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Background

o Less than half of the >1 
billion people living in Sub-
Saharan Africa (SSA) lack 
access to electricity.

o Most agriculture in SSA is 
rainfed and susceptible to 
climate variation.

2

Figure 1. Ethiopia’s Existing Electrical Grid and Estimates of 
Areas with Access to Electricity 

Image: Off-Grid Solar Groundwater Irrigation Pumping in Sub-Saharan Africa. Cowell C., Gallaher M., Larson J. RTI Working Paper
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Last summer the PIRE team dove into the problem of rural electrification in SSA and began to focus on Ethiopia. This was a choice based on data availability and on the idea that a methodology that works in Ethiopia could work across the southern portion of the continent.The idea of this analysis was to find areas that might benefit the most from using renewable energy, namely solar PV, powering groundwater well pumps to irrigate cropland was used as a framework because it creates a potential for income increase from the electricity. This summer, this research has continued, with data on the spatial variation of crop land use and yields per unit land area was used to support the analysis. Although solar energy is rapidly growing cheaper as the industry gains size, it still requires financing for many farmers to make the decision to set up irrigation projects, so finding where crops, specifically cereal grains grown as cash crops, that can gain the most economically from investing in renewable energy gives a pathway to increase adoption.Figure 1 shows Ethiopia’s existing electrical grid including power plants, existing transmission lines at a variety of voltages, and an estimated buffer for where the limits of Ethiopia’s public utility is likely to have distribution lines. Ethiopia has an impressive generation portfolio for electricity with greater than 80% of their electricity coming from hydroelectric dams. This generation is however, not sufficient for the electricity demands in urban centers and, like much of SSA, experiences regular power outages. This electric grid also does not extend to rural areas and is a heavy investment price to bring electricity to these remote regions. Because of these high connection costs for rural residents, mini-grids, solar-home-systems, and other off-grid generators (such as diesel motors) are typically used for electricity needs.With many farmers in SSA relying on rain for their agricultural production, their crops remain susceptible to seasonal weather variation, climate shift as the world experiences climate change, and draught. This can often cause cascading problems that affect farmers in multiple facets throughout their life. For example, if each year crops are relying on seasonal rains to for water, a farmer may be hesitant to use fertilizer as the investment might leave them worse off in the case of a crop failure. 



So What?

o Grid connections are 
too costly, especially for 
farmers.

o Rainfed agriculture is 
susceptible to drought 
and changes in rainfall 
patterns.

3 Image: https://www.gettyimages.com/detail/photo/tea-farmers-royalty-free-image/628345012?adppopup=true
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Roughly 60% of Ethiopia’s population is lives in rural areas where farming is the primary occupation and very few of those people are connected to the electric grid. Many of these rural farmers are quite vulnerable to climate variation as their farming practices are predominantly to use rain as the exclusive water source throughout the growing season, just 1-3% of arable land in SSA is currently irrigated. Interconnection fees are often expensive and there is no guarantee that the utility will be able to set up transmission and distribution lines soon. This leaves many residents with few choices for electricity access, many use kerosene for lighting and wood or charcoal for cooking.Barriers exist for rural populations to adopt any form of electricity into their lives. If residents cannot afford to pay the fees associated with connecting to the national grid, which is unreliable at best, off-grid sources of electricity can be used. This can range from diesel generators, individual solar-home-systems with or without batteries, or more ambitious projects such as mini-grids (a mini-grid is like a traditional electricity grid, but typically much smaller servicing small villages, they can vary widely in quantity of power and energy produced and end use of electricity).



So What Can We Do?

o Electricity may be adopted 
at greater rates if it can 
support income-generating 
activities.

o Agricultural productivity and 
food security can be 
increased by irrigation.
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Use renewable 
electricity to power 
groundwater pumps 
for irrigation.

Image: https://www.gettyimages.com/detail/photo/growing-investment-concept-royalty-free-image/1061700868?adppopup=true
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It generally makes more sense for a village to invest in electrification if it has the potential to increase their quality of life. While electricity can provide a lot of comforts in the home such as lighting, TV, and air circulation, it can also have health and education benefits (cleaner indoor air when wood/charcoal/gas stoves are replaced with electric, lighting can allow study at home), as well as increase income generating activities. This can include powering shops and restaurants, extend the hours of clinics, or be used for doing work.Studies from by British Geological Survey scientists in 2012 indicated that groundwater might be a much more abundant resource in SSA than previously thought. Last summer a hotspot analysis was done in GIS to determine where; (A) ample groundwater could be accessed, (B) productivity of the aquifer could support irrigation, and (C) the depth to groundwater would not incur significant drilling costs for the well. This was then overlaid with maps of the existing electrical grid in Ethiopia and land use maps segregating irrigated from non-irrigated cropland.This summer, I have expanded upon this research to analyze crop and land-use data to help target areas within Ethiopia that might be prime for the development of off-grid groundwater irrigation project. To understand where communities might be able to achieve the most economic benefit from irrigation, survey data from IFPRI (International Food Policy Research Institute) was used to estimate the land use, production per unit area, and water source of administrative zones in Ethiopia. This was then mapped in a Geographic Information System (GIS). Annual precipitation values were also used to provide a comparison and show by what factor irrigation has the potential to increase farm yields.



Analysis Findings
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Table of Spatial 
Data associated 
with relating to 
administrative 
zones in Ethiopia
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This table shows some of the 79 zones that Ethiopia uses for government administration. Using land-use data, rainfall data, and additional GIS tools, several statistics for each zone were calculated including; the average annual precipitation in each zone, the percentage of land area in each zone that is used for agriculture, and the percentage of cropland area that is irrigated.This data will allow some analysis as to how and where irrigation has the potential to increase productivity and farm revenue based on type of crop, precipitation values, and the costs of an irrigation system based on some key characteristics such as groundwater depth, storage, and aquifer productivity. This analysis, with the study from last summer which identified hotspots for potentially introducing solar irrigation, gives more insight into which areas in Ethiopia might be best targeted for solar-powered groundwater irrigation.



Analysis Findings
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Map depicting the 
annual 
precipitation in 
mm across 
Ethiopia
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This map depicts average precipitation values throughout Ethiopia in mm/year.



Analysis Findings
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This map 
depicts the 
land area in 
Ethiopia that 
is irrigated
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This map shows where in Ethiopia farmers have adopted some sort of irrigation or water management scheme for their crops, therefore having a more stable water source than rainfed agriculture.



Analysis Findings
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Map depicting 
the intersection 
of non-irrigated 
land and low-
precipitation 
areas
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This map depicts some of the hotspots for where solar powered irrigation might have the largest impact. The areas in green show where agricultural land is not irrigated and receives less than 1250 mm of precipitation in an average year, these areas have a value of 1. The areas with a value of zero is where agriculture is practiced, but there is more than 1250 mm of precipitation in an average year or irrigation is already practiced.Further analysis outlining which of these high impact areas are outside the reach of Ethiopia’s electric utility would show some ideal areas to for solar irrigation to possibly be adopted.



9

Acknowledgments

Many thanks to:
• Dr. Mike Gallaher, Chandler Cowell
• RTI International, the PIRE program, and the Power Africa 

Off-Grid Project

Presenter
Presentation Notes
I would like to tank my mentor Dr. Mike Gallaher for the guidance he has given me throughout this summer. I have felt that very independent in my work and have had a felt at times that I was heading up our project with Mike providing much needed guidance and direction and being very open and encouraging to my ideas and insights.Many thanks to Chandler Cowell for all the help he has provided me with this summer. The technical aspects of this work would have been much slower to come had he not assisted me in my search for data, working in GIS, and our conversations that helped tie a lot of this work together.I would like to thank RTI for this fantastic opportunity to work with this community this summer. This has been a fantastic, life-changing opportunity and has really set what I believe to be a high bar for who I want to work for and how my work environment should feel.I would like to acknowledge the grant funders that are responsible for my internship existing; the PIRE program which seeks to find young professionals interested in research to aid in international development has such a fantastic mission, and I hope that I can work with similar projects in the future. I cannot with words express the gratitude I feel for being able to assist in this righteous mission.



Sources

o Image: Off-Grid Solar Groundwater Irrigation Pumping in Sub-
Saharan Africa. Cowell C., Gallaher M., Larson J. RTI 
Working Paper
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o Analysis images were produced as part of my work this 
summer
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