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Purpose of Summative 
Evaluation of PAEGC 

• Determine what PAEGC accomplished
• Assess PAEGC’s performance within 

Organisation of Economic Co-operation and 
Development (OECD) Development 
Assistance (DAC) evaluation framework

• Identify factors that contributed to PAEGC’s 
successes and failures

• Evaluate PAEGC’s technical assistance, 
training, outreach, knowledge management 
and Powering Agriculture Investment 
Alliance

• Determine validity of PAEGC’s Theory of 
Change

• Provide recommendations for subsequent 
Grand Challenges (WE4F)



Outline
• Program
• Methodology
• Outcomes
• Impacts
• Assessment of other Powering Agriculture activities
• Assessment according to Development Assistance (DAC) 

principles 
• Assessment of PAEGC’s Theory of Change
• Recommendations



The Program



Powering Agriculture: An Energy Grand 
Challenge for Development (PAEGC) 

• Grand Challenge programs support 
development, diffusion of solutions 
with transformational impacts on 
major problems
• Tap global pool of innovators and 

entrepreneurs
• Support emerging technologies, 

companies
• PAEGC

• Supports deployment of clean energy 
technologies for agricultural value 
chains

• One of 10 Grand Challenges funded by 
USAID and partners

• $48 million multi-donor effort 
• USAID
• Swedish International Development Cooperation 

Agency (Sida)
• German Federal Ministry for Economic 

Cooperation and Development (BMZ) through 
Deutsche Gesellschaft für Internationale 
Zusammenarbeit (GIZ)



• Enhance agricultural yields 
and productivity

• Decrease post-harvest losses
• Improve farmer and 

agribusiness income-
generating opportunities and 
revenues

• Increase energy efficiency 
within the operations of farms 
and agribusinesses

Activities
• Technology and business 

model innovation
• Commercial financing
• Mainstreaming and 

acceleration
• Knowledge management

Program objectives and activities

Objectives



Methodology



PAEGC Theory of Change
• By combining renewable energy 

with new agricultural technologies 
and business practices PAEGC 
innovators will:
– Substantially increase agricultural 

productivity and incomes
– Decrease emissions of greenhouse 

gases
– Reduce rural poverty
– Improve gender equity

• PAEGC will be able to attract new 
innovators to develop these 
solutions

• PAEGC will be able to identify and 
support entrepreneurs to develop 
and disseminate these solutions



OECD DAC Principles
• Relevance
– Were PAEGC-funded activities suited to the 

priorities and policies of the target group, 
recipient, and donor?

• Effectiveness
– Were the objectives achieved or likely to be 

achieved?
– What factors influenced whether the 

projects achieved objectives?
• Efficiency
– Were the activities cost-efficient and timely?
– Were there more cost-efficient alternatives?

• Impact
– What happened as a result of PAEGC?
– Did the activities make a real difference to 

beneficiaries?
• Sustainability
– Will the PAEGC activities continue?
– Are they environmentally sustainable?



Approach 



Collecting information

• Document reviews
− Webmo
− Fact sheets from GIZ
− Commercial business information
− Economic, social, anthropological literature

• Innovator interviews
− 24 of 24 total PAEGC projects
− 2 of 10 total GIZ projects

• Visits to farmers during site visits
− View how technology works in the field
− Quantify benefits
− Discuss problems, competing technologies

• Interviews with distributors, competitors, other 
market participants

• Discussions with Powering Agriculture Investment 
Alliance participants

Locations of Site Visits



PAEGC projects span the globe
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Technologies

Solar-powered irrigation
Cooling and heating
Mini-grids
Agricultural processing and other

Innovations’ Characteristics



Evaluation Questions
• Who are the innovators and their partners? 
• What was the technology? 
• What was the project’s objective?
• To what market and social environment 

was it targeted? 
• What did it achieve in terms of 

technological development? 
• What did it achieve in terms of business 

development? 
• How far has the technology been diffused?
• What were the project’s impacts?

• Increases in agricultural output or incomes
• Reductions in emissions of greenhouse gases
• Decreases in poverty
• Improvements in gender equity

• What challenges did the project face?



Outcomes



Category Not Achieved Partially Achieved Mostly Achieved Achieved

Technology

• No successful technology or 
business model by end of PAEGC

• Technology or business model 
needs extensive additional 
design work and testing before 
suitable to bring to market.

• Technology or business model 
was almost fully developed, but 
needed additional design or 
manufacturing changes before it 
was ready to be brought to 
market.

• Innovator successfully 
developed the technology or 
business model

• Functional in the field, and 
ready to be brought to 
market. 

Business

• Product has not yet been sold 
commercially.

• Product was successfully sold 
on a commercial market

• Organization cannot yet sell 
the product at a price above 
the cost of production and is 
unlikely to do so

• Product was successfully sold on 
a commercial market

• Organization sells product at a 
price above the cost of 
production and distribution.

• Organization has made sales 
of the product

• Revenue growth
• Promise of becoming cash 

positive or has attracted 
investments

Diffusion

• Organization has not succeeded 
in selling the product or has 
exited the market

• Organization has made 
tangible product sales

• Market is nascent
• Organization is not yet selling 

the product or service at a 
profit.

• Product or service has large, 
growing sales

• Overall market is not yet fully 
developed

• Company may not yet be selling 
the product at a profit.

• Substantial product sales,
• Sales are expanding rapidly to 

the point that the product is 
being purchased widely

• Innovator is profitably selling 
the product or service.

Coding Outcome Criteria; Business, Technology, Diffusion



Solar-powered irrigation

Rationale
• Smallholders can increase incomes by growing 

crops in the dry season
• Solar power saves money, reduces greenhouse 

gas emissions by replacing diesel pumps
Outcomes
• All innovators successfully developed new 

technologies, primarily pumps
• Most created viable businesses and expanded 

the market
Findings
• PAEGC helped develop, expand market in Africa, 

South Asia
• Most successful PAEGC technology area
• Pumps still unaffordable for poorest farmers

Futurepump (©Thrift, Cane, 2019)



Cooling and heating with 
renewable energy

Rationale
• Smallholders suffer large losses from spoiled 

milk, fruits, and vegetables
• Lack access to grid electricity for refrigeration
• Off-grid refrigeration increases rural incomes 

by reducing spoilage
Outcomes
• Most innovators developed new cooling 

technologies; three have viable businesses
• But only one innovator has expanded market
Findings
• Smallholders find technologies too expensive
• Most successful innovator, Promethean, sells 

to commercial dairies UGA’s EvaKuula at production facility outside Kampala, Uganda
Source: Engel 2019



Mini-grids and micro-grids
Rationale

• Smallholders lack access to grid electricity
• Expensive diesel, kerosene provide power for 

agriculture, home use
• Mini-grids and micro-grids* replace fossil fuels, 

provide access to electricity

Outcomes
• A majority of innovators installed and set up 

financially viable mini-grid operations
• Some innovators are installing new grids

Findings
• Mini-grids are able to spread high fixed costs over 

customer base, micro-grids have not
• Primary consumers are households, commercial 

establishments
• Agricultural uses have been limited

*Microgrids are less than 10 kilowatts in capacity
EarthSpark micro-grid in Les Anglais, Haiti.

Source: Barreto 2016.



Agricultural processing and other 
technologies

Rationale
• Adding value to crops can appreciably increase 

smallholder incomes
• Processing equipment powered by renewable energy 

opens up business opportunities, reduces manual labor 
and greenhouse gas emissions

Outcomes
• Innovators succeeded in developing new technologies
• Most had difficulty in bringing them to market 
Findings
• New technologies faced technical, cost hurdles
• Over half the innovators were unable to create viable 

businesses to sell their products
• University innovators lacked incentives, means to 

commercialize productsVIP Solar-powered cassava grater
Source: Chaves 2018



Project outcomes by category
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• Innovators mobilized $49.1 
million in additional funding 
from investors, grants
• For-profit companies most 

successful, raised $46.9 
million

• Not-for profits raised $2.2 
million

• 2015 innovators have done 
better than 2013 innovators
• 2015: 3x PAEGC funding
• 2013: 1.3x PAEGC funding

Ratios of additional funding to 
PAEGC funding
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Innovators have raised substantial additional funds



PAEGC contributed to 12 “market stimulation” outcomes
Solar-powered irrigation
• iDE spun out Futurepump

• Rising sales of PAEGC-supported pumps encouraged Davis & Shirtliff, Futurepump’s first-tier distributor in Kenya, to develop 
its own pump

Cooling and heating technologies
• Three new companies spun out: ColdHubs (GIZ solar cold room); Solar Cooling Engineering (GIZ solar milk chilling); 
Thermogenn (University of Georgia)

• Rebound developed IcePoint™, large-scale commercial refrigeration system from SunChill

• SunDanzer purposely has not patented its products; other companies developed similar systems

• SunDanzer received follow-on grant funding to develop small solar-powered refrigerator, systems to cool fish, walk-in coolers

• Promethean has been developing smaller chillers for villages to store milk

Mini-grids and micro-grids
• EarthSpark spun out SparkMeter; other PAEGC recipients have used its meters 

Agricultural Processing and Other Technologies
• Motivo has created Harvest subsidiary

• Agsol associated with Village Infrastructure Angels



Impacts
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• Solar-powered irrigation 
pumps could have 
substantial impact

• Only commercial cooling 
equipment led to tangible 
reductions

• Mini-grids have major 
impact by substituting solar 
for diesel

• GIZ energy efficiency project 
in Kenya’s tea industry 
project had largest impact: 
57,273 tons per year

Reductions in greenhouse gas emissions
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Reductions in poverty
• Solar-powered irrigation: Pumps 

designed with poorest 
smallholders in mind, but still too 
expensive

• Cooling and heating: most 
benefits accrue to dairies, not 
individual smallholders

• Mini-grids: Tangible savings from 
substituting solar for diesel, 
kerosene

• Other: Costs too high for poorest 
smallholders

Improvements in gender equity
• Solar-powered irrigation: Pumps 

constructed to be lighter for women
• Cooling and heating: Women 

heavily engaged in cow husbandry 
and milking, benefit from increased 
earnings from milk

• Mini-grids: Generally, not directed 
at women, although women 
important customers

• Other: Processing equipment 
replaced manual labor by women

Reductions in poverty and improvements in gender equity



Other Powering Agriculture Activities



Technical assistance (led by TetraTech)
• Powering Agriculture Xcelerator program 

(PAX) was praised, especially 
VentureWell’s business and investor advice 
and PAX workshops

• Workshops hosted by PAX helped 
accelerate development of several 
innovators’ projects

Training and Outreach
• GIZ’s training sessions for Toolbox on 

Solar-Powered Irrigation Systems (SPIS) 
and other courses and workshops train 
stakeholders in solar-powered irrigation 
techniques

• PAEGC support for attending SOCAP 
conferences highly prized, as best venue 
for meeting with social impact investors

Knowledge Management: 
• PAEGC has successfully established 

a brand 
• Program has received substantial 

amounts of positive press and is 
active on social media

Powering Agriculture Investment 
Alliance

• PAEGC would have benefited if 
Alliance had been set up earlier 

• Investment Alliance has focused on 
companies that are expanding sales; 
only a few PAEGC recipients met 
Alliance’s criteria for investment

• Still received positively by PAEGC 
innovators

Other Powering Agriculture Activities



Assessment According to DAC Principles



Assessment According to DAC Principles: Relevance and Sustainability

Relevance
– Innovators focused on technologies that benefited smallholders
–More successful innovators often targeted better-off customers, not poorest 

farmers
– Impact on gender equity difficult to measure

Sustainability
– Projects led by universities remained just pilots – did not become commercial, 

few long-term impacts
– For-profits have more incentives to survive, but may disappear over time due to 

competition and market stimulation that can encourage new entrants
– Larger, more mature organizations have had more lasting impacts
–Organizations with background in LMICs were more likely to succeed
– Expensive, complicated designs and components were less likely to be 

sustained



Assessment According to DAC Principles: Effectiveness and Efficiency

Effectiveness
–Most innovators successfully developed their technologies, three-fourths 

proceeded to market demonstration
– PAEGC fostered the growth of the solar irrigation market in Africa
– Helped mini-grid projects surmount hurdles
–Many technologies remained too expensive for poor smallholders

Efficiency
– Commercialization rate similar to U.S. innovation programs in the United States:
– Beneficiaries of larger grants more likely to commercialize than smaller projects
– Established technologies more likely to be diffused 
– PAEGC innovators, primarily for-profit companies, have mobilized 2.3 times initial 

grants in additional investment, funds 
– Timeliness has been recurring issue for PAEGC innovators, especially mini-grids



Assessment of PAEGC’s Theory of Change



Conclusions regarding PAEGC Theory of Change

• PAEGC could tap large number of new innovators 
• Innovators with experience, located in LMICs, more successful than 

those that did not have experience
• More established organizations performed better than start ups

• New technologies would help solve challenges of providing 
rural areas energy for increasing agricultural output

• Companies with existing products more successful than companies 
trying to develop new technologies from scratch

• Grants sometimes more useful for helping innovators surmount 
regulatory hurdles, expand into new markets rather than technological 
problems

• Many technologies remained too expensive for poor smallholders
• Links between renewable energy and agriculture sometimes weak



Recommendations



Recommendations for future Grand Challenges
• Project selection

• Favor innovators with experience in LMICs
• Innovators must have clear plan for eventually bringing product to market
• Put industry experts on selection committees
• Select projects in two stages

− Fund larger number of smaller projects in 1st round 
− Make successful projects eligible for larger grants in 2nd round

• Monitoring
• Only ask for information innovators have available

− Progress towards developing technology
− Sales

• Base milestones on development of business, not arbitrary targets
• Hire third-party evaluators for impact assessments

• Support
• Continue to support innovators with advice, potential funding from investors





BREAK
We will be back at 10.15am EDT/4.15pm CEST



Impact of Powering Agriculture:
On the Ground and at 30,000 feet



Panel Discussion

Helen Davies
Futurepump Ltd.

Lisa Willems
Alpha Mundi

Jiten Gelani
Promethean 

Power Systems

Keith Crane
Science & Technology 

Policy Institute
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