paying for fuel and upkeep of 

fossil fuel-powered equipment, they require less support to transition to electric equipment. 

Furthermore, barley milling is the only processing activity that consistently occurs year-round, which 

is favorable for minigrids. Barley milling therefore demonstrates potential for electrification. 

 
lxii The top three barley yields in continental Africa were 1.6–2.5 times the yields observed in Ethiopia. Yields of 54.9, 39.0, 

and 35.4 quintal per hectare were observed in Zimbabwe, Kenya, and South Africa, respectively. 
lxiii By comparison, in that year 22% of fertilizers were applied for wheat and 16% for teff. 
lxiv Regional seed enterprises marketed 18% of their supply for teff, 63% for wheat, and 13% for maize in 2014. 
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Exhibit 50 shows the flow of processing activities for making barley flour.95 As shown in Exhibit 53, 

barley flour is the most popular form for consuming barley particularly in rural communities. Barley 

flour is a popular substitute for other types of flour in numerous traditional food products.lxv,96 Farmers 

dry, thresh, winnow, and de-hull barley crops on the farm before trading barley grains to traders who 

sell to end-consumers. Similar to other cereal crops, end-consumers take grains to processors within 

their communities for milling before cooking and consumption.97 Drying, threshing, winnowing, and 

hulling are important on-farm processing activities, while milling is a critical end-consumer processing 

activity. 

Exhibit 48: Annual Barley Planting and Processing Calendar 

Note: Experts consider June through the end of September to be lean grain supply months because in most 
areas, there are limited harvests during this period for any major cereals.98 (Source: FAO GIEWS, 2020) 

The seasonality of barley processing throughout the year is critical for determining if specific 

processing activities are suitable for electrification with minigrids. As discussed in Section A.3.1.2 for 

the wheat value chain, seasonal processing activities are less optimal for electrification with minigrids 

because fluctuations in energy demand from seasonal activities leads to underutilization of capacity 

 
lxv The most popular traditional products derived from barley flour include injera—thin and spongy fermented bread made 

from raw flour, water, and previously fermented dough; kita—dry, thin, chewy unleavened flatbread that is typically mixed 

with barley flour; dabo—soft and salty leavened bread that is typically mixed with barley flour; genfo—popular gelatinous 

dish made from boiling the flour of lightly roasted barley minus the hulls; beso and chuko—roasted barley (and sometimes 

other cereals) flour usually made into a drink with water, sugar and spices; tihlo—balls of boiled barley flour prepared 

similarly to beso. 
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during the year. Inconsistent energy demands affect the earning potential of minigrid developers 

trying to recoup investment costs. As the processing calendar in Exhibit 48 shows, farmers we 

surveyed carry out on-farm processing activities such as threshing, winnowing, drying, and hulling 

between November and March—closely following harvesting periods.99 Therefore, if these activities 

were electrified there would be no electricity demand for eight months of the year. In contrast, milling 

takes place year-round. 

Barley processing is a niche opportunity for high production communities in Amhara and Oromia. 

There is a cumulative demand for end-consumer processing and on-farm processing activities in 

Amhara and Oromia. As shown in Exhibit 49, farmers in Amhara and Oromia contribute most (85% 

in 2020) of the national production—twenty-three of the top twenty-four barley-producing woredas 

are located in these regions. Barley crops grow best in the highlands, and farmers in these areas 

favor barley because (compared with other grains’ performance at high altitude) it is more resilient 

against frost, water logging, diseases, and pests. Most barley production in Oromia comes from the 

Arsi-Bale and West Shewa zones, while the production hubs in Amhara are in the North Shewa and 

North Gondar zones.100  Because consumption is coupled to production, these production hubs 

present a niche opportunity for barley processing 

 

Exhibit 49: Spatial Production of Barley across Ethiopia 

Note: Barley grows optimally in the highlands of Ethiopia, and cultivation is only split among four regions. 
(Source: USDA Foreign Agricultural Service)  
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Exhibit 50: The Barley Processing Flow from Harvested Barley to Barley Flour 

Note: Most marketed barley is sold in the form of dried grain to final consumers. Consumers typically take 
their crop to processors for milling. 
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A.4.1.3 Losses 

Losses restrict the business potential for barley processing activities along the value chain.  

Post-harvest losses decrease the overall volumes of barley that are available for consumption and 

processing. This makes barley processing activities less viable. Improperly dried barley grains are 

prone to rot. Losses from improper storage also affect crop supply as deteriorated grains used as 

seeds have lower crop yields. Proper drying and storage techniques can decrease losses and 

increase supplies in the barley value chain. 

Experts in 2019 estimated barley crop losses in Ethiopia at approximately 10%.101 Improper drying 

and storage techniques particularly affect post-harvest losses. Barley grain that is not dried to below 

12%–12.5% moisture content levels is susceptible to rot.102 Farmers often use tarpaulins or plastic 

sheets to separate crops from the soil, but unpredictable rainfall affects the drying process and 

increases losses. Half of all barley farmers we surveyed air-dry their barley, and among them 33% 

reportedly faced challenges drying their crops at least 10 days every harvest.  

Meanwhile, most farmers store barley primarily for future household consumption and secondarily for 

future seed use.103 Farmers store barley as dried grain or flour, which are both shelf stable with proper 

storage conditions. But they typically store barley in bags on the ground in the house.lxvi,104 Improper 

storage techniques significantly increase crop deterioration and spoilage. Effective drying and 

storage techniques could help reduce losses and improve crop supplies. 

A.4.1.4 Demand  

Localized demand for barley in producer communities suggests 

limited scalability for electrification.  

Barley is not a central part of rural household diets outside of the 

Ethiopian highlands where farmers cultivate it. This indicates that the 

processing activities described in  

Exhibit 50 predominantly occur in rural communities where barley 

grows. 

Most of the barley produced in Ethiopia is consumed in the country, 

as shown in Exhibit 51. Ethiopia has not exported barley since 

2000.105 In fact, Ethiopia imports barley to meet national demand: in 

2018, 8% of the domestic barley supply was imported. Therefore, the 

domestic barley supply must be processed within the country.  

 
lxvi Fifty-eight percent of farmers store barley in bags in the house, 29% use other forms of storage in the house, 7% 

heap barley in the house, 6% use unprotected piles, and no farmers use metallic silos in the house. 

Dereje Lema piling large grain 

barley flour on a tarpaulin. Mr. 

Lema uses his grain mill to 

process barley grains. 
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Exhibit 51: Gross National Supply of Barley between 2000 and 2018 in Million Quintals 

Note: The data table gives a breakdown of gross domestic supply into national harvest, imports, exports, and 
national stocks. We add production and imports but subtract exports (in red) to determine the gross domestic 
supply. The Government of Ethiopia contributes national barley stocks toward domestic supply during periods 
of shortage and subtracts a portion of national production from domestic supply during periods of excess 
production (as denoted by red values). Barley imports account for up to 8% of the gross domestic barley 
supply. (Source: FAOSTAT New Food Balances) 

Barley imports do not reach rural consumers and small-scale rural processors because local 

breweries and malting factories import malt barley for large-scale commercial use. The malt barley 

sector growth discussed in Box 2 has increased the demand for high-quality malt barley. But industrial 

malting and brewing companies are unable to procure high volumes of high-quality malt barley in 

Ethiopia and therefore import crops to supplement their demand.  

Around the world, barley is widely used for animal feed, but as shown in Exhibit 52, this is not the 

case in Ethiopia.lxvii,106 Farmers prefer the high quality of barley straw for thatching roof, beds, and 

baskets. But, as discussed in   

 
lxvii In 2012/13, 65% of global barley production was used for animal feed (Kifle, S. W., "Review on Barley Production and 

Marketing in Ethiopia," 2016). 
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Box 1, the market for animal feed is growing and barley may help to meet this demand alongside 

other cereal crops in the future. 

 

Exhibit 52: Consumption of Barley Domestic Supply by The Major Categories of Food, Seed, Losses, and 
Animal Feed in Million Quintals 

Note: Barley consumption for seed has remained almost static over the years, but food consumption has 
steadily increased. Since 2014, a small portion of barley has been consumed for animal feed. (Source: 
FAOSTAT New Food Balances) 

Ethiopians primarily consume barley for food (74% of domestic barley supply in 2018). All the barley 

consumed for food (shown in Exhibit 52) required processing in Ethiopia.107 But 60% of barley food 

intake occurs in highland regions where it is grown.108 Per capita consumption of barley is highest in 

rural communities as shown in Exhibit 53—annual per capita barley consumption was estimated at 

15 kg in rural communities in 2011. lxviii , 109  Yet, barley consumption is the lowest across major 

cereals.lxix,110 Nonetheless, for rural households that consume barley, it is a staple crop and significant 

source of calories. Most barley consumers use barley flour to make traditional and baked flour-based 

goods. 

  

 
lxviii During the same period, annual per capita barley consumption was significantly lower in towns (6 kg) and cities (3 

kg). 
lxix A 2011 study compared annual per capita consumption of major cereals in rural communities: 42.2 kg for maize, 31.2 

kg for wheat, 20.1 kg for teff, and 14.3 kg for barley. 
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Exhibit 53: Barley Consumption by Location and Type of Barley Product 

Note: Barley consumption in flour form (e.g., as injera or other baked goods) is most popular among all types 
of households. Rural consumers use greater volumes of barley across all product forms. Relatively low 
proportions of households consume barley on an annual basis. (Source: Rashid et al., 2015) 

  



117 

 

Box 2: Rising Malt barley Demand for Beer Production  
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A.4.1.5 Local Trade 

As of 2015, Ethiopian farmers only sold 12% of their barley 

production. 111  In 2020, farmers we surveyed in producer 

communities reported selling 70% of their barley harvest. These 

data points from different sources cannot indicate precise 

changes, but they can suggest trends. Our research (See Box 2) 

suggests that an increase in barley trade is reasonable as a 

response to the increasing demand from industrial malt barley 

processing discussed in Box 2. Nonetheless, the prevalence of 

processors in the communities surveyed indicates that enough 

barley remains in producer communities to sustain these 

processing businesses.  

 

 

Exhibit 54: Barley Product Flow from Farmers to Consumers Based on RMI Survey Findings from Value Chain 
Actors in Barley-Producing Communities in Amhara, Oromia, and SNNPR 

Note: We measure trade flow proportions by percentage of barley volume traded. (Source: RMI Survey, 
2020). 

A.4.2 Opportunities for Electrification 

We analyzed several processing activities for barley to identify opportunities for short-term 

electrification including threshing, winnowing, hulling, drying, and milling. As described in the 

evaluation framework of Section 2.4.1, we used the metrics of local capacity, offtake market, 

equipment and electrification, and scalability to shortlist activities that demonstrated strong readiness 

for electrification today or in the short term with minimal support needed. 

Pearled barley grain ready for 

trading. 
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Barley milling shows potential for short-term electrification in niche areas but holds less potential to 

scale compared with other crops studied. We also explore barley hulling but find it is not immediately 

suitable for electrification with minigrids. 

Other activities show less potential, and we do not consider them in depth. Traditional malting and 

brewing involve numerous steps that do not require mechanical energy. Electric equipment for these 

activities would be costly. This is because both malting and brewing involve heating across several 

steps (dough-making, roasting, soaking, and incubation). Heating is not a cost-effective use of 

electricity particularly to replace fossil fuel-powered cook stoves prevalent in rural communities.  

Barley drying does not currently demonstrate strong potential for electrification in rural minigrid 

communities. Barley drying processors are rare in rural communities, so there is little evidence that 

processors have gained experience in managing barley drying businesses and maintaining 

mechanical drying equipment. 

Although threshing is necessary, 94% of farmers we surveyed threshed their barley manually and 

most of these farmers did not pay for threshing. Therefore, there is little evidence that farmers are 

willing to pay for electric threshing. Similarly, almost all barley storage in rural communities does not 

require energy. These activities show little potential for electrification in rural communities and we do 

not explore them further. 

A.4.2.1 Barley Milling 

Barley milling is a niche opportunity that shows potential for short-

term electrification in producer communities but not at scale 

across Ethiopia. 

The prevalence of barley milling in producer communities shows 

that processors have the capacity to manage processing 

businesses and maintain mechanized equipment. Demand for 

local barley milling only exists in producer communities signaling 

low scalability. Furthermore, even in producer communities barley 

volumes are erratic. Therefore, most millers (68% of survey 

respondents) process barley alongside other cereals to reduce 

supply risk, and would-be millers are unlikely to invest in a mill to 

solely mill barley.lxx  

 

 
lxx Of grain milling processors surveyed, 64% mill wheat, 57% mill teff, and 82% mill maize. 

Habib Demicha with his diesel-

powered grain mill. He processes 

barley, horse beans, and yellow 

peas. Mr. Demicha mills crops into 

flour for 20 ETB per quintal and 

operates his business year-round. 

He typically serves 10 customers 

per day and earns 600 ETB in 

weekly revenues. Mr. Demicha has 

trouble accessing the necessary 

financing to expand his business 

and cannot purchase electric 

equipment as he does not have 

electricity access.  
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A.4.2.2 Barley Hulling 

Barley hulling is not immediately suitable for electrification with minigrids. We found no processors 

focused on barley hulling in the rural communities surveyed. There is no willingness to pay for barley 

hulling as most farmers and consumers hull their grains manually at home. Electric barley hulling 

equipment is available in Ethiopia but uncommon.  

Barley hulling is necessary for consumption, but the stage at which barley hulling occurs—and the 

corresponding hulling method—varies by barley product. Consumers hull barley grains immediately 

after threshing for products like kinche or shorba, while they roast and mill whole barley grains before 

sieving hulls for products like genfo or beso. Some farmers hull barley grains before trading. In 

fermentation activities like malting, barley hulls are left intact to maintain optimal conditions for seed 

germination but are easily removed after soaking. The variety of methods directly impacts the demand 

for mechanical barley hulling. Since steps before and after hulling occur in the household, consumers 

are less incentivized to go to a barley processor for hulling.112  
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Further support is necessary before barley hulling can be suitable for electrification. The business 

case for mechanized barley hulling must first be demonstrated in rural communities. Only if 

consumers demonstrate a willingness to pay for hulling barley, will it make sense to explore further 

the viability of electrifying this step.  

  
Abeyot Ayenew Asres with his 

diesel-powered mechanical 

thresher. Mr. Asres uses his 

equipment to pearl barley grains 

for 30 ETB per quintal. During busy 

periods (November to April), he 

serves an average of three 

customers and processes a total of 

3 quintals per day. Mr. Asres would 

like to expand his business but 

faces challenges in accessing 

finance and has limited land 

resources for new worksites. 
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A.5 Teff  

• Teff is a staple food in Ethiopia produced at high volumes nationally. 

• Significant local consumption of teff indicates strong potential for electrifying processing in 

production zones of Amhara and Oromia. From 2019 to 2020, 87% of teff was produced in 

Amhara and Oromia. Most teff farmers retain portions of teff crops for subsistence and so 

significant volumes of teff are consumed in the communities where it is produced. The high 

demand for local processing within communities of Amhara and Oromia suggest that these 

regions have strong potential for electrifying processing activities. 

• Teff milling is suitable for electrification but the future of this opportunity is less clear (Tier 2). Teff 

milling is a necessary processing step for making teff flour, and processors already operate 

mechanized milling equipment across Ethiopia. But demand for teff in rural communities is falling 

due to high prices. However, milling teff alongside other grains will continue to be viable. Existing 

fossil fuel-powered milling equipment can be retrofitted with an electric motor. Eighty-four percent 

of rural kebeles from our survey already have at least one mechanized mill processor operating 

locally. 

 

A.5.1 Background 

Teff is a species of lovegrass native to the Horn of Africa and 

known for its small grain kernels.113 Ethiopia is the primary 

teff producer around the world—in 2019 Ethiopia produced 

57.4 million metric quintals of teff and as of 2016, Ethiopia 

produced 90% of the world’s teff. lxxi , 114  International teff 

demand continues to grow among the Ethiopian diaspora—

which was estimated at 2 million in 2016—and consumers 

worldwide seek teff’s nutritious and gluten-free properties.115  

Teff is central to Ethiopia’s national identity because 

Ethiopians use teff to make injera—a staple that is widely 

consumed with traditional Ethiopian dishes. lxxii  Yet, the 

demand for teff—and lagging improvements in productivity 

discussed below—make it relatively expensive in Ethiopia. In 

2011, teff made up 30% of average daily caloric intake in 

urban communities, but only 8% in rural communities. Teff is 

considered a luxury grain, and rural consumers generally opt 

to sell the teff produced so they can purchase cheaper 

grains like maize, sorghum, wheat, or barley.116 

 
lxxi Teff is now grown marginally in the Netherlands, Spain, Australia, and within the United States—in Idaho, California, 

Texas, and Nevada. (O’Connor, A., "Is Teff the New Super Grain?" Well, 2016 

https://well.blogs.nytimes.com/2016/08/16/is-teff-the-new-super-grain/; and Fortune, A., The Globalisation of Teff: 

Implications for Ethiopia, https://addisfortune.news/the-globalisation-of-teff-implications-for-ethiopia/.) 
lxxii Injera is a thin and spongy fermented bread made from raw flour, water, and previously fermented dough. 

Smeneh Gashe standing in his field of 

teff crop in the Guangua woreda of the 

Awi Zone, Amhara. Mr. Gashe plants teff 

once per year on 1 hectare of land. He 

produces 35 quintals of teff every 

harvest and retains 10 quintals for 

household use. Mr. Gashe manually 

threshes his teff for free with friends 

and family before trading. 

https://well.blogs.nytimes.com/2016/08/16/is-teff-the-new-super-grain/
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Researchers in 2011 found that smallholder farms produced 99.8% of teff, while large-scale farms 

produced the remaining 0.2%. As of 2011, most (80%) smallholder farmers cultivated less than 1.5 

hectares per farm.lxxiii,117  

A.5.1.1 Production 

High and rising teff production volumes in Ethiopia suggest strong and reliable supply for post-harvest 

teff processing. 

Stable and high production volumes indicate sufficient volumes to sustain viable processing 

businesses. Improvements in teff productivity and expansion in cultivated area have led to consistent 

increases in production and stable annual supplies. These improvements shown in Exhibit 55 indicate 

that processors can have confidence in the stability and availability of annual teff supply.  

 

 

Exhibit 55: Trends of Production, Area Harvested, and Yield for Teff between 2000 and 2019 

Note: Compared with other cereals, the largest area of land is dedicated to teff cultivation. Yet, teff yields are 
consistently the lowest among the major cereals. Teff yields also show the least growth with a compound 
annual growth of 4.3%.lxxiv, (Source: Ethiopian Central Statistical Agency Agricultural Sample Survey 2000-
2019) 

Teff is the second most widely cultivated crop in Ethiopia behind maize—7.2 million farmers cultivated 

teff in 2019.lxxv As shown in Exhibit 55, teff production in Ethiopia increased by 230% between 2000 

and 2019. During this period, area dedicated to teff production increased by 42% and teff productivity 

increased by 132%.118 These productivity improvements were due to an increased adoption by 

farmers of modern inputs such as pesticides and fertilizers. In 2014, 39.5% of teff farmers—the 

second highest adoption rate among cereal farmers in Ethiopia behind wheat—applied pesticides to 

 
lxxiii In Ethiopia, smallholder farmers are split evenly among these farm sizes (20% each): 0–0.25 hectares, 0.25–0.52 

hectares, 0.52–0.90 hectares, 0.90–1.52 hectares, and 1.52–25.20 hectares. 
lxxiv Compound annual growth rates of grain yields between 2000 and 2019 were 4.9% for maize, 5.2% for barley, and 

4.8% for wheat. 
lxxv Maize, the most highly cultivated crop among farmers in Ethiopia, was cultivated by 11.5 million farmers in 2019.  
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crops, compared with 11.5% of teff farmers in 2011.lxxvi,119 Teff was also the second most widely 

fertilized cereal crop in Ethiopia behind wheat in 2014—farmers fertilized 68.7% of land dedicated to 

teff cultivation that year.lxxvii,120  

Yet, teff yields are consistently the lowest among maize, wheat, and barley. Although a relatively high 

proportion of teff farmers use improved seeds (35% of teff farmers in 2017 compared with 6% of 

wheat farmers in 2014), teff farmers are not able to maximize yields because of specific farming 

practices.121 Researchers find that teff farmers excessively till their land as they prepare soil: farmers 

in 2013 were tilling teff fields more than four times per harvest despite government agency 

recommendations to reduce tilling.lxxviii,122 Excessive tillage decreases teff yields by preventing crop 

root elongation and accelerating the decomposition of soil nutrients.123 Production, area harvested, 

and yields have also slightly stagnated since 2016.lxxix,124 Farmers can improve teff farming practices 

and further increase crop supply for processing. 

A.5.1.2 Processing 

Teff milling shows significant potential for electrification among 

teff processing activities. 

As discussed in Section A.3.1.2 for the wheat value chain, the 

existing state of processing activities in rural communities 

helps indicate whether an activity is suitable for short-term 

electrification with minigrids. We find that teff milling is the only 

critical teff processing activity that is already widely 

mechanized in rural communities. Since processors already 

have the capacity to manage milling businesses and have 

experience paying for fuel and upkeep of fossil fuel-powered 

equipment, they require less support to transition to electric 

equipment. Furthermore, teff milling is the only processing 

activity that consistently takes place year-round, which is 

favorable for minigrids. Teff milling therefore demonstrates 

strong potential for short-term electrification by minigrids. 

Teff flour is the main ingredient in injera, the primary product that Ethiopians make with teff.125 

Consumers also use low-quality teff grain to make local alcoholic beverages like tela and araqe.lxxx,126 

Exhibit 57 shows the processing steps involved in producing teff flour. Drying, threshing, winnowing, 

 
lxxvi In 2014, 47.2% farmers applied pesticides for wheat, 23% for barley, 9.2% for sorghum, and 5.7% for maize.  
lxxvii The average fertilizer application rate among the cereals in 2014 was 53.1%. Farmers fertilized 73% of the land 

cultivated for growing wheat, 50.8% for maize, 42.8% for barley, and 14.7% for sorghum. 
lxxviii Tillage is the process of mixing and displacing soil to integrate organic soil components and break apart soil for easier 

seed germination. This is important for circulating soil components and loosening hardened soil to support germination of 

tiny teff seeds. 
lxxix The compound annual growth rate for yield between 2000 and 2019 is 4.3%, compared with 2.7% between 2016 and 

2019; compound growth for area harvested between 2000 and 2019 is 1.8%, compared with 0.7% between 2016 and 

2019; compound growth for production between 2000 and 2019 is 6.2%, compared with 2.9% between 2016 and 2019. 
lxxx Araqe—a high alcohol content (22%–50%) distilled beverage made by fermenting (and then distilling) a mixture of 

gesho plant leaves, water, and bread made of germinated barley, wheat, or teff; tela—a local beer made by fermenting 
the same ingredients as araqe. 

Teff flour in a canvas after milling. In 

this form, teff is ready for 

consumption. 
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and milling are all necessary activities but among them, only milling processors predominantly use 

mechanical equipment for processing crops in rural communities. Teff flour milling takes place 

wherever consumers are located because final consumers take their grain to a processor for milling 

before consumption. Processors we surveyed mill teff as a service for a fee of 0.94 ETB per kilogram 

of teff grain milled.  

The timing of teff processing in the year informs whether specific activities are well suited for 

electrification with minigrids. Seasonal processing activities are less optimal for electrification with 

minigrids because they create fluctuations in energy demand between active and inactive months. 

Minigrid developers require consistent energy demand throughout the year to recover their 

investment—fluctuations in energy demand from seasonal activities lead to underutilization of 

capacity for a portion of the year. 

  

Exhibit 56 : Annual Teff Planting and Processing Calendarlxxxi  

Note: Experts consider June through the end of September to be lean grain supply months because in most 
areas, there are limited harvests during this period for any major cereals. (Source: FAO GIEWS, 2020)  

Exhibit 56  shows that teff milling takes place year-round: throughout the year, consumers store whole 

grains and carry small volumes of teff grain to processors for milling before consumption. Post-harvest 

teff processing that occurs on the farm (drying, threshing, winnowing) take place immediately 

following harvest times and only occurs from January through March with some variation—in lowland 

areas, threshing starts as early as November. 

 
lxxxi The Meher planting season is split into two weather seasons: Bega (October to January) and Kiremt (June to 

September). Bega typically corresponds to dry and cold weather across the country. Kiremt is the main rainy season 

across the country, except for the South and Southeast areas (Fikadu, A. A., Wedu, T. & Derseh, E., Review on 
Economics of Teff in Ethiopia, 2019, http://doi:10.31031/OABB.2018.02.000539). 
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Exhibit 57: The Teff Processing Flow from Harvested Teff to Teff Flour 

Note: In rural communities, most marketed teff is sold in the form of dried grain to final consumers. 
Consumers will typically take their crop to processors for milling.55 (Source: FAO, 2018) 
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Initiatives to electrify smallholder teff processing will have the highest potential in Amhara and Oromia.  

High production volumes in Amhara and Oromia indicate that these regions are hubs for on-farm 

processing activities that occur immediately after harvesting. In 2019, 87% of teff production came 

from Oromia and Amhara.lxxxii,127 Teff is known for adapting to numerous conditions including varied 

humidity and rainfall levels, a range of altitudes, and different temperature and soil atmospheres.128 

This explains why teff is widely cultivated in so many areas across Ethiopia as seen in Exhibit 58. 

Nonetheless, teff yields are highest when cultivated at altitudes between 1,800 and 2,200 meters 

above sea level with adequate rainfall. This is why Oromia and Amhara are predominant teff 

producers.129  

 

 

 

 

 

 

 

 

 

 

Exhibit 58: Spatial Production of Teff across Ethiopia 

Note: Teff grows across four regions in Ethiopia, with 49% of teff growing in Oromia alone. (Source: IFPRI, 
2013) 

A.5.1.3 Losses 

On-farm teff losses restrict the business potential for teff processing activities along the value chain.  

Losses affect processing volumes across the value chain as spoilt crops are discarded before getting 

processed. Experts estimate that on-farm post-harvest losses average 13% but losses can 

significantly exceed this level.130 A 2015 study found that farmer losses (in harvesting, drying, storage, 

 
lxxxii In 2019, 49% of Ethiopia’s teff production came from Oromia (28.1 million quintals), 38% from Amhara (21.9 million 

quintals), 5% from Tigray (3.1 million quintals), 7% from SNNPR (3.8 million quintals), and less than 1% from Benishangul-

Gumuz (0.4 million quintals).   
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and transportation) in the Workima kebele of Amhara were 25%. Threshing accounted for the highest 

proportion of losses (8%), followed by teff stacking during drying (6.3%).lxxxiii, 131  

Reported losses during storage are relatively low (3%) because teff grains are resistant to storage 

pests like weevils, and can remain edible for years.132 Most farmers store teff grains in bags inside 

the home and improved storage techniques across cereal crops would have limited impact on teff 

grain losses. Mechanized threshing would reduce crop losses, but our survey findings indicate that 

94% of farmers thresh teff manually. We discuss the opportunity for electrifying teff threshing and 

drying below. 

A.5.1.4 Demand 

Fluctuating demand for teff in rural communities suggests limited potential for electrifying teff milling.  

The demand for teff flour in rural communities is a strong 

indicator of the potential for electrifying smallholder processing 

activities in these communities. Ethiopia’s teff demand is high 

and rising, but not in rural communities. As teff prices rise, rural 

consumption falls. Rural consumers that use teff predominantly 

use teff flour. Demand for processing in rural communities exists 

but is sensitive to teff prices and the success of processing 

businesses depends on a stable local demand for flour. 

Most teff produced in Ethiopia is consumed domestically. Official 

teff exports have been limited and peaked at 1.5% of national 

production in 2005.133 During 2006–2015, the Government of 

Ethiopia banned all teff exports to support the domestic teff 

market and increase the availability and affordability of teff in 

Ethiopia.134  Since 2015, the Government has allowed limited 

exports of processed teff products from authorized dealers who 

must source their teff from authorized farmers. 135  Yet, some 

researchers cite that there is significant teff smuggling from 

Ethiopia to neighboring countries.136 This indicates high international demand for teff that further 

increases local teff prices.  

 
lxxxiii Farmers also reported losses of 5.6% from harvesting, 2.2% from farmer transportation, and 3.2% from farm storage. 

Cleaned teff grains stored inside 

the household in sacks. 
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Teff is a cash crop that rural farmers cultivate and sell 

instead of consuming themselves. We found that teff 

grain prices were significantly higher than that of any 

other major cereal flour at 32 ETB per kg—twice the 

price of wheat grains at 16 ETB per kg.lxxxiv As a result, 

rural consumption per capita of teff flour is a third of 

urban per capita consumption—in 2011, per capita 

demand was 20 kg in rural communities compared 

with 61 kg in urban communities. As teff prices 

continue to rise, researchers estimate that rural 

consumption will continue to fall.137 Demand for milling 

in rural communities is sensitive to the price dynamics 

of teff and may continue to fall going forward. 

Nonetheless, demand for on-farm processing activities 

(drying, threshing, and winnowing) is high and will 

continue to rise with increasing teff production. 

A.5.1.5 Local Trade 

Teff milling has potential for electrification in rural areas, for now.  

Local trade patterns show that some teff processing must take place in rural communities although 

increasing prices may continue to decrease the size of this market. Our survey findings show that on 

average, farmers surveyed retain 37% of their teff harvests for household use (Exhibit 59). We also 

found that that traders sell on average 40% of teff crops within the same community. This portion of 

crops that remains in these communities is milled locally. 

 
lxxxiv 2020 RMI survey results found the following median grain prices: 11 ETB per kg for maize, 16 ETB per kg for wheat, 

13 ETB per kg for barley, and 32 ETB per kg for teff. 

Metoaleqa Tlahun Tesfaye shows teff grains 

that are ready for trading. Mr. Tesfaye 

threshes his 15 quintals of teff for free through 

friends and family every harvest. He often 

faces problems of broken teff grains that lower 

the sale price of his crops. 
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Exhibit 59: Teff Product Flow from Farmers to Consumers based on RMI Survey Findings from Value Chain 
Actors in Teff-Producing Communities in Amhara, Oromia, and SNNPR 

Note: We measure trade flow proportions by percentage of teff volume traded. (Source: RMI Survey, 2020). 

 

A.5.2 Opportunities for Electrification 

We analyzed several processing activities for teff to identify opportunities for short-term electrification 

including threshing, winnowing, hulling, drying, milling, and injera-making. As described in the 

evaluation framework of Section 2.4.1, we used the metrics of local capacity, offtake market, 

equipment and electrification, and scalability to shortlist activities that demonstrated strong readiness 

for electrification today or in the short term with minimal support needed.  
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Across the teff value chain, teff milling showed potential for short-term electrification but it was unclear 

how long this opportunity will last. As teff prices continue to rise, the demand for teff flour in rural 

communities will fall. Therefore, the demand for milling services in rural communities is also at risk. 

Teff milling and threshing are critical processing steps. These activities are discussed further below.  

Other activities in the value chain hold less potential and are not considered further. For example, 

despite the growing popularity of injera-making businesses in urban markets, they are not yet viable 

in rural communities. Researchers estimate that the market size of ready-made injera in 2015 was 

9.8 billion ETB.138 But, rural consumers do not typically pay for ready-made injera. Public attitudes in 

rural communities do not yet support injera-making as an income-generating activity: consumers in 

rural communities make injera at the home for household consumption and customarily gift each 

other with injera. In addition, in rural communities injera is almost exclusively made using mitads over 

a fossil fuel cookstove or wood fire. 62 Electric mitads will require further testing to ensure compatibility 

with minigrids.  

Other activities are also not immediately suitable for being electrified with minigrids in Ethiopia’s rural 

communities. Almost all teff storing techniques do not require energy. Since teff losses from storage 

are small and existing storage techniques are generally effective, the potential impact and viability of 

modified teff storage is also limited. Most teff is air 

dried by farmers in the field, and we found no drying 

processors that dry teff. Lastly, rural consumers 

rarely hull teff before consumption because teff hull 

layers are soft and edible. 

A.5.2.1 Teff Milling 

Teff milling shows the most potential for short-term 

electrification in rural minigrid communities, but its 

future is limited.  

Teff milling demonstrates strong potential for 

electrification right now. The prevalence of teff 

milling processors in communities shows that 

processors have the capacity to effectively manage 

processing businesses and maintain mechanized 

equipment. Demand for teff milling is robust right 

now because most consumers in rural communities 

pay processors to mill their teff mechanically. But teff prices have continued to rise as the increasing 

national demand for teff is met with limited improvements in crop production.  

If rural consumers cannot afford to buy teff, they will have limited demand for teff milling. This future 

demand risk in rural communities is most significant for teff among major cereals because teff grains 

are already twice the price of other grains.lxxxiv Electric teff mills are available in Ethiopia and grain 

milling demand persists year-round and already takes place throughout the country. This suggests 

strong scaling potential if processors can mill other grains alongside teff. 

Kass Teshome with his diesel-powered grain mill. 

He processes teff, wheat, maize, and sorghum 

from grains into flour for 200 ETB per quintal. 

Mr. Teshome typically earns 2,300 ETB in weekly 

revenues and serves 15 customers per day. His 

milling business operates year-round. 



133 

 

 

A.5.2.2 Teff Threshing 

Teff threshing is not currently suitable for 

electrification in rural minigrid communities.  

Teff threshers are rare in rural communities, 

so there is little evidence that processors 

have gained experience in managing teff 

threshing businesses and maintaining 

mechanical threshing machines. Although 

many farmers thresh their harvests, 89% of 

surveyed teff farmers do not pay for 

threshing, so there is no proven willingness 

to pay for mechanical threshing services. 

Farmers also thresh teff manually, so the 

process is not yet widely mechanized. Teff 

threshing only takes place in high teff-

producing rural communities, and farmers 

only require teff processing for three 

months of the year. 

Kebede Tadese using his mechanical thresher, with which 

he only processes teff. Mr. Tadese threshes his own teff 

crops and then sells threshed teff grains for 3,200 ETB per 

quintal. During busy periods (January to March), he sells his 

grains to an average of 25 customers every day and earns a 

total of 4,000 ETB each week.  
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The same threshing equipment discussed for wheat threshing in Section A.3.2.2 is used for teff 

threshing. Most teff is threshed by farmers in the field, so threshing machines would need to access 

farm fields to cater to these practices. Electric threshing equipment must be mobile as it is not 

economically feasible for a minigrid developer to run distribution lines to connect stationary threshers 

in distant farming fields. Electric threshing equipment that is mobile and rechargeable is not readily 

available in Ethiopia. 
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A.6 Dairy 

• Dairy products are not staple foods in Ethiopian diets and production volumes vary 

significantly across communities. 

• Limited local consumption of dairy products limits the potential for dairy processing in 

rural communities. Niche areas in high production communities—especially those near 

urban markets—have potential for electrified dairy processing. From 2019 to 2020, 90% 

of milk was produced in Somali, SNNPR, Amhara, and Oromia. Dairy producers sell most of the 

fresh milk they collect to traders and so limited volumes of products are consumed and processed 

in rural communities. Most dairy processing takes place in urban markets, so there is currently 

limited potential for electrifying dairy processing in rural markets. Niche opportunities for dairy 

processing exist for high dairy-producing peri-urban communities near urban markets.  

• Milk chilling is not suitable for electrification (Tier 1). Milk chilling is not a necessary 

processing step in rural communities because rural producers sell fresh milk and process 

remaining milk into shelf-stable products within hours of collection. The rural demand for fresh 

milk is also low, so consumers are not willing to pay for refrigerated milk. Only 4% of rural kebeles 

from our survey sample across Amhara, Oromia, and SNNPR have mechanized milk chilling. 

A.6.1 Background 

In 2019, Ethiopia was the fourth largest milk producer 

(3.54 billion liters) in the African continent behind Kenya 

(5.37 billion liters), Egypt (4.51 billion liters), and Sudan 

(4.49 billion liters). 139  That year, Ethiopia’s livestock 

population was the eighth largest in the continent at 12.7 

million animals and mostly consisted of cows (68%).lxxxv,140 

Almost all milk production in Ethiopia comes from cows 

 
lxxxv Ethiopia’s 2019 livestock herd consisted of 68% cows, 21% sheep, 10% goats, and 2% camels. 

Seid Yifredegn with his cows in the Dessie 

Zuriya woreda of the Debub Wello Zone, 

Oromia. Mr. Yifredegn milks one of his 

cows to produce milk throughout the year. 

He produces 900 liters of milk each year, 

sells half of this as fresh milk, and retains 

the other half for household use. Mr. 

Yifredegn would like to expand his business 

but lacks finance and is interested in 

learning more about business 

management first.  
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(91% in 2019). lxxxvi,141 The scale of dairy production is small—the median dairy producer in milk 

production zones owns two cows.142 

A.6.1.1 Production 

Limited milk production volumes in rural communities suggest an unreliable supply for 

post-harvest dairy processing. 

Volatile milk production volumes may signal instability for would-be milk processors. Milk production 

trends fluctuated between 2000 and 2019 (as shown in Exhibit 60).143  During this period, milk 

production increased by 244% and the animal population dedicated to milk production (dairy animal 

population) increased by 115%, but the yield per animal only increased by 60%. More importantly, 

milk production is volatile, and would-be processors therefore face higher risks of insufficient milk 

supply. 

  

Exhibit 60: Trends of Producing Animals, Production, and Annual Animal Productivity for Milk between 2000 
and 2019 (Source: FAOSTAT Livestock Primary) 

Between 2000 and 2010 alone, milk production increased by 322% (increasing consistently for the 

first time since 1993) in direct response to increases in the dairy animal population. However, most 

of this growth occurred in commercial production in urban areas. During this period, the expansion 

in the commercial dairy market enabled urban and peri-urban dairy producers to access modern 

inputs and trade channels. As commercial dairy processing companies began to establish operations 

in Ethiopia, demand for high quality fresh milk to serve urban markets boosted sale prices.lxxxvii, Dairy 

producer associations directed resources to serve this urban market, developing animal feed markets 

and cross breeding cows to improve milking yields. After government authorities relinquished control 

of the dairy market and transitioned to an advisory role, newly empowered cooperatives and dairy 

companies extended milk collection services that allowed dairy producers to access formal trade 

 
lxxxvi In 2019, cows provided 91% of milk production, camels produced 5%, and sheep and goats produced 2% each 

(Abate, G. et al., Maize Value Chain in Ethiopia: Structure, Conduct, and Performance, 2015, 

http://doi:10.13140/RG.2.1.2229.0804). 
lxxxvii For example, the Sebeta Agro-Industry processing firm set up operations in the late 1990s. 
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markets.144 By 2010, robust urban and peri-urban dairy markets had formed around Addis Ababa 

and other cities. 

Despite growth in the dairy animal population, milk yield per animal has remained low. In 2019, the 

annual milk yield per animal in South Africa—the highest recorded productivity in the African 

continent—was 3,360 liters compared with 278 liters in Ethiopia.145 The decline in average annual 

productivity from 2002 to 2017 shown in Exhibit 60 is attributed to the steep increase in Ethiopia’s 

livestock herd during the same period. Despite recent efforts by producer associations, only 32% of 

milk-producing cows in 2019 were genetically bred to optimize milk production.146 The average cow 

in Ethiopia lactates for six months and produces 1.4 liters of milk per day while a cross-bred cow can 

yield an additional 5.3 liters per day.147 

Despite the growth in production led by urban and peri-urban producers, production in rural areas 

remains low. IFPRI researchers surveyed 870 producers surrounding Addis Ababa and analyzed how 

travel time to urban markets affects rural producer operation and performance. lxxxviii,148 This study 

found that the greater the distance to urban markets, the lower the financial viability for milk 

production. Remote dairy producers cannot access demand for their product, and so do not invest 

in improved production practices and inputs. Therefore, yields and production remain low.  

For example, no producers with four hours or more travel time to Addis Ababa own cross-bred 

cows.lxxxix Producers with three hours or more travel time to Addis Ababa also do not invest in animal 

feed and rely on grazing.xc As such, producers in remote communities (four hours or more travel time 

to Addis) have significantly lower yields—observed daily yields of producers in remote communities 

were on average 2 liters (1 liter per cow), significantly below the daily yields of 15 liters (5 liters per 

cow) achieved by producers located nearby Addis.149 At six-hour travel times from Addis, producers 

no longer consider dairy production an income-generating activity due to lack of access to market 

channels and instead focus on milk production for subsistence.  

A.6.1.2 Processing 

No dairy processing activity shows immediate potential for electrification in remote rural 

communities. 

The existing state of processing activities in rural communities helps indicate whether an activity is 

suitable for short-term electrification with minigrids. We find that currently no dairy processing activity 

is widely mechanized in rural communities. Processors do not currently have capacity to manage 

dairy processing businesses or the experience paying for fuel and upkeep of fossil fuel-powered 

equipment, so they would require significant support before transitioning to electric equipment.  

 
lxxxviii Travel time for respondents varied from 0–6 hours and was measured in terms of straight-path walking commutes. 

Even within this range, populations shifted drastically from urban near Addis Ababa to rural after multiple hours of travel 

time from Addis. This study sought to investigate groups with some form of access to a larger market, but also to 

understand how the thresholds of distance affected producer marketing and production behavior. 
lxxxix By comparison, for producers near Addis Ababa, half of their herds are the higher-yielding cross-bred cows and sixty 

percent of them own at least one cross-bred cow. 
xc Meanwhile, producers near the city spend 2,030 ETB every month on animal fodder for milking animals. 
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Exhibit 62 shows the flow of processing activities involved in making butter from fresh milk. Among 

dairy products, rural consumers prefer butter and cheeses, particularly because of their acidic flavor 

and longer shelf-life.150 Although milking is a necessary step to produce these products, activities that 

occur in rural communities are generally not mechanized.  

Producers do not generally pasteurize or refrigerate milk in rural communities. Instead, they ferment 

fresh milk to increase shelf-life, which does not require mechanization.xci In producing butter, which 

is not a commercial activity and occurs at the household level, consumers extract milk fats from milk, 

and these milk fats are shelf-stable for weeks. Local cheese, made by heating fermented milk with 

acid, is also shelf-stable for up to a week and so does not require refrigeration.151 Rural consumers 

generally make butter and cheese manually with little effort and at low cost, so there is limited 

awareness of and incentive for mechanizing—and then electrifying—these processing activities. 

The seasonality of dairy processing throughout the year is critical for determining if specific 

processing activities are suitable for electrification with minigrids. As discussed in Section A.3.1.2 for 

the wheat value chain, seasonal processing activities are less optimal for electrification with minigrids 

because fluctuations in energy demand lead to underutilization of capacity during a part of the year. 

Fluctuating energy demand limits the earning potential of minigrid developers trying to recoup 

investment costs. 

Seasonality of milk production therefore varies by location depending on rainfall. Cows require 

sufficient water and feed to produce milk, so production depends on rainfall and crop production for 

animal feed. Although the dairy producers and processors we surveyed stated that milk production 

and processing are not seasonal, our research indicates (as shown in Exhibit 61) that the average 

cow in Ethiopia lactates for only seven months of the year.xcii This means that for five months of the 

year, there would be limited electricity demand connected to dairy processing.  

Initiatives to electrify smallholder dairy processing activities will have the highest potential 

near cities in Oromia, SNNPR, and Amhara.  

Electrified dairy processing activities will have the highest potential near urban markets, where dairy 

processing activities are already prevalent. As we discuss below, paying dairy consumers are 

concentrated in urban communities. To access consumers and deliver products without risk of 

spoilage, dairy processors operate in peri-urban communities that are nearby cities. So, proximity to 

urban markets is the key indicator for the prevalence of dairy processing.  

In 2019, producers from Oromia, SNNPR, Somali, and Amhara produced 90% of Ethiopia’s milk 

production (as shown in Exhibit 61). However, dairy processing and consumption was mostly 

concentrated in the peri-urban and urban areas in each of these regions. Dairy producers in rural 

communities carry out on-farm processing activities (milking) and use small portions of their own milk 

to carry out end-consumer processing (fermenting, butter churning, cheese making) primarily for 

subsistence purposes. But dairy processing activities do not take place in remote rural communities 

 
xci Consumers ferment raw milk into more acidic milk products like irgo (fermented milk) or arrera (sour buttermilk), 

particularly because their acidity inhibits bacterial growth. 
xcii Since cows require animal feed and water to produce milk, lactation periods depend on the crop growth cycles and 

weather patterns of a particular area.  
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for income generation purposes. Therefore, there is limited potential for productive uses connected 

to dairy processing in rural communities. 

 

Exhibit 61: Regional Production Statistics from the 2019 Agricultural Sample Survey Data 

Note: The pie chart shows the proportions of total milk contribution by region in Ethiopia based on milk 
production from 2019 to 2020. The table shows the number of months that cows produced milk over the year 
in each region. The average lactation period across Ethiopia was seven months. (Source: CSA, 2019)  
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Exhibit 62: The Dairy Processing Flow from Raw Milk to Butter 

Note: Most milk is sold in the form of fresh milk to rural consumers who then make one of the many potential 
dairy products including butter and cheese.  
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A.6.1.3 Losses 

Dairy product losses restrict the business potential for dairy processing activities along the 

value chain.  

In peri-urban communities, dairy losses displace potential revenues. However, in rural communities, 

where the market for fresh milk is smaller, losses lead to displaced household consumption. Fresh 

milk spoils within hours without refrigeration, pasteurization, or fermentation. And so rural producers 

are motivated to sell fresh milk supplies quickly. Most consumers then ferment fresh milk or make 

butter to prevent spoilage. Pasteurization and milk chilling would significantly reduce milk losses but 

are less viable in rural communities because of low consumer demand for fresh milk and the lack of 

a cold chain to connect rural producers to urban markets.  

Experts estimate that milk losses across sub-Saharan Africa are 

as high as 40% due to spoilage or contamination despite the 

minimal reporting shown in Exhibit 64.152 Spoiled milk has an 

unpleasant flavor and can be deemed unsafe to consume due 

to bacterial growth and presence of contaminants. 

Contaminated milk collection equipment, hands or cow teats, 

and improper milk storage, can introduce dust or chemical 

contaminants into milk. 153  Dairy producers aiming for high 

quality milk and to reduce losses due to contamination must 

clean these surfaces—sometimes just with clean water.  

Milk can only be left at room temperature for up to two hours 

following milking as bacteria growth remains slow during this 

initial period. After that cutoff period, bacteria growth is 

exponential and doubles every 20–30 minutes unless milk is 

stored under 4°C or pasteurized. xciii , 154 Exposure to light and 

excessive agitation during handling also oxidize milk fats, which affects overall flavor.155 

Rural producers struggle to control these variables without adequate storage or pasteurization 

technology, but accessing these conservation technologies is unfeasible when they lack a market to 

sell to. Because milk spoilage leads to lost income, rural producers typically sell their milk immediately 

after collecting. 

Milk cooling and pasteurization could be transformative for Ethiopia’s dairy sector by reducing milk 

spoilage rates, but these processes are not yet feasible in rural communities. Below, we discuss the 

low demand for fresh milk in rural communities—rural consumers do not widely use fresh milk. In fact, 

after generations of relying on fermenting to create shelf-stable products, rural consumers prefer the 

taste of acidic dairy products over fresh milk products.156 

 
xciii Ultra-high temperature (UHT) pasteurization involves heating milk to 280°C–300°C for two to six seconds to kill all 

present bacteria. UHT-pasteurized milk is shelf stable at room temperature for up to six months when stored in sterile, 

sealed, dark containers.  

Fresh cow milk stored in clay 

containers. Producers typically 

transport milk in these containers for 

trading. 
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The business case for milk cooling depends on strong consumer demand to offset refrigeration costs. 

Since urban consumers demonstrate a willingness to pay for fresh milk, milk refrigeration in rural 

communities would require accompanying refrigerated transportation networks to distribute milk from 

rural communities to consumers in urban markets. Concerted efforts—beyond providing access to 

electricity and financing in rural communities—are necessary to develop and ensure the feasibility of 

a cold chain connecting remote rural producers to demand in urban markets.  

Pasteurization is also energy intensive and expensive and rural smallholder dairy producers cannot 

afford to buy equipment. More importantly, rural consumers who already cannot afford to pay for 

fresh milk do not have the ability to pay for locally pasteurized milk at the rate needed to offset 

processing costs. 

A.6.1.4 Demand 

Lack of localized demand for dairy products suggests limited potential for electrifying dairy 

processing activities in remote rural communities.  

 

Exhibit 63: Gross National Supply of Milk between 2000 and 2018 in Billion Liters 

Note: The data table gives a breakdown of gross domestic supply into national harvest, imports, exports, and 
national stocks. We add production and imports but subtract exports (in red) to determine the gross domestic 
supply. The Government of Ethiopia contributes national dairy stocks toward domestic supply during periods 
of shortage and subtracts a portion of national production from domestic supply during periods of excess 
production (as denoted by red values). National milk stock variations are negligible in Ethiopia during the 
period shown. Both imports and exports are generally limited and insignificant. (Source: FAOSTAT New Food 
Balances) 

Until cold chains connecting rural remote producers to existing demand in urban hubs are 

established, potential for dairy processing will depend on local consumption in rural communities. But 
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milk is not a central part of rural household diets, so there is limited demand for processing in rural 

communities across Ethiopia. This trend indicates that even in rural communities where milk is 

produced, the processing activities described in Exhibit 62 are not frequent and occur at the 

household level and not for commercial pursuits.  

Awareness about and demand for dairy products is increasing in Ethiopia, primarily in urban areas. 

Exhibit 63 shows that national supply has gradually increased between 2000 and 2018. The national 

per capita demand for milk almost doubled from 17 kg in 2011 to 31 kg in 2017.157 While per capita 

demand is consistent with other countries in sub-Saharan Africa, they are far below the 200 kg that 

the World Health Organization recommends for a balanced diet. xciv  Experts anticipate that milk 

demand will increase in line with Ethiopia’s growing population and as more Ethiopians migrate to 

urban areas for work opportunities and gain spending power to afford dairy products. These 

projections estimate that national milk consumption will reach 10–11 billion liters by 2028, more than 

three times the 2018 level (for food consumption) observed in Exhibit 64.xcv,158  

 

Exhibit 64: Consumption of Milk Domestic Supply by the Major Categories of Food, Losses, and Animal Feed 
in Billion Liters 

Note: Milk consumption peaked in 2010 and after a steep decrease in 2011 has remained mostly stagnant at 
2014 levels. Reported losses have remained minimal, but experts estimate milk spoilage losses to be much 
larger than quoted (closer to 40% across sub-Saharan Africa). (Source: FAOSTAT, New Food Balances) 

Across Ethiopia, dairy demand is limited and irregular. Devout subgroups of the Orthodox Christian 

faith, who are estimated to make up 62% of Ethiopians, abstain from dairy on fasting days.159 Between 

140 and 250 days of the year, adult Orthodox Christians avoid dairy products in observance of 

religious customs with the longest continuous fasting period lasting 55 days. This directly affects the 

marketing of milk products in rural communities where dairy producers cannot store and retain 

products to sell when demand recovers. Only 54% of smallholder dairy producers report that 

customers continue to buy products on these days.160 Dairy product prices react to these dips in 

demand: in August 2018, Zagol Milk Factory reported milk prices of 13 ETB per liter during fasting 

periods compared with 20 ETB per liter in non-fasting periods.161 

 
xciv Average annual milk consumption in sub-Saharan Africa was 25 kg per capita in 2011.  
xcv Projections of milk consumption by 2028 without any interventions is 10.9 billion liters. And 10.4 billion liters of milk 

consumption by 2028 is projected with the deployment of interventions to address young and adult stock mortality.  
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Fresh milk is considered too expensive among rural 

consumers, and dairy producers opt to sell their milk 

production and buy cheaper food for household 

consumption. Dairy producers reserve rejected milk 

and small volumes of leftover milk to make butter, 

cheese, and fermented products that are more shelf 

stable than raw fresh milk. 162  This aligns with dairy 

expenditure patterns shown in Exhibit 65, as lower-

income consumers spend more annually on butter than 

any other dairy product.163  This is especially true for 

lower-income rural consumers who prefer to consume 

dairy as butter.  

Exhibit 65: Dairy Product Expenditure by Income Quintile and Type of Product 

Note: We use the 2016 Household Income Consumption and Expenditure Survey (HICES 2016) to provide a 
representative depiction of dairy consumption in Ethiopia. Consumption among Ethiopia’s lowest income 
quintiles provide context of rural population spending, while the highest income quintiles illustrate urban 
community expenditure. Across all quintiles, consumer expenditure is high for butter. (Source: Minten et al., 
2018) 

Ahimed Teyib Mohammed with containers of fresh 

milk that are ready for trading in the Seweyna 

Woreda of the Bale Zone, Oromia. Mr. 

Mohammed sells both fresh cow’s milk and goat’s 

milk throughout the year. He pays 25–35 ETB per 

liter for cow’s milk and sells it for 35–40 ETB per 

liter. Likewise, he pays 30–40 ETB per liter for 

goat’s milk and sells it for 40–45 ETB per liter. Mr. 

Mohammed sells 108 liters of milk each week. 
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A.6.1.5 Local Trade 

Across Ethiopia’s dairy market, commercial milk processing facilities have significant demand for 

fresh milk. These companies—typically based in Addis Ababa and other cities—are critical off-takers 

that buy rural producer milk. They deploy traders and milk collectors, and make arrangements with 

producers and traders for easier local collection.164 

Commercial processing companies that set up out-grower schemes develop relationships with dairy 

producers and ensure that milk production meets their quality standards. 165  But commercial 

processing facilities are concentrated in urban areas and the dairy producers that serve this demand 

for fresh milk are in the areas surrounding urban markets. A study found that milk producers in 

communities with distances of four hours or more of travel time from an urban market (Addis Ababa), 

sell butter instead of fresh milk or cheese because of its increased shelf-life.166 This means that the 

dairy offtake arrangements for fresh milk do not extend into rural communities that are not located 

close to urban markets. 

Butter churning has longer term potential for electrification in dairy-producing rural areas. 

Dairy processing is limited in rural communities, but there is some small-scale butter churning for 

commercial purposes. Of the rural dairy producers we surveyed, 63% sold fresh milk, and the 

remaining 38% sold butter (shown in Exhibit 66). This indicates that rural dairy producers engage in 

butter churning for both household consumption and commercial purposes. However, butter markets 

in rural communities are small. Overall, milk is the most common form in which dairy is bought and 

sold. The highest subset of dairy traders we surveyed sold fresh milk (45%), and most dairy products 

leave the community primarily in milk form. 
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Exhibit 66: Dairy Product Flow from Producers to Consumers Based on RMI Survey Findings from Value 
Chain Actors in Dairy-Producing Communities in Amhara, Oromia, and SNNPR 

Note: We measure trade flow proportions by percentage of dairy volume traded. (Source: RMI Survey, 2020). 

A.6.2 Opportunities for Electrification 

We analyzed several processing activities in the dairy value chain to identify opportunities for short-

term electrification including mechanical milking, milk chilling, pasteurization, fermentation, butter 

churning, and cheese making. As described in the evaluation framework of Section 2.4.1, we used 

the metrics of local capacity, offtake market, equipment and electrification, and scalability to shortlist 

activities that demonstrated strong readiness for electrification today or in the short term with minimal 

support needed. 
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In the dairy value chain, no processing activity showed significant potential for short-term 

electrification in rural communities. There are niche opportunities for electrifying dairy processing 

activities in peri-urban communities that are close to urban markets and have access to paying 

customers. But opportunities in peri-urban communities are outside our scope since they do not 

extend to rural communities.  

Butter churning and milk chilling may have longer-term potential for electrification but would require 

significant support to develop. Butter churning is a popular processing step for dairy consumed in 

rural communities and milk chilling has significant potential to transform the dairy value chain in rural 

communities if connected to a cold chain. These activities are discussed further below. 

Other activities prevalent in rural communities are 

not immediately suitable for electrification with 

minigrids. Fermenting milk requires no energy input. 

As such, fermenting is not an energy end-use 

activity and so we do not explore the potential for 

electrification any further. Likewise, consumers 

make cheese for household consumption and are 

not likely to pay for this product. Cheese is cooked 

by heating milk using a fuel- or wood-powered 

cookstove. Since consumers do not make cheese 

for sale, there is no evidence that cheese revenues 

can offset the upfront and maintenance costs 

associated with electric cook-plates or dedicated 

cheese-making equipment.  

One hundred percent of dairy producers we 

surveyed manually milk their cows. Rural dairy 

producers manually milk animals because it is free 

and generally effective. There is no evidence to 

suggest that rural dairy producers are willing or able 

to pay for electric dairy milking. Milking, cheese-

making, and fermenting are not covered further 

because they show little potential for electrification 

in rural communities and are primarily carried out 

manually.  

Pasteurization is an uncommon processing activity in rural communities. We found no pasteurization 

in any of the dairy-producing communities we surveyed across Amhara, Oromia, and SNNPR. Due 

to equipment costs and energy requirements, pasteurization is concentrated in urban communities 

and takes place in production at large industrial scale.167 As discussed above, rural dairy producers 

sell or ferment their fresh milk to avoid spoilage. As a result, the rural demand for pasteurization is 

limited. We do not consider pasteurization any further in this study. 

 

Habte Xagnawe with his hand crank butter churn 

machine in the Andabet woreda of the South 

Gonder zone, Amhara. Mr. Xagnawe is a dairy 

producer who milks his two cows every day 

throughout the year. Over the year he produces 

1,080 liters of milk, keeping 250 liters for 

household use. Mr. Xagnawe sells butter for 225 

ETB/kg. 
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A.6.2.1 Butter churning 

Butter churning is not suitable for short-term electrification in rural minigrid communities.  

Butter churning is not suitable for electrification with minigrids. Churning does not require energy in 

rural communities because dairy producers and consumers easily produce small volumes through 

manual mixing. Furthermore, most consumers in rural communities buy milk and make butter at home 

for household use instead of buying butter. As a result, the demand for butter among rural consumers 

is not big enough to justify investing in mechanical butter-churning equipment. Butter churning also 

does not take place across Ethiopia—processing is concentrated in high production areas, 

suggesting limited scaling potential.  

 

Manual butter churning is easy and can be carried out in only 31 minutes. Electrified churning would 

introduce electricity and maintenance costs which cannot currently be recovered through higher 

revenues.168 Butter churning is predominantly done at the household level for personal consumption 
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and those few consumers who do purchase butter have an easy substitute by making their own. In 

addition, processors do not have experience or expertise operating dedicated businesses for butter 

churning, so they may require training to build sales as well as to maintain and operate electric 

equipment.    

Despite the popularity of butter in rural communities, there is limited evidence that rural demand for 

butter is high enough to make electrified butter churning viable. Ability to pay for churned butter has 

not been proven and consumers may not be willing to pay for a service they can perform at home for 

free. Trade channels to sell to new markets do not exist and would require developing new supply 

chains—identifying transport and storage—which is unlikely to happen without considerable effort 

and without identifying an attractive market that could make this investment worthwhile. 

A.6.2.2 Milk chilling 

Milk chilling is not suitable for short-term electrification in rural minigrid communities.  

Milk chilling is not suitable for electrification with minigrids. 

Demand for fresh milk is low in rural communities because 

most consumers do not consume fresh milk and therefore 

will not pay processors to refrigerate milk. Electric milk-

chilling equipment is available in Ethiopia. But milk chilling is 

not prevalent across Ethiopia—chilling is concentrated in 

urban areas particularly because it requires electricity. 

Milk chilling can reduce milk production losses by up to 8%. 

A 2019 study of milk chilling methods for milk delivered to 

Zagol Milk Factory (an hour north of Addis Ababa) found 

that refrigerating milk in community collection centers was 

viable. xcvi  Milk chilling enabled producers to carry out a 

second daily milking on evenings and significantly boost 

production volumes—refrigeration reduced the rejected 

portion of evening milking yields from 96% to under 20%.169 

On-farm cooling also significantly improved losses when 

producers stored milk in metal cylinders rather than plastic 

 
xcvi Researchers evaluated three milk cooling scenarios from producers to community collection centers before delivery to 

Zagol Milk Factory: 1) no cooling at the farm or collection center, 2) small-scale on-farm cooling units, and 3) cold storage 

units at collection centers. For the on-farm cooling scenario, researchers also varied the type of on-farm chiller used and 

the frequency of milk deliveries from producers. On-farm electric refrigerators with 10–20 liter capacities were either 

 

Buzayo Tariku Leka showing her electric 

chiller in the Dasenech woreda of the South 

Omo zone, SNNPR. Ms. Leka buys fresh 

cow milk, then sells chilled milk for 30 ETB 

per liter. She usually sells milk to five 

customers every day and earns 750 ETB 

weekly. Typically, she sells 57% of the milk 

she buys and keeps 15% for household 

use—10% of the milk usually spoils before 

sale or consumption. Ms. Leka operates 

her business throughout the year. 
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containers.xcvii However, without investing in a cold chain, these opportunities only exist for production 

areas close to processing plants and would not be viable for remote rural communities.  

Milk chilling in rural communities would require a considerable development effort. The study 

described above was a significant effort funded and managed by Zagol Milk Factory. The Zagol 

Factory paid for all infrastructure, purchased all the milk from collection centers, and arranged 

transportation to transport milk from collection centers to its factory.170 Producers also required 

awareness raising and capacity building to ensure sufficient milk aggregation and production quality 

and yields.171 Milk chilling in collection centers was just one aspect of a holistic effort that addressed 

production, collection, preservation, transportation, and market linkages. These requirements require 

considerable efforts that are beyond the scope of the independent actions of minigrid developers and 

smallholder producers but may be suitable for niche opportunities if the right actors and conditions 

were identified.  

In some situations, solar technologies are also not fully compatible with the timing of milk chilling 

loads. As discussed in the study above, milk cooling technologies are most critical for overnight 

operation to preserve evening milk yields for collection the following day. This does not coincide with 

the cheaper sources of power from solar generation. Nonetheless, solar-powered refrigerators could 

enable consumers in rural communities to increase the shelf-life of their milk and other perishable 

items during the daytime hours.   

Milk chilling is not viable in minigrid communities in the short term. Electrifying milk cooling in rural 

settings will only become viable after introducing an off-taker that can train—and coordinate milk 

intake from—disparate smallholder producers, as well as manage milk storage and transport to 

consumers in urban centers. Even if rural communities invest in local milk cooling, the lack of a cold 

chain still presents a barrier to accessing urban consumer markets. None of these solutions will be 

addressed by facilitating access to electricity or electric equipment in minigrid communities. These 

solutions therefore require significant support and are unlikely to be replicated at scale across most 

minigrid-suitable communities in the short-term.  

 
powered by solar panel systems or biogas digestors, while community collection refrigerators were electric 1000-liter 

capacity chilling systems. To accommodate producer unwillingness in making evening milk deliveries, researchers hired 

delivery-people to transport milk to collection centers with scooters. 
xcvii A full 96% of milk collected during evening milking without overnight refrigeration and delivered to the collection center 

at eight o’clock the next morning was rejected. This rejection rate decreased to 21% with on-farm overnight refrigeration 

using plastic containers, 0% with on-farm overnight refrigeration using metal containers, and 6% with collection center 

overnight refrigeration. Metal cylinders are better conductors of heat than plastic containers, which would allow them to 

require less of a temperature difference in refrigerators to cool milk—this makes them more efficient for milk cooling. 
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     Economic Modeling Assumptions 

This appendix explains in more detail the methodology and assumptions used in assessing the 

economic viability of the Tier 1 activities. Detailed cash flow analysis and sensitivity analyses results 

are also included. 

B.1 Methodology for economic analysis 

B.1.1 Selecting processing activities and equipment 

We select processing activities that are identified as Tier 1— maize flour milling and wheat flour 

milling (see Section 3). Because most processors we surveyed perform milling on multiple grains 

including maize, wheat, barley, teff, and others (e.g., sorghum), we combine these activities as 

grain flour milling and analyze the economics of such processing business.xcviii From the survey we 

also learn that grain flour milling is already a mechanized activity using diesel-powered machines in 

surveyed regions, and that a fee-for-service (FFS) modality is common across Ethiopia. Therefore, 

we model introducing an electric mill while operating the processing business to match the status 

quo. 

Although existing diesel-powered mills are relatively large in capacity (20 HP is the most common 

size), our study aims to test minigrid-compatible electric equipment that could meet processors’ 

needs. So instead of modeling electric motors that are of a similar size to the diesel ones, we size 

the equipment based on processing demand (i.e., throughput that meets daily processing volume) 

and compatibility with minigrid (e.g., power rating, inrush current). We defined these specifications 

in consultation with equipment suppliers and experts. 

B.1.2 Analytical tools and assumptions 

The economic viability analysis consists of a cash flow model that examines the revenue and cost 

that a processor can expect by investing in an electric mill. The model also calculates the net 

present value (NPV) and discounted (and simple) payback period of the investment. We include the 

following cost categories in the analysis: capital cost of equipment (capex), financing cost, energy 

cost, maintenance cost, and facilitator fee. On the revenue side, revenue comes from the FFS 

charge.xcix 

We base many of the model inputs on survey results, including daily processing volume, FFS 

charge, and maintenance cost. We use the median value of all responses from grain milling 

processors to capture the central tendency of the data, except for the daily processing volume. 

Instead for daily processing volume we adopt the 25th percentile to be extra conservative, given the 

wide range of processing volumes observed. We cross reference these inputs with our literature 

review and test assumptions with field experts when possible.  

For input fields not included in the survey, such as debt interest rate, loan tenor, and electricity 

price, our assumptions are based on literature review, RMI’s previous research and analysis, and 

 
xcviii Thus, this analysis would also apply to barley milling and teff milling, which are identified as Tier 2. 
xcix The calculation in the cash flow model is in ETB, and the exchange rate used is US$1= ETB 40 (rate accessed in 

March 2021 on National Bank of Ethiopia data) 
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expert interviews. Exhibit 67 below summarizes key assumptions used in the analysis. Please note 

that these inputs are specific to the Ethiopian context, particularly to our surveyed regions. To 

replicate this analysis for different scenarios these assumptions must be revisited. 

Inputs Assumption Explanation/Data Source 

Energy data 

Minigrid electricity tariff ETB 13/kWh 

This reflects the tariff level in Rensys’ solar-

battery minigrid pilot in Ethiopia; sensitivity 

analysis of tariff is conducted. 

Electricity service 

reliability 
94% 

This is based on Koftu site visit data. The 

operator reported that the minigrid experiences 

breakdown about five times a week. We assume 

each breakdown lasts two hours on average. 

(5*2)/(24*7) = 94%. 

Diesel cost 

ETB 0.5/kg 

(ETB 250/day) 

Median value of fuel cost per kilogram of grain 

processed based on survey results. 

Equipment data 

Equipment sale price ETB 101,400 

Quote from Amio Engineering (US$2,600). The 

price is also within the range from ESMAP 

productive use appliance study, price per unit 

output for smaller mills (e.g., less than 500 

kg/hour throughput) is about ETB 800/kg for 

locally manufactured mill. 6 

Other upfront cost 
10% (of equipment 

price) 

It Includes other upfront costs such as the 

delivery of equipment and installation. 

Transportation cost is often by distance. At 

Afesol for example, it can cost up to ETB 3,500 

for 100 kilometers. 

Throughput 150 kg/hour 

The throughout is based on median hourly 

processing demand (calculated using survey 

results), with consultation with equipment 

suppliers and experts to confirm technical 

feasibility. 

Power capacity 3 kW 
From consultation with equipment suppliers and 

experts to confirm technical feasibility. 

Lifespan 15 years 
From consultation with equipment suppliers and 

experts. 

Service and maintenance 

cost 
ETB 10,800/year Median value based on survey results. 
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Service and maintenance 

cost saving  
0% 

Some suppliers mentioned while electric motor 

tends to be cheaper to repair (sometimes even 

five times cheaper), breakdowns can happen 

more frequently due to unreliable electricity 

supply. We assume service and maintenance 

cost for electric and diesel mills remains the 

same to be conservative. 

Processor data 

Daily processing volume 500 kg/day The 25th percentile based on survey results. 

FFS charge ETB 1/kg Median value based on survey results. 

Equipment usage 
Between 8 a.m. and 6 

p.m. 

Assumed usage profile of new electric 

equipment—hours of operation and equipment 

capacity level will remain the same as reported in 

survey. 

Non-energy cost ETB 94/day 

Median value, which includes labor cost, 

transportation cost, and others as reported by 

processors in the survey. 

Financing data 

Down payment 

requirement 

20% (of equipment 

price) 

Based on literature review and expert 

interviews.c In the baseline analysis, we assume 

down payment is contributed by the processors. 

We also tested the scenario in which down 

payment is contributed by a grant, which has 

very similar results (see Section 4.1.1) 

Grant support 0%  

We model the unsubsidized scenario in the 

baseline analysis. We later tested how a grant 

can support early adoption of electric mill (see 

Section 4.1.1). 

Debt/lease interest rate 20% (annual) 
Based on interviews with microfinance 

institutions (MFIs). 

Loan tenor 3 years 

Based on interviews with MFIs and CGFCs. A 

three-year tenor is the longest MFIs would offer 

to businesses. 

Installment Quarterly Based on interviews with MFIs and CGFCs. 

Cost of equity 23% (annual) 

We use the profit margin of existing diesel 

processing business as the minimum desired 

return for equity. 

 
c For example, AgroBig's maize thresher pilot requires a 15% contribution from processors, and Oromia Capital Goods 

Finance Company requires a 20% down payment for equipment hire-purchase. 
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Facilitator fee 20% (of loan amount) 

Currently facilitators are supported by donor 

grants and will continue as such in the early 

stages of productive use projects. Eventually it 

will be rolled off. 

Weighted average cost of 

capital (WACC)  
21% 

Calculated with debt interest rate, cost of equity, 

and debt ratio. The WACC is used as the 

discount rate in the NPV calculation. 

Others 

Seasonality Not seasonal 
The majority (>70%) of respondents reported 

grain flour processing as not seasonal. 

Tax rate 15% 

This is a rough average number according to the 

tax rate ladder in Income Tax Proclamation No. 

979/2016, considering the annual income level of 

grain processors. 

Exhibit 67: Overarching Assumptions 

B.1.3 Sensitivity analysis approach 

To examine which variables, if changed, would most impact the economics of the electric 

equipment investment and how significant the impact would be, we conduct sensitivity analysis for 

key variables. To isolate the impact of each specific variable, other model inputs remain fixed in the 

analysis. The following is a summary of the variables and the range tested. 

Sensitivity Variables Range of Change Description 

Energy data 

Minigrid electricity tariff 
-50%, +100% This is to test how a minigrid tariff will impact the 

economics of the investment. 

Electricity service 

reliability 

-30%, +6% This is to understand how the reliability of 

electricity supply affects the economics of the 

business. 

Equipment data 

Equipment capex -50%, +50% 
This is to test how changes in equipment capex 

impact the economics of the investment. 

Lifespan -5 years, +5 years 
This is to test how equipment lifespan impacts 

the economics of the investment. 

Processor data 

Daily processing volume -50%, +50% This shows how the economics of the equipment 

investment are affected if production drops due 



156 

 

to poor harvest, weather, or other crop-related 

issues, or if production grows due to business 

expansion. 

FFS charge -50%, +50% 
This is to test the FFS charge needed to make 

the business profitable. 

Financing data 

Grant support 0 grant, 50% grant This is to test the impact of a grant/subsidy. 

Debt interest rate -50%, +50% 

This is to test the impact of cost of capital on 

returns and the cost of debt that processors can 

afford 

Exhibit 68: Summary of Sensitivity Variables 

B.2 Economic Viability Analysis: Fee-for-Service Grain Flour Milling 

Across the communities we surveyed in Amhara, Oromia, and SNNPR, the most prevalent 

processing of grains (including maize, wheat, barley, teff, and sorghum) is grain flour milling. The 

activity happens all year-round, and customers prefer to bring crops to a processing center and pay 

a fee for the milling service.  

Grain flour milling is already mechanized in rural communities. Processors we surveyed use 

oversized diesel-powered mills. Electric mills are available in the Ethiopian appliance market, both 

imported and manufactured locally by domestic suppliers172 .When selecting the electric equipment 

to model, instead of trying to match the size of existing mills, we model “right-sized” equipment that 

can meet local processing needs without having to extend operation hours. Exhibit 69 shows a 

selected list of available electric grain mills in Ethiopia (as reported by survey or equipment 

suppliers). We consulted with equipment suppliers and technical experts and confirmed that the 3 

kW mill with 150 kg/hour throughput that we model can be found or customized in market. 

 
Power 

Source 

Manufac

turer 

Imported 

(Yes/No) 
Capacity Throughput Efficiency 

Existing mill (from 

survey) 
Diesel 

Chinese 

brand 
Yes 20 kW Unknown Unknown 

Horizontal flour mill Diesel Amio Yes 
15–18 

kW 
5 ton/day Unknown 

Grain mill 1 Electric Amio No 16 kW 900 kg/hour 99% 

Grain mill 2 Electric Marast No 3 kW 200 kg/hour 85% 

Grain mill 3 Electric DYD Yes 11 kW 300 kg/hour Unknown 
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Grain mill 4 Electric Tsion No 11 kW 2,000 kg/hour 85% 

Mill quoted for pilot Electric Amio No 3 kW <200 kg/hour Unknown 

Exhibit 69: Available Mills in Ethiopia8 

Our analysis finds that there is a compelling economic case for processors to invest in electric 

multi-grain mills. With electric mills, processors can recoup the investment within three years, and 

generate a positive NPV of ETB 166,000 over the 15-year lifespan of the equipment. Compared 

with processors using diesel-powered mills, processors save ETB 31,200 annually in energy cost 

alone, and the profit margin is improved by 105%. 

Assumptions: 

ETB 115,000 upfront cost 

3 kW, 150 kg/hour electric mill 

500 kg/day processing volume 

ETB 1/kg service charge 

5-year NPV 15-year NPV 
Discounted 

payback 

5-year 

equity IRR 

5-year saving 

potentialci 

ETB 74,600 

US$1,865 

ETB 166,000 

US$4,150 

2.4 Years 66% 

ETB 95,000 

US$2,375 

Exhibit 70: Economic Viability of Grain Flour Milling 

Under reasonable assumptions (see Exhibit 67 above), a discounted cash flow analysis of the grain 

flour milling business shows that processors can generate strong profits and recoup investment in 

about three years (see Exhibit 71). In our analysis, we choose the processing volume 

corresponding to the 25th percentile to be conservative. At this processing volume, investment in 

electric equipment is economically viable. The equipment utilization is only at 31% and can 

technically process more grains if there is demand.cii  

 
ci Compared with the same processing scale but using a diesel-powered mill. 
cii Calculated based on a 10-hour per day operation, with the maximum processing volume being 10 hours * 150 kg/hour. 
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Exhibit 71: Discounted Cash Flows of Electric Equipment Investment in FFS Grain Flour Milling 

The economic viability of an electric grain flour mill depends on a number of variables. In the 

sensitivity analysis, we find that the processing volume, the FFS charge, electricity price, and 

reliability of electricity supply most significantly affect the financial results (see Exhibit 72). 

 

Exhibit 72: Processing Volume, Electricity Price and Reliability, and FFS Charge Have the Largest Impact on 
Expected Returns for Fee-for-Service Grain Flour Miller 

 ETB (150,000)

 ETB (100,000)

 ETB (50,000)

 ETB -

 ETB 50,000

 ETB 100,000

 ETB 150,000

 ETB 200,000

Y0 Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y15

CAPEX Revenue Operating Cost Cumulative cash flow

65 ton/year

ETB 26/kWh

ETB 156,000

10 years

ETB 0.5/kg

30% interest rate

0 grant

65% reliability

195 ton/year

ETB 7/kWh

ETB 52,000

20 years

ETB 1.5/kg

10% interest rate

50% grant

100% reliability

(ETB 200,000) (ETB 100,000) ETB 0 ETB 100,000 ETB 200,000 ETB 300,000 ETB 400,000 ETB 500,000

Production Volume -50%; +50%

Electricity Price -50%; +50%

Capex -50%; +50%

Lifespan -5; +5 years

FFS Charge -50%; +50%

Interest Rate -50%; +50%

Grant Ratio -100%; +200%

Electricity Reliability

Current Equipment Lifetime NPV
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Processing volume is one of the most volatile variables because crop production cannot be 

guaranteed and is dependent on exogenous variables such as rain and locusts. We assess the 

grain volume the miller requires to break even (where NPV equals zero) and find that the volume is 

feasible in communities where grains are the main crops for cultivation. This means that it is 

reasonable to assume that processors will have access to sufficient grains to make an electric mill a 

viable investment on most years.  

Exhibit 73 shows that the break-even volume of grain (maize as an example) is about 91 tons per 

year. This amount roughly equals the harvest of 29 smallholder farmers in Amhara regions.ciii Survey 

results show that the median number of maize farmers in maize farming communities in Amhara is 

120. In addition, almost all communities have other grains such as wheat, barley, and teff that can 

also be processed by the electric mill, representing additional milling demand. Therefore, it is highly 

feasible for a miller to process enough grains to sustain a profitable business. 

However, the exact number of processors that a community can sustain will vary significantly by 

location as we observed a wide range in number of farmers and their grain production levels in 

surveyed communities. For instance, in Oromia, a median maize farming community produces 

about 317 tons of maize per year. In SNNPR, while both farming one hectare of maize, one farmer 

reported 3 tons of annual harvest while the other reported 2 tons. 

 

Exhibit 73: FFS Grain Flour Millers Can Break Even Processing Relatively Low Volume (Maize as Example) 

With above analyses, we conclude that grain flour milling has high potential for electrification. In 

communities where there is sufficient processing demand, affordable and reliable electricity supply, 

and some financial support for early adopters, investment in electric mills can yield attractive 

economic returns for processors within a reasonable payback period. 

 
ciii According to our survey, the average harvest of maize in Amhara is about 3.7 tons per hectare per year, and farmers 

farm 0.85 hectares of maize on average. 

(ETB 200,000)

(ETB 100,000)

ETB 0 

ETB 100,000 

ETB 200,000 

ETB 300,000 

ETB 400,000 

ETB 500,000 

- 50 100 150 200 250 

N
P

V

Processing Volume (ton/year, maize as example)

Break-Even NPV 

Volume

(91 ton/year)

Modeled Volume

(130 ton/year)

25th 
percentile of
surveyed 
processors

Equal to harvest
from 29 typical 
maize farmers in
Amhara

Median Amhara

Community Total 

Maize Harvest
(377 ton/year)

NPV
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B.3 Minigrid Economic Analysis 

B.3.1 Establish community archetype and load profile 

We reference the load data from the Koftu minigrid site shared by the EEU to construct the annual 

baseline load for the baseline community. A 24-hour grain mill load profile is developed using 

processor survey responses (reported time of operation, equipment running capacity, etc.). We 

consider processing seasonality and days of operation to estimate different demand scenarios for 

productive loads. We run a HOMER simulation with the baseline load profile to size the minigrid 

system (the base scenario) and then run another HOMER simulation with load profiles of the other 

demand scenarios to make sure the same system configuration can support additional productive 

loads. 

B.3.2 Key inputs and assumptions 

We keep many of the default values in the HOMER modeling, including maximum annual capacity 

shortage of 0%, and 10% load plus 80% solar output required as the system operating reserve 

requirement. 

We assume a single tariff is applied to all loads in the community, and that existing electricity 

consumption will not change with the introduction of productive loads. Key cost inputs and 

assumptions used in the minigrid economic analysis are summarized below. 

 Model Input/Assumption Explanation/Data Source 

Minigrid Hardware Costs 

Solar CAPEX US$588/kW Includes pane and mounting structure, from minigrid 

in Ethiopia. 

Battery CAPEX US$117/kWh Includes battery, rack, and housing, from minigrid in 

Ethiopia. 

Diesel CAPEX US$800/kW Includes diesel genset and housing, from cost 

benchmark in Electrifying Economies Initiative.173 

Converter/Inverter US$143/kW Cost data from minigrid in Ethiopia. 

Distribution 

CAPEX 

US$6,449/km Cost data from minigrid in Ethiopia. 

Metering CAPEX US$48/meter Cost data from minigrid in Ethiopia. 

Grant support 100% for minigrid 

hardware cost and 

project development cost 

(excluding distribution) 

In this nascent stage of the minigrid market in Ethiopia 

existing minigrids rely heavily on grant support. For 

EEU sites, generation assets are covered by grant or 

concessional loans, while EEU self-finances 

distribution cost. Rensys’ pilot relied on 100% grant 
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funding for CAPEX. We mirror the grant support in our 

analysis here to reflect current practices. 

Project Development Cost 

Project design US$10,500/project Includes engineering, financial modeling, and system 

integration, from cost benchmark in Electrifying 

Economies Initiative. 

Project 

preparation 

US$9,537/project Includes community engagement, site preparation, 

and other support (e.g., legal), from cost benchmark 

in Electrifying Economies Initiative. 

Ongoing Cost 

Fuel US$0.6/L (ETB 24/L) Median from survey reported diesel cost. 

Site O&M US$10,500/year From an expert interview, EEU’s operating cost at the 

Koftu minigrid site (so far not running diesel) is about 

US$9,500/year, and operating cost of another 

minigrid system (no diesel genset) is about 

US$12,000/year. We used the average number here. 

Financing Assumptions 

Debt interest rate 10% According to the recent average loan interest rate at 

the Commercial Bank of Ethiopia (9.8%).174 

Cost of Equity 15% We assume minigrid developers’ targeted return rate 

is 15%. 

WACC 11% Calculated with debt interest rate, cost of equity, and 

debt ratio. The WACC is used as the discount rate in 

minigrid project NPV calculation. 

Project timeline 20 years Typical lifetime of a minigrid project. 

Exhibit 74: Key Inputs and Assumptions Used in Minigrid Economics Analysis 

B.3.3 Inrush current calculation 

We use equipment specification collected from suppliers to calculate the inrush current of a 3 kW, 

220V three-phase grain mill. We assume start-up current is four times the normal running current of 

the motor,civ the motor efficiency is 90% as reported by equipment manufacturers, and a 0.86 

power factor, which is common for induction motors with full load. The inrush current of the grain 

mill is calculated: 

 
civ For an electric motor, the start-up current can be 4–10 times greater than the normal running current, and a soft starter 

can often reduce that by half, so we choose to model 4 times as the middle ground. 
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3 𝑘𝑊 ÷ 90% ÷ 0.86 ÷ 220𝑉 ÷ 3 (𝑡ℎ𝑟𝑒𝑒 − 𝑝ℎ𝑎𝑠𝑒) ∗ 1,000 ∗ 4 𝑡𝑖𝑚𝑒𝑠 = 23 𝐴𝑚𝑝𝑠 

With the system inverter size of 16 kW as the HOMER result shows, the maximum single line 

current is calculated to be: 

16 𝑘𝑊 ÷ 220𝑉 ÷ 3 (𝑡ℎ𝑟𝑒𝑒 − 𝑝ℎ𝑎𝑠𝑒) ÷ 0.86 (𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟) × 1,000 = 28 𝐴𝑚𝑝𝑠 

Hence, the inverter can manage the start-up current from one modeled mill, and with the help of 

soft starters, a second mill should be able to be connected to the system without causing upsurge 

issues. Minigrid developers could also consider larger inverters in sites with significant productive 

loads to allow for higher current. The analysis here only provides directionally correct insights based 

on reported data. Site-specific analysis and field-testing are still needed. Minigrid developers should 

carefully test assumptions used here to assess their relevance to the conditions found in their 

specific site.  
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     Alternative Business Model 

The cooperative-led business model is an alternative to the fee-for-service model and the utility-led 

model, where agriculture cooperative unions (the cooperative) own and operate the processing 

business.  

In the cooperative-led business model, the cooperative acts as an off-taker, owns and operates the 

processing business, and sells to bigger markets. The cooperative brings agriculture sector 

expertise, member networks, and market linkages to develop the processing business. A facilitator 

supports the cooperative in developing a business plan, selecting equipment, and capacity building 

as necessary. The cooperative can mobilize funding through selling shares of the processing 

business to members, who will later receive dividends from the business. Other actors involved in 

the cooperative-led business model (the equipment supplier, the electricity provider, and the 

financial institutions) perform similar tasks to those included in the fee-for-service model. 

There is precedent for this business model in Ethiopia. For example, the Raya Wakena Farmers’ 

Cooperative Union in Oromia region developed a wheat flour processing facility. With support from 

Self Help Africa and Agriterra, the cooperative developed a business plan and mobilized capital by 

selling shares of the processing business, obtaining a bank loan, and accessing its own equity.175 

The Union buys wheat grain from its members, mills it into flour, sells the flour for a premium, and 

distributes dividends to its shareholders. The cooperative guarantees an off-taker market for its 

member smallholder farmers and generates profits for shareholders. The processing business 

faced working capital limitations; therefore future applications of this model may need access to 

more flexible sources of financing. 

Despite this example, most agriculture cooperatives in Ethiopia focus on supporting farmers with 

access to inputs and extension services and lack the administrative capacity that implementing this 

model will require. In addition, the financiers (MFIs, CGFCs) we interviewed prefer working with 

individuals and small enterprises to cooperatives. As such, the cooperative-led business model may 

have limited scalability and may only be suitable in niche situations where the conditions are just 

right—surplus grain production, prevalence of a cooperative with the required expertise 

experience, and market linkages.  



164 

 

 

Exhibit 75: Institutional Arrangement for the Cooperative Model  
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    Detailed Design of Preliminary National Productive Use Program 

This appendix presents a more detailed description of the eight projects constituting the preliminary 

design of the National Productive Use Program. These projects are categorized into the three 

building blocks summarized in Section 6.2. This project design will be ground-tested, refined, and 

finalized during the next phase of the project described in Section 7. 

D.1 Align and Connect Cross-Sectoral Actors 

Create and Strengthen Sector Alignment and Coordination for Productive Use 

Context—The lack of collaboration and understanding of ongoing efforts, priorities, and 

challenges across energy, agriculture, and finance sectors restricts adoption of productive uses. 

The design sessions and dissemination seminars (see Section 7) will be the first step for 

establishing sector alignment, but these efforts need to be continued and home-grown to enable 

long term cross-sector coordination, and foster knowledge-sharing to integrate efforts in 

productive use.  

Target insights—The objective of the project is to facilitate dialogue among stakeholders in 

energy, agriculture, and finance sectors to identify and mobilize cross-sectoral opportunities to 

implement productive use. Bringing together stakeholders that rarely coordinate will build 

awareness and a shared knowledge base of productive use opportunities. The project will offer 

stakeholders a platform for information exchange, to listen and learn from each other’s’ 

experience, and to identify productive use interventions that reinforce each other’s’ efforts. This 

sector alignment and coordination is essential to test the right things and establish an enabling 

ecosystem for productive use. The workshops will also enable sharing and learning from the 

results of the projects implemented through the National Productive Use program and support 

replication.  

Project description—The project will support developing a Productive Use Committee, a cross-

sectoral committee that supports the design, implementation, promotion, and dissemination of 

productive use projects and initiatives. The Productive Use Committee will be responsible for 

overseeing national-level strategy to support productive uses and the implementation of the 

Program. The Productive Use Committee will be comprised of a set of core members 

representing the key sectors. Participants in workshops can be expanded to include additional 

actors beyond the core members, to meet the needs in experience and skills required for 

achieving the specified outcomes of a workshop.  

The first step will be establishing a committee charter defining member roles and responsibilities, 

frequency of meetings, and reporting and communication plans. The Productive Use Committee 

will then define the planning for the year in support of the Program, defining outcomes, themes, 

and topics, and selecting working groups that provide the skills and experience needed to 
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address the specific theme. The Productive Use Committee (or a smaller team delegated to do 

so) will then plan the workshops.  

These workshops will be designed to achieve specified outcomes. Different working groups will 

be assembled around targeted productive use themes (initial topics could emerge from the 

design sessions) involving actors across sectors and functions (e.g., leadership, technical staff). 

For example, one of the workshops can focus on identifying ongoing agriculture sector projects 

with energy needs and determining the opportunity for productive use. As the implementation of 

the Program advances, updates and revisions will also become necessary and one of the 

workshops can focus on revising the pipeline of projects to address new challenges and 

opportunities. 

Project Team—A trusted organization that understands the Ethiopian context will first lead the 

effort to present the initiative to and get buy-in from top leadership of core member organizations 

in energy, agriculture, and finance sectors. The organization can then help identify participants 

that will form the productive use committee. The Productive Use Committee would include 

representatives of MOWIE, the Ministry of Agriculture, ATA, the Ministry of Economic Planning, 

and the Ministry of Finance. Then, based on the planning for the year, the Productive Use 

Committee will select working groups. Examples of working groups and themes could include: 

• National-level Policymaker Group: to identify and address regulations and policy gaps 

and align national-level strategies and programs to implement productive use 

projects. 

• Agency Technical Staff and Community Group: to share project experience and 

identify opportunities within ongoing projects to include productive use components. 

For example, EEU can overlay the Least Cost Electrification Plan with the ATA 

agriculture survey to identify potential sites for minigrid-powered productive use 

projects. The Ministry of Agriculture could identify energy needs within ongoing 

projects in the agriculture space, and the cohort can brainstorm how to develop 

projects to address those energy needs. These discussions can bring in community-

level stakeholders to connect these projects to local user and regional needs and 

priorities.  

Timeline—The project will start in Year 0 and continue throughout the timeline of the Program. 

The preparation and development stage of the project will occur in the first six months. This 

stage will include the following activities: 

• Activity 1. Establish the Productive Use Committee 

o Activity 1a. Introduce initiative. Present initiative to and get buy-in from top 

leadership in core member organizations. 

o Activity 1b. Define participants. Define specific participants within core member 

organizations that will form part of the Productive Use Committee 

o Activity 1c. Agree on initiative. Develop and approve a committee charter defining 

roles, duties, and responsibilities of core members.  
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• Activity 2. Plan Cross-Sectoral Workshops.  

o Activity 2a. Define high-level programming. Determine the goals to achieve and 

themes to address and develop a workshop schedule and annual plan. Define the 

number of workshops to be held and their timing, and determine specific 

outcomes for each workshop. The workshops can be held on a quarterly or 

monthly basis depending on the need.   

o Activity 2b. Carry out detailed planning of individual workshops. In preparation for 

each workshop, carry out the detailed planning of the event, including designing 

the agenda, defining participants, and determining the timing needed to achieve 

the desired workshop outcomes.  

 

During the following six months of the year, the productive use committee will hold the cross-

sectoral workshops and carry out the planning for the next year.  

• Activity 3. Hold Cross-Sectoral Workshops. As specified under Activity 2, the cross-

sectoral workshops will be designed to achieve specified outcomes. 

Scaling strategy—Over the long term, the Productive Use Committee will oversee and develop 

opportunities to extend productive use from specific hubs (e.g., projects implemented in the 

Program) to the full country. In doing so, the Productive Use Committee will evaluate new 

concepts demonstrated—like the feasibility of pairing agricultural and electricity programming for 

more robust development outcomes. Then, the Productive Use Committee will engage other 

regional stakeholders to disseminate knowledge on and support replication of successful 

business models throughout the country. 

The pilot and demonstration projects implemented in the first few years of the Program will also 

reduce the risk (or risk perception) of potential investors in the productive use and electrification 

space. To maintain and continue scaling the successes achieved thus far, the Productive Use 

Committee will create promotional materials attracting investors to financing opportunities. 

Through support from development partners like the World Bank, GIZ, and the African 

Development Bank, the pilot demonstrations from the Program will be used to promote additional 

fundraising and investor education.  

Outputs: 

1. Educational materials to stimulate financing for commercial agricultural productive use 

projects. 

2. Dissemination and awareness-building activities to share the findings from the projects 

implemented in the Program. 

 

D.2 Demonstrate the Technical and Financial Viability of Equipment and Business 

Models 
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This section includes the following preliminary projects: 

• Electric Mill Prototyping Pilot 

• Fee-for-Service Demonstration Project 

• Utility-Led Demonstration Project 

• Cooperative-Led Demonstration Project 

Electric Mill Prototyping Pilot 

Context—Minigrids have limited power supply compared with the main grid, and their power supply 

is contingent on component sizing (e.g., inverter power rating, which will vary from system to 

system). Therefore, ensuring equipment compatibility with the power source is a harder challenge 

to address in isolated minigrid settings compared with areas served by the national grid.  

Target insights—The pilot will determine the performance requirements to ensure equipment 

compatibility with equipment operator and end-consumer preferences and minigrid systems.  

Project description—The pilot will debug and field-test prototype equipment in minigrid 

communities. Equipment testing and fine-tuning will occur in the supplier workshop and at minigrid 

sites that are representative of high grain production communities across Ethiopia. The team will 

aim to select sites based on representative values of community size, grain production volumes, 

mill processing capacity, and throughput gathered from the field survey (see Section 2) and the 

Data Pilot (see Section 7.2). This dual-stage testing approach will ensure that equipment 

performance is finetuned for ground realities. 

Planned activities will include: 

• Assessing equipment performance against specified international standards and modifying 

equipment design to ensure performance meets those standards (in the lab setting). 

• Installing equipment in minigrid sites and training processors on equipment use and data 

recording. 

• Assessing equipment performance against end-consumer and equipment operator needs 

and minigrid compatibility requirements. This step will include finetuning equipment design 

to those needs and requirements.  

• Providing servicing and maintenance of equipment to ensure proper operation for the 

duration of the pilot. 

The pilot will test equipment performance on: 

• Ability to produce products that meet end-consumer quality requirements (e.g., flour 

fineness, consistency, taste). 

• Capacity to meet the equipment operator’s needs like energy efficiency and production 

speed. 
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• Meeting minigrid compatibility requirements including limiting power quality impact (e.g., 

voltage variations) and preventing damage (e.g., burning meters, wires, and other 

components). 

 

Project Team: 

• The equipment supplier imports or manufactures the electric mill. The equipment supplier 

will test equipment performance against specified international standards and finetune 

equipment design to meet those standards. They will also help install equipment in sites, 

train the equipment operator to use the equipment, and test equipment performance on-

site. They will compare equipment performance against end-consumer and operator needs 

and finetune equipment to ensure compatibility with those needs, preferences, and minigrid 

requirements. The equipment supplier will also provide spare parts to local technicians for 

repairs and maintenance.  

• The local agriculture mechanization expert works closely with the equipment supplier and 

operators, providing technical expertise for equipment testing and data collection. This 

technical expert will advise in developing equipment specifications, translating equipment 

operator and end-consumer needs into equipment specifications that the equipment 

supplier will use to manufacture equipment or redesign imported equipment. The technical 

expert will lead the training for the equipment operator on using equipment and collecting 

data, and provide support in troubleshooting and debugging the equipment during field 

tests. They will also conduct periodic data collection to assess pilot results. 

• The minigrid operator (e.g., EEU) ensures the supply of reliable electricity. The electricity 

provider will support equipment connection to the minigrid by advising on the due process 

and any fees due. They will provide technical support for equipment connection to the 

minigrid, ensuring minigrid and operator safety. They will also provide the minigrid data 

required to assess the impact of connecting the equipment on minigrid performance. 

• The processors operate the electric mills. Individuals or groups selected as processors for 

the pilot will have basic business and finance literacy as well as a good track record of 

operating processing businesses. The processors will carry out data collection on daily 

business transactions like grain quantities milled as well as frequency of equipment 

maintenance and breakdowns. 

 

Timeline—The Prototyping Pilot will begin in Year 0 of the timeline of the National Productive Use 

Program and last for 1.5 years. Workshop equipment testing against international standards and 

field equipment testing will each last three months. Processors will then operate the equipment for 

a full year to ensure data collection covers a full cycle of grain production seasons and incorporate 

the potential impact of seasonality on equipment operation. 

Scaling strategy—The specifications of equipment compatible with end-consumer and operator 

needs and minigrid requirements will be shared with the Ethiopian Standard Agency (ESA), 

equipment suppliers, and equipment financing institutions. It will serve as a baseline for 

performance assessment of milling equipment on the market. The insights on operator and end-

consumer needs and minigrid requirements can serve as a starting point to categorize and 
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eventually standardize milling equipment performance to increase transparency for making 

equipment selection decisions. More immediately, the specifications of technically viable 

equipment will be used for equipment selection in the business model projects (see Fee-for-

Service, Utility-Led, and Cooperative-Led Demonstration Projects) 

 

Fee-for-Service Demonstration Project 

Context—The economic analysis presented in Section 4 indicates that fee-for-service electric 

milling is economically viable. But these results are based on reported data from field surveys and 

information gathered from our literature review. Fee-for-service electric grain milling in rural 

communities has not been ground-tested and proven commercially viable. Evidence showing that 

project revenues are high enough to cover expenses of the business model and pay back loans 

is necessary to attract adopters.  

Target insights—The goal of the pilot is to test whether the electric fee-for-service milling 

business model is economically viable and assess the impact on minigrid economic and 

operational performance. The project also aims to reveal the conditions and characteristics 

wherein this model is viable, to guide replication in suitable rural communities in Ethiopia.  

Project description— Electric mills will be introduced to replace diesel-powered mills, or as a new 

business opportunity for willing entrepreneurs. Processors will run the processing business on a 

fee-for-service basis with support from the facilitator providing capacity building and linkages to 

financing (see Designing and Piloting Financial Solutions). The project will also gather information 

from the diesel-operated mills as a baseline to compare the performance of the electric mills.  

The project will collect measured data of processor revenues, operating costs, processing 

volumes, time-of-use of equipment, capacity utilization, and efficiency, while documenting any 

technical and managerial challenges processors encounter. Analyzing this data will reveal the 

viability of the electric milling business compared with diesel-run alternatives, and more 

importantly, the drivers (such as processing volume and electricity cost) and enabling conditions 

(such as reliable electricity supply and business management capacity) for business success.  

In this way, even if this pilot fails to prove the commercial viability of the electric milling 

businesses, it will increase and deepen understanding on key success factors. For example, if 

processing volume is the main driver determining profitability and these levels were too low in the 

selected communities, future projects would prioritize selecting communities with more 

processing demand or re-designing equipment for smaller-scale operations.   

The team will select sites with prevalent demand for grain milling and electricity access. For 

example, the Kogo Ashebeka kebele in the Arsi region of Oromia could be an attractive site for 

the pilot. Kogo Ashebeka has over 200 wheat farmers, over 200 barley farmers, and other 

farmers growing maize, peas, and other crops. This 2,000-household agrarian community is 

home to four millers providing processing services to local households. The kebele does not have 
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access to electricity yet, but it is targeted for minigrid electrification in the National Electrification 

Plan. The team will coordinate site selection with the EEU. 

Project Team: 

• The processors own the electric mills and are responsible for operating the processing 

business. Individuals or groups selected must have basic business and finance literacy, 

and preferably a track record of operating successful milling businesses. The candidates 

must be committed to support project success by participating in trainings, monitoring 

and reporting data diligently, and contributing to a portion of the equipment cost (e.g., 

20%). Existing processors with diesel mills in the community who are interested in 

testing electric mills are well positioned to fulfil the processor role as they are already 

familiar with the business model and serving customer needs.  

 

Sasakawa Africa Association and AgroBIG have experience organizing women and 

youth groups who graduated to equipment ownership and operate successful agro-

processing businesses (see Box 5-1). Such women and youth groups could be 

candidates for the processor role. 

• The facilitator works with the processors, providing capacity building and connecting 

them to financing. The facilitator will have experience supporting rural agriculture 

mechanization—introducing technologies, providing capacity building around business 

development and equipment operation, and facilitating access to financing. Most 

importantly, the facilitator needs to have relationships with and trust from local 

community members.  

 

Sasakawa Africa Association may be an attractive candidate to fulfill the facilitator role, 

given its experience developing post-harvest agro-processing projects, including grain 

milling across different regions in Ethiopia. In previous projects, Sasakawa collaborated 

closely with local agriculture bureaus and support offices, delivered equipment to rural 

communities, organized trainings for women groups on equipment operation and 

business management, and trained local technicians to properly maintain equipment. 

This substantial experience would be relevant for the project. 

• The electricity provider ensures the supply of reliable electricity. The electricity provider 

will be a minigrid developer with experience serving productive use loads and proven 

willingness to test productive use business models. The electricity provider will advise on 

equipment specifications suitable for minigrid system configurations, will support 

assembling and calibrating the sensors and meters, and will train the facilitators on how 

to connect the sensors to the mills to ensure accurate data collection. Rensys 

Engineering, for example, provided lease-to-own cooling appliances to local fishermen in 

the Dek Island minigrid pilot and is assessing and developing projects exploring 

productive use opportunities in other minigrid sites.  

• Donors channel funding through local MFIs to finance equipment purchase. In this proof-

of-concept project, donor support is necessary. The Designing and Piloting Financial 

Solutions project will be executed in parallel and will focus on designing financial 

solutions that meet processor needs and mitigate financier perceived risks. That 
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financing will be channeled through this and the other demonstration projects (see 

Utility-Led and Cooperative Demonstration projects). See Designing and Piloting 

Financial Solutions for a more detailed description on potential candidates to fulfill this 

role.  

• The equipment supplier coordinates with the processor and the facilitator to supply 

electric mills and provide repair services. This project will build on the findings of the 

Electric Milling Prototyping project, and those project results will guide the facilitator and 

supplier on the equipment specifications to use. The supplier will train equipment 

operators and local technicians and will provide spare parts for repairs. AMIO 

Engineering may be a suitable candidate to fulfill this role because it has experience 

prototyping equipment for small-scale agro-processing and in supporting after-sale 

services.  

 

Timeline—The pilot will start in Year 1 (after the electric equipment has been field tested) and 

end in Year 4.5. Although this project will subsidize a portion of equipment loans, capturing 

performance for the full duration of expected loan tenors will ensure the project can capture data 

to assess whether the processor is able to generate enough revenues to repay full equipment 

loans (without subsidies). As such, the duration was set to cover the development stage and the 

estimated payback period of around 2.4 years presented in Section 4.  

Scaling strategy—Results on the financial viability of the fee-for service business model will be 

shared to attract investor interest and replicate its application in other communities. Proof points 

on the business case of electric milling will reveal conditions of where and when the business 

model can be successful and guide the design of future initiatives. For example, the break-even 

processing volume can be used to shortlist geographies with sufficient processing demand in the 

roll-out of minigrids and grid extension under the National Electrification Plan 2.0. Additionally, the 

cost of service can inform tariff setting and the timing of cash flows can be used by finance 

providers to fine-tune repayment schedules. 

 

Utility-Led Demonstration Project 

Context—Most investments in rural electrification today are not accompanied by a surge in income 

-generating activity and most electricity providers find that electricity demand is too low to sustain 

a business case for electricity systems. Agriculture and electricity actors rarely coordinate to 

understand which agricultural activities to electrify (and where) to generate win-win opportunities 

for both sectors. Many electricity providers lack the content knowledge and financial resources 

required to support productive uses.  

Target insights—The goal of the pilot is to test whether the utility-led business model is feasible 

and economically viable, and to assess the impact on minigrid economic and operational 

performance. The project also aims to reveal the conditions and characteristics wherein this model 

is viable, to guide replication in suitable rural communities in Ethiopia. 
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Project description—The minigrid developer will develop an appliance financing program, 

providing mills to processors on a lease-to-own basis. The appliance financing program can offer 

other equipment if other studies identify viable opportunities. For example, Veritas and Rockefeller 

are exploring the viability of small-scale irrigation and cold storage for horticulture production. This 

project design is tailored to supply grain mills, but a similar design can be used for supplying other 

types of equipment.  

There is early precedence for the utility-led model in Ethiopia. For example, Ethio Resource Group 

(ERG), a minigrid developer in Ethiopia, is partnering with an associated equipment manufacturer 

to prototype a minigrid-compatible electric grain mill. If successful, they will work with local 

processors to replace existing diesel mills. The Utility-Led Demonstration Project will capture and 

build on the results of this early experiment.  

Project Team: 

• The minigrid developer develops and manages the appliance financing program. The 

developer (e.g., Rensys, ERG, EEU) will lead, with facilitator support, assessing the 

prevalence of milling demand in their site, understanding end-consumer and operator 

preferences, and collaborating with equipment suppliers to supply compatible mills to 

processors in their community. The minigrid developer will oversee connecting the mill to 

the minigrid, collecting lease payments from the processor and liaising with equipment 

suppliers to enforce warranty and maintenance terms of the lease. The minigrid developer 

will also oversee the monitoring and evaluation system to capture and share the results or 

the project.  

• The facilitator supports the minigrid developer in identifying productive use interventions 

and understanding processor needs. The facilitator will connect the minigrid developer to 

processors and where necessary, may advise the minigrid developer on end-consumer 

and operator preferences and the productive use opportunity on the site. The FFS 

demonstration project notes candidates for the facilitator role that may also be a good fit 

here.  

• Processors acquire equipment and operate milling businesses. The processor will contribute 

a portion of the equipment cost (e.g., 20%). The processors will fulfil the lease terms and be 

responsible for correct operation of the mill to ensure its safeguarding, reporting issues to 

the developer who will coordinate maintenance and enforce the warranty as needed. They 

will also record revenue and cost data for periodic collection by the minigrid developer. 

• The equipment supplier and local finance provider play similar roles to those specified in the 

FFS Demonstration Project.  

 

Timeline—The pilot will start in Year 1 (after the electric equipment has been field tested, and in 

parallel to the FFS and Cooperative-Led Demonstration Projects) and end in Year 4.5. This 

project will subsidize a portion of equipment loans. However, capturing performance for the full 

duration of expected loan tenors will ensure the pilot can capture data to assess whether the 

minigrid developer can recover loans made to the processor and recover the expenses of 

operating an appliance financing program. As such the duration of the pilot was set to cover the 

development stage and the estimated payback period of an electric mill of 2.4 years.  
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Scaling strategy— Results on the financial viability of the utility-led business model will be shared 

to attract investor interest and replicate its application in other communities, where suitable. The 

project will provide tools and templates documenting the process and agreements used to 

simplify the replication of the model.  

 

Cooperative-Led Demonstration Project 

Context—Agriculture cooperatives play a key role in helping smallholder farmers access farming 

inputs and extension services in Ethiopia. Cooperatives offer a way for members to pool 

resources and improve farming practices (e.g., purchase better seeds, access capacity building) 

and achieve better market conditions (e.g., gain more bargaining power). Some cooperatives 

already have experience providing processing services and market linkages to members.  

 

The Raya Wakena Farmers’ Cooperative Union in Oromia for example, established a wheat flour 

processing facility that buys raw crops from members and sells flour to bigger markets. Although 

most rural farmers mill their grains in small quantities immediately before consumption, there are 

offtake markets for maize and wheat flour in bigger communities close to major cities. 

Nonetheless, electric cooperative-led processing has not been proven viable yet, especially in 

rural unelectrified regions. 

Target insights—The project tests the financial viability of electric milling via the cooperative 

based model and determines the conditions where the cooperative-based model is appropriate. 

For example, the project will explore the minimum trade volumes and economic returns needed 

to cover the expenses and justify the efforts of this more complex model, including establishing a 

new business line, training cooperative members, and marketing products. 

Project description—The cooperative, with support from a facilitator, invests in electric mills to 

start a new business line, aggregates and offtakes grains from surplus communities, and sells 

flour to consumers in other regions. The project will target larger-scale processing than in the 

fee-for-service model and will require working with a cooperative with established trade channels 

and market linkages. 

The project will evaluate the economic viability and feasibility of the cooperative-led processing 

business. To do so the project will gather information on the purchase price of grain, sale price of 

flour, electricity consumption and cost, operating and administrative expenses, time of use of 

equipment, and equipment performance, along with procedures to establish the business and 

engage with different stakeholders involved.  

The project will target locations where local farmers have surplus grain production. For example, 

more than 90% of the 900+ households in Yedengora kebele grow maize, wheat, and teff. There 

are two grain millers in the kebele meeting local processing needs for subsistence, but more than 

half of the grains are traded to outside consumers. The local cooperative could invest in a 

processing center to offtake surplus production, process it into flour, and sell it to urban or peri-

urban consumers. The kebele is categorized as Grid Priority in the National Electrification Plan, 
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suggesting that there is infrastructure (e.g., roads) in place or planned that will allow grid 

extension, that would also facilitate access to broader markets. This model has the additional 

benefit of creating additional value for the community.  

Project Team 

• The cooperative identifies market opportunity and owns and operates the processing 

business. The cooperative is responsible for securing member buy-in and the financing 

needed for investment and working capital. The cooperative will source grains from local 

smallholder farmers at market competitive prices, process and sell flour, and distribute 

dividends to shareholding members. The cooperative should have a track record that 

indicates strong administrative capacity. 

• The facilitator supports the cooperative with technical assistance and capacity building. 

The facilitator will work with the cooperative to develop a business plan (including 

assessing offtake market potential), recommend equipment, build awareness among 

members, and facilitate market access. The facilitator will organize training covering 

business management, equipment operations and maintenance, data collection and 

reporting. A qualified facilitator must have experience working with cooperatives, a deep 

understanding of the sector, and the ability to connect cooperatives to markets and 

finance.  

 

Self Help Africa could be a potential candidate for this role. Self Help Africa has decades 

of experience in Ethiopia designing and implementing interventions to support agricultural 

development through cooperatives. Self Help Africa has supported the Raya Wakene 

Cooperative, along with other primary cooperatives, to get access to mechanization, 

finance, and strengthen market linkages. 

• The electricity provider supplies electricity to the processing business. The electricity 

provider will support installing and calibrating the sensors and meters on the equipment 

and the processing business to ensure accurate data collection. The electricity provider 

will ensure reliable electricity supply and share electricity consumption data on a timely 

basis. Given the processing facility is likely to be a larger customer, the cooperative 

model has a higher chance of success if it is located in a grid-electrified area or 

connected to a larger minigrid system.  

• The cooperative can mobilize equity and debt to finance equipment purchase to establish 

the processing business. The cooperative will cover a portion of the cost to establish the 

processing business. In this early-stage pilot where the business is not proven viable yet, 

donor funding will be necessary to encourage cooperatives to take on the operational and 

credit risk to establish and operate the business. The financial solutions and funding in the 

Designing and Piloting Financial Solutions project will be channeled here. 

• The equipment supplier coordinates with the cooperative and the facilitator to deliver a 

suitable electric mill for the pilot. Similar to other business models, the equipment supplier 

will support equipment operation training and provide spare parts to local technicians 

when equipment service and maintenance is required.  
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Timeline—The timeline will be similar to the timeline for the other demonstration projects.  

Scaling strategy— Results on the economic viability and feasibility of the cooperative-led 

business model will be shared to attract investor interest and replicate its application in other 

communities, where it is suitable.  

 

D.3 Develop Supportive Policies 

This section includes the following preliminary projects:  

• Designing and Piloting Financial Solutions 

• Electric Equipment Selection Tool 

• Scaling Capacity Building 

Designing and Piloting Financial Solutions  

Context—Access to affordable financing is a top barrier for would-be processors to invest in 

electric equipment (see Section 6.1). Although our analysis indicates electric grain milling is 

economically viable with prevailing market terms, microfinance institutions (MFIs) in Ethiopia do 

not offer loan products specifically designed for financing small-scale agro-equipment and lack 

the knowledge to properly serve the market. Unlocking the financing market for electric 

equipment requires supporting finance providers in understanding productive use, designing 

suitable financing products, and de-risking productive use investment.  

Target insights—The key objective of the project is to de-risk financing in the small-scale agro-

processing market.   

Project description—The project will develop and backstop financing products to fund equipment 

purchases in the demonstration projects included in the National Productive Use program. In 

doing so, the project will build comfort and experience among participating finance providers in 

serving the electric agro-equipment market. 

A small set of finance providers will receive technical advice to assess the results of the Data Pilot 

(see Section 7.2), understand electric milling businesses, and determine their financing needs. 

The team will then design the characteristics of loan products that will be tested in the 

demonstration projects (the FFS, Utility-Led, and Cooperative-Led Demonstration Projects 

presented in this Appendix) including defining the interest rate, tenor, and payment schedule. 

The loans will be backed by a partial guarantee to encourage MFIs and capital goods finance 

companies (CGFCs) to participate in the project. The technical advisory component will also 

equip the finance providers to continue financing the electric agro-equipment market by 

providing training on evaluating loan applications and other needs identified through the project. 
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Project Team—The project team will be led by a technical advisory firm that collaborates closely 

with participating finance providers and donor partners. The MFIs and CGFCs will then 

coordinate with equipment investors in the demonstration projects.  

• The technical advisory firm provides guidance to design financial products and capacity 

building. The firm must have strong financial sector expertise and understand the Ethiopia 

context. It will lead the assessment of financing needs, design the financial solutions, and 

provide capacity building for MFIs and CGFCs. The firm will closely coordinate with the 

facilitators in the demonstration projects to monitor the performance of the milling 

businesses and flag issues with loan repayment that may require finetuning loan design.  

o BFA Global for example, has experience working on development projects 

focusing on financial services in Africa, designing financing products, conducting 

financial analysis, creating credit scoring metrics, and offering technical 

assistance to small enterprises and MFIs. SELCO Foundation also has extensive 

experience with the design of financial solutions, within the context of rural energy 

service delivery and it recently launched its program in Ethiopia. Organizations 

like BFA Global and SELCO Foundation may be candidates to consider for this 

role.   

• The MFIs and CGFCs finance equipment loans in the demonstration projects. 

Participating MFIs and CGFCs need to commit to project success and assign dedicated 

staff and focal points for the project. These staff will collaborate closely with the technical 

advisory firm to design and launch products and attend training sessions. MFIs and 

CGFCs will also monitor loan and lease performance, tracking and documenting loans 

disbursed, end uses, and repayment rate and noting any issues equipment investors 

encounter during application, repayment, and any follow-up process.  

o The Amhara Credit and Savings Institution (ACSI) and Waliya CGFC serving 

Amhara, and the Oromia Credit and Savings Share Company (OCSSCO) and 

Oromia CGFC serving Oromia already have experience collaborating with 

international donors and organizations on development projects and may be 

candidates to consider for this role.   

• Guarantee facility backstops equipment loans. The facility will offer partial credit 

guarantees to reduce credit risk and serve as an alternative to collateral requirements. 

The facility will rely on donor funding at the early stage while the demonstration projects 

are tested. DBE has experience managing guarantee facilities and may be well-positioned 

to administer the facility. For example, the Global Environment Facility, together with 

UNDP and UNCDF, provides a guarantee facility at DBE, supporting small and medium 

enterprises working on renewable energy technologies.  

 

Timeline—The project will start in Year 0 so that the loans can be disbursed around Year 1 

through the demonstration projects. The project ends in Year 4.5 and will cover the full tenor of 

the loans and/or leases offered.  
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Scaling strategy—To ensure that the findings and lessons learned on viable business models and 

characteristics of viable financial solutions are replicated beyond the specific hubs defined in the 

National Productive Use Program (the three demonstration projects) and adopted by more MFIs 

and GCFCs serving rural communities throughout Ethiopia, two initiatives are needed: 

• Awareness raising and dissemination. The project will generate evidence and data on 

viable business models and financial solutions. Data and training materials illustrating 

viable financing terms, pilot results, and lessons learned will be shared with other MFIs 

and CGFCs to generate interest and draw more participation and capital to support the 

sector. This scope of work will be included in the dissemination activities that the 

Productive Use Committee is responsible for (see Create and Strengthen Sector 

Alignment and Coordination for Productive Use). 

• Establishing the infrastructure and support systems. For productive uses to scale, MFIs 

and CGFCs need to serve the appliance financing market. This may require taking the 

lessons from the project to understand the financier needs and determining the 

infrastructure needed to provide that support at a wider scale. For example, this may 

include setting up a fund of funds that addresses the lack of liquidity identified by MFIs as 

a challenge to expand their portfolios and serve new markets, expanding the guarantee 

mechanism developed under the project, or both. The exact support and infrastructure 

needed to provide this support at a broader scale will be defined based on the results of 

the project. These actions can be rolled into a new project as the National Productive Use 

Program is revised and updated. 

 

Electric Equipment Selection Tool 

Context—Selecting electric equipment that can be used in minigrid communities requires 

triangulating compatibility requirements between the minigrid system, the equipment operator (or 

processor), and the end consumer (e.g., the person procuring milling services). The lack of market 

information indicating which equipment options can safely connect with minigrid systems without 

impacting power quality, and meet operator and end-user needs for energy efficiency, throughput, 

and product quality makes equipment selection difficult. For example, determining minigrid 

compatibility requires understanding requirements for startup current, current, and voltage, which 

vary depending on the minigrid system. This is information that processors lack. Processors need 

guidance in selecting equipment that meet their needs and system requirements.  

Target insights—This project aims to develop an equipment selection tool to help processors 

(equipment operators) select minigrid-suitable equipment that meets their needs. The project will 

generate a database with tested and certified equipment performance specifications and minigrid 

profiles providing location and component data and defining the equipment requirements to ensure 

compatibility with the system. The database will be linked to a user-friendly interface to help users 

select equipment. This tool will simplify and streamline equipment acquisition by eliminating the 

need for technical support in equipment selection, helping scale purchases of equipment in rural 

communities in Ethiopia. 
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Project description—The project will include four stages of implementation as described below: 

• Phase 1: Generating a database of productive equipment and performance specifications. 

This will include testing equipment to verify key parameters that affect minigrid power 

quality (e.g., startup current for heavy motored equipment like grain mills, current and 

voltage fluctuation with loading/use variation, energy efficiency etc.). The testing outcomes 

will generate a certification label to attach to the equipment as a performance reference 

point for the equipment seller and buyer.  

• Phase 2: Developing minigrid profiles. Minigrid developers will compile data on the precise 

location of their minigrids and the territory/zone served by each minigrid. They will also 

include technical specifications of the minigrid system and its components including 

inverters, meters, distribution network cable sizes, etc. This minigrid specification data, in 

combination with the equipment performance data, will serve as the reference database 

for the equipment selection tool.  

• Phase 3: Developing a data referencing algorithm and user-interface for the tool. To use 

the equipment selection tool, the equipment supplier will input the site location where the 

processor plans to install the equipment and scan the certification label attached to the 

equipment the processor wants. The tool will then generate a confirmation (or rejection) of 

compatibility between the processor’s power source and their desired equipment. This 

phase will involve creating the algorithm that the tool uses to compare the specifications of 

a scanned equipment label to the power supply of a minigrid located where the processor 

plans to install the equipment. It will also include developing a user-friendly interface that 

the equipment supplier accesses to input location data, scan the equipment label, and 

receive compatibility results.  

• Phase 4: Tool testing, awareness raising, and training. This stage will include testing the 

tool with an equipment supplier, minigrid developer, and processors for ease of use and 

accuracy of compatibility results. Once any identified issues are solved, the project team 

will carry out awareness raising for the tool with equipment suppliers, minigrid developers, 

and processors. Awareness-raising activities will be accompanied with training on using 

the tool appropriately to ensure accurate results. 

 

Project Team 

• Expert on equipment performance and standards carries out equipment testing and 

develops the equipment certification label. The expert will lead equipment testing and 

developing the database of productive equipment and its performance specifications. They 

will also develop the certification code for labeling tested equipment. This role is best suited 

to an organization with “performance testing and standards" experience. The International 

Electrotechnical Commission (IEC) could fulfill this role in collaboration with the Ethiopian 

Standards Agency (ESA), since the ESA does not currently test or enforce standards for 

most productive equipment like grain mills. In addition, the IEC already has plans to pursue 

a similar approach to provide guidance in selecting equipment for households using solar 

home systems. 

• The minigrid operators compile minigrid location and technical specification data. Minigrid 

developers will provide minigrid data for the tool’s database, which is required for cross 



180 

 

referencing with equipment specifications in comparing compatibility of equipment and 

power supply. EEU, which owns the majority of minigrid systems planned for the short to 

medium term, will play a key role in providing this information.  

• The equipment supplier to applies the tool while supporting a processor in selecting 

equipment. The equipment supplier is the core user of the tool, and will input the equipment 

buyer’s location information, scan the equipment label, and generate the compatibility 

report for the buyer.  

• The tool developer designs the tool. The tool developer will develop the tool’s back-end 

algorithm that will evaluate equipment specifications against power supply at the buyer’s 

chosen location. They will also develop the front-end user interface that the equipment 

supplier will access when they use the tool. This role is suited to a software development 

expert or organization with experience in developing back-end algorithms as well as front-

end graphic design, for a user-friendly tool interface. 

Timeline—The tool will be developed targeting one type of equipment to start with. Based on the 

analysis presented in Section 3, we suggest prioritizing grain mills. This stage will start in Year 1.5 

and last for approximately 15 months. Phase 1 will start in Year 1 and last approximately six 

months. Minigrid developers can implement Phase 2 (minigrid data compilation) in parallel with 

Phase 1. The tool developer, with access to the database, will require at least six months to design 

and test the tool. When the tool is operational, raising awareness and training users will require an 

additional three months. 

Scaling strategy—The tool will require continuous promotion to minigrid developers to ensure 

they update the minigrid location and technical specification database as they commission new 

minigrids. Expanding the database to include more types of equipment will require additional 

testing and certification labelling. We recommend aligning the order of equipment captured in the 

database to the electrification potential of activities based on this (see Section 3.1) and other 

studies. 

 

Scaling Capacity Building  

Context—The business models (see Section 5.1) are designed to embed capacity building to 

prepare for and during project implementation. This capacity building is channeled through the 

facilitators who are responsible for training the processor or equipment operator to select the 

right equipment, access financing, and develop their businesses. The proposed business models 

(especially the FFS model) place a strong weight of responsibilities on the facilitator. Executing 

these responsibilities successfully will require significant expertise and experience.  

The biggest risk in proving the commercial viability of business models and then scaling their 

adoption is not finding adequate candidates to fulfill the facilitator role. We should expect that the 

level of expertise and experience will vary across would-be facilitators in Ethiopia. Support is 
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needed to assess the relative strengths of would-be facilitators and support those facilitators that 

pass a minimum benchmark to fulfill the role effectively.  

Target insights—Support facilitators in curriculum development by providing a starting point and 

templates offering a floor level of quality for training and support provided. Connect shortlisted 

facilitators with project opportunities.  

Project description—The project provides tools and guidance to help facilitators carry out their 

responsibilities. The project will develop a standardized curriculum and training materials 

including manuals and guidelines that processors need to develop and operate an agro-

processing business with electric equipment.  

The materials will cover technical, financial, and managerial aspects to strengthen the expertise 

of processors and entrepreneurs. For example, the materials can include a business 

development and management guide (e.g., to improve business management and financial 

literacy), an economic and financial analysis template to assess equipment investment, and a 

user manual to help with basic troubleshooting and maintenance of common types of electric 

equipment. However, facilitators will still be expected to adapt the curriculum based on the 

specific needs of the processors or entrepreneurs found in their community.  

The project will also create and host a one-stop depository for easy access to materials (e.g., a 

website). The depository will include additional information to help connect project opportunities 

to shortlisted facilitators. This includes a roster of would-be facilitators that have been shortlisted 

based on their capacity to fulfill the role effectively. The depository can also advertise project 

opportunities in specific communities (e.g., a minigrid developer is looking for a facilitator to 

support with implementing a specific productive use initiative) to connect with interested 

shortlisted facilitators. 

Project Team—A project lead will oversee developing the depository and its components. The 

project lead will develop and manage the depository and recruit and shortlist facilitators to be 

included in the roster. The project lead will also oversee developing the standardized curriculum 

and training materials. They may choose to hire the services of a consultant to prepare these 

materials. For example, the project lead may choose to hire the services of a community-based 

organization with content expertise and experience on agro-businesses and capacity building 

events for rural communities. Similar candidates for the facilitator role described in the FFS 

demonstration project can also provide support here. The project lead could be the Productive 

Use committee described in Create and Strengthen Sector Alignment and Coordination for 

Productive Use, or a team hired or delegated by them.  

Timeline—The components of the project are needed at different points during the 

implementation period of the national productive use program and so the depository will be 

developed in stages to meet needs as they materialize. The standard materials and tools need to 

be developed first, in Year 0, to ensure they are ready for facilitators to use during the 

implementation of the business model pilots (see FFS, Utility-Led, and Cooperative-Led 

Demonstration Projects).   
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The depository to make the training materials widely accessible and the roster of shortlisted 

facilitators will support the replication of business models in more communities. As such, these 

components can be developed when enough evidence has been gathered through the 

demonstration projects to prove the viability of the business models, around Year 3 of the 

timeline.   

Scaling strategy—The depository is a scaling strategy to help replicate the business models 

tested in the early stages of the national productive use program. As projects in the National 

Productive Use program are completed and results gathered and assessed, findings and insights 

can also be shared through the depository. The tools included in the depository can also be 

expanded as new needs arise. For example, a shortlist of equipment suppliers may be added to 

indicate which suppliers provide quality equipment. The project team will carry out awareness 

raising to ensure the depository is known and accessible to would-be entrepreneurs and 

processors, facilitators, and other actors.  
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     Criteria and Preliminary Participants List for Design Sessions 

The design sessions will bring together actors from different backgrounds to interact, discuss 

possibilities, and develop projects to test and verify these possibilities. As such, a key part of end-

user centered design is building the coalition of actors that will bring the needed skills and 

experience. This requires understanding who these actors are. But knowing the right things is not 

enough, participants also need to be bought into the process and must want to participate and 

contribute to the discussions. As such, bringing in participants with the required disposition, 

expertise, and skills is a key requirement to ensure that discussions are meaningful and contribute 

to highly practical projects anchored on end-user needs and ground realities.  

This appendix provides the criteria used to identify the organizations and people within these 

organizations to populate the participant list. This appendix also presents the preliminary participant 

list.  

E.1 General Criteria 

A set of general criteria should guide the selection of participants throughout all tiers: 

• Actors must be bought-in and want to participate in the design sessions 

• Actors must have an open mind, positive attitude toward others, and willingness to listen to 

new ideas, other people and organizations, and different approaches. 

E.2 Criteria for Target Participants in Tier 1—Community Visits and Focus Groups 

The key decision for Tier 1 is selecting the appropriate CBO to partner with as co-producer to 

select communities and to connect with end-users during the community visit. The following criteria 

will guide our selection of the CBO to partner with as well as end-users to shadow and interview 

during the community visit.  

Co-producers—Thse should be CBOs that work with micro, small, and medium enterprises 

(MSMEs) in small-scale agriculture development particularly in agro-mechanization pilots (priority 

on milling pilots). They should support these enterprises with capacity building for business 

management, provide awareness building to introduce new technologies, and connect processing 

MSMEs with finance. The CBO should have at least two years’ experience operating community 

development programs to suggest the existence of strong, trust-based relationships with end-users. 

Ideally the CBO will have ongoing programs in the three regions of interest: Amhara, Oromia, and 

SNNPR. 

End-users—There are two categories of end-users we will target during the field visit: 

• Processors—MSMEs engaged in mechanized post-harvest processing that have been 

running processing businesses for at least one year and/or been recipients of CBO services 

in the past and have higher capacity levels as demonstrated by their ability to access credit 

and operate successful processing businesses (priority on milling). 
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• End-consumers (customers) of processing services. 

E.3 Criteria for Target Participants: Tier 2—Design of Community Solutions 

We will target actors that would intervene in implementing community level solutions, are immersed 

in ground realities, and understand end-user needs. Based on our secondary research, field 

surveys, and expert interviews assessing existing business practices and models, the fee-for-

service business model (see Section 5.1.1) is the most prevalent business model in rural 

communities. We are using the roles established in the fee-for-service business model to guide our 

identification of participants in Tier 2 discussions. We have structured the criteria to identify 

participants based on the roles and the required expertise needed to fulfill those roles: 

• The processing Business will meet the same criteria listed for processors in Tier 1. The team 

with support from the partner CBO will select the processor(s) based on the community visit 

and interviews held in Tier 1. 

• The facilitator connects processors with equipment suppliers and financiers, leveraging its 

agriculture sector expertise, technical knowledge on electric equipment and business 

management, and relationships with other actors. The actors to represent the facilitator role 

will meet the same criteria listed for CBOs in Tier 1. 

• The electricity Provider supplies and sells electricity in rural communities. The actors to fulfill 

this role should have rural minigrid systems in operation and have experience testing 

productive use initiatives in their areas of service so that they can bring this practical 

knowledge to the discussion. 

• The equipment supplier should already be providing post-harvest processing equipment to 

small-scale rural end-users, including milling equipment.  

• The financial Institution can be a microfinance institution (MFI) and/or the capital goods 

finance company (CGFC) with existing loan or lease portfolios targeting small-scale 

agricultural entrepreneurs.  

E.4 Criteria for Target Participants: Tier 3—Design of Solutions for Scaling and 

Building an Enabling Ecosystem 

In addition to the actors identified in Tier 2, Tier 3 will also bring in national and regional level 

policymakers, development partners, and research institutions that have a broader vantage into the 

national and regional level goals and barriers to address and resources available.  

To effectively bridge gaps between energy, agriculture, and other sectors that support rural 

development, the key ministries representing these sectors would participate. Key stakeholders, 

including the ministries of energy, agriculture, economic planning, and finance would be invited. 

Specific participants within these organizations should include sector specialists with experience in 

project design and implementation. They can then bring the required knowledge of ongoing 

projects and identify opportunities for collaboration. They can also leverage cross-sectoral initiatives 

and make recommendations on how to channel those collaboration opportunities into 

programmatic recommendations. 

E.5 Preliminary Participant List 
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Exhibit 76 presents the preliminary participant list. The project team, with partner support, will refine 

this list to identify blinds spots, define in which tier specific actors will intervene, and ensure that the 

final participant list leads to manageable workshops that bring together the required set of expertise 

and experience in each tier. This may require reducing the number of participants included in the 

final participant list.   
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Exhibit 76: Preliminary Participant List 
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     Preliminary Woredas for Data Pilot 

Exhibit 77 shows the woredas we are considering for the Data Pilot. Our review indicates that these 

woredas include communities targeted for pre-electrification with minigrids with significant grain 

production. However, this selection is not final. We will consult with our partner CBO to determine 

the final list of woredas and communities. 

Region Zone Woreda 

Amhara Maekelawi Gonder Gonder Zuriya 

Amhara Mirab Gojjam Burie Zuria 

Amhara Misrak Gojjam Enarji Ena Enawuga 

Amhara Misrak Gojjam Awabel 

Oromiya Buno Bedele Chora 

Oromiya Mirab Arsi Gadeb Asesa 

Oromiya Mirab Shewa Dendi 

Oromiya Misrak Shewa Adea 

SNNPR Gurage Sodo 

SNNPR Yem Liyu Yem Liyu 

Exhibit 77: Woredas for Data Pilot 
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     Survey Tool 
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