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UNDP EQUATOR INITIATIVE CASE STUDY SERIES
Local and Indigenous communities across the world are
advancing innovative sustainable development solutions
that work for people and for nature. Few publications
or case studies tell the full story of how such initiatives
evolve, the breadth of their impacts, or how they change
over time. Fewer still have undertaken to tell these stories
with community practitioners themselves guiding the
narrative. The Equator Initiative aims to fill that gap.
The Equator Initiative, supported by generous funding from
the German Federal Ministry for Economic Cooperation
and Development (BMZ) and the Norwegian Agency
for Development Cooperation (NORAD), awarded the
Equator Prize 2019 to 22 outstanding local community
and Indigenous peoples initiatives from 16 countries. Each
of the 22 winners represents outstanding community and
Indigenous initiatives that are advancing nature-based

solutions (NBS) for climate change and local sustainable
development. Selected from 847 nominations from across
127 countries, the winners were celebrated at a gala event
in New York, coinciding with UN Climate Week and the
74th Session of the UN General Assembly. The winners are
sustainably protecting, restoring, and managing forests,
farms, wetlands, and marine ecosystems to mitigate
greenhouse gas emissions, help communities adapt to
climate change, and create a green new economy. Since
2002, the Equator Prize has been awarded to 245 initiatives
The following case study is one in a growing series that
describes vetted and peer-reviewed best practices
intended to inspire the policy dialogue needed to
scale nature-based solutions essential to achieving the
Sustainable Development Goals (SDGs).

PROJECT SUMMARY

KEY FACTS

Launched in Kenya in 2015, Solar Freeze is pioneering the production of cold storage units—that are
both solar-powered and mobile—for small-scale rural produce farmers. This innovative entrepreneurial initiative enables farmers to reduce post-harvest
losses by 90 percent and grow more high-value
crops, thereby increasing household incomes and
reducing greenhouse gas emissions from food loss.
The initiative also supports gender empowerment,
with 80 percent of the 3,000 beneficiaries being
women. Solar Freeze’s ‘Each One, Teach One—Train
and Earn’ initiative mentors women and youth
between the ages of 18 and 29 in climate-smart
agriculture and in the operation, maintenance, and
repair of renewable-energy equipment. As a result
of this skills-transfer program, 100 young people
are earning income from work that reduces agricultural carbon emissions. By filling a key gap in the
supply chain, Solar Freeze increases smallholder
income, mitigates climate change, and supports
food security through replicable practices.
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BACKGROUND AND CONTEXT
The Eastern Province runs through the centre of the
Republic of Kenya (Kenya), spanning vast tracts of agricultural land and the jagged peaks of Mount Kenya. The semiarid region is wedged between two biodiverse areas identified by the Critical Ecosystem Partnership Fund (CEPF):
the Coastal Forests of Eastern Africa Biodiversity Hotspot
and the Eastern Afromontane Biodiversity Hotspot.
Within Kenya’s Eastern Province are Machakos, Makueni,
and Kitui counties, home to approximately 3.5 million
people. The agricultural sector plays a vital role in
supporting the local economy, mirroring a broader
national trend. Agriculture employs 40 percent of Kenya’s
total population of approximately 51 million, and more

than 70 percent of the rural population. The sector makes
up 26 percent of Kenya’s Gross Domestic Product (GDP)
and another 27 percent of the GDP indirectly through
linkages with other sectors.
Small-scale farmers in Kenya face numerous challenges,
including climate change, locust swarms, and lack of
access to newer technology and infrastructure. With much
of the country classified as arid or semi-arid, drought
and unpredictable rainfall patterns make water supplies
precarious. Some local communities also experience two
problems that seem contradictory at first glance: food
insecurity and post-harvest food wastage.

Origin and structure
Solar Freeze is a social enterprise that aims to reduce food
wastage in Kenya’s small-scale agricultural sector. The
group’s origin story is rooted in the personal experiences
of its founder and team members, who grew up watching
their parents and grandparents working on small-scale
agricultural plots. Every year, family members would
risk losing a large portion of their crop yield due to lack
of proper cold storage units. Dysmus Kisilu, the Founder
and CEO of Solar Freeze, recalls that intermediary produce
brokers would often “swoop in and offer dirt cheap prices”
for these crops. Fearing post-harvest losses, smallholder
farmers would often be forced to sell their produce at
these reduced prices. Many young Kenyans were also

encouraged to give up agricultural livelihoods in favour of
urban opportunities.
When Solar Freeze was founded in 2015, it marked a
return to the agricultural sector for many of the group’s
team members. The social enterprise team is currently
comprised of 11 young African innovators, including six
employees focused on engineering, two employees in
business and development, two employees in outreach,
and one finance and accounting employee. The Solar
Freeze team is noted for gender and youth empowerment,
with five out of 11 employees being women and an
average team age of 27 years.

“Solar Freeze, is, I believe, a game changer.”
Ruth Wanjiku, Solar Freeze beneficiary and farmer
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LOCAL CHALLENGES
Food wastage
The Food and Agricultural Organization of the United
Nations (FAO) estimates that approximately one third
of all food produced globally is lost or wasted. The
environmental impacts are immense, with 1.4 billion
hectares of land—almost 30 percent of the planet’s
agricultural land area—producing food that is never eaten.
In Kenya, between 40 and 50 percent of food is lost or
wasted throughout the entire food chain, according to the
Brookings Institute. Kenya’s National Bureau of Statistics
estimates that, during 2017 alone, approximately US$1.5

billion worth of food went to waste or was left to rot.
Lacking electricity or sufficient cold storage units, smallscale farmers in rural Machakos County incur post-harvest
losses of 40 to 60 percent. Food wastage creates significant
economic losses for small-scale farmers. As unrefrigerated
fresh produce, such as tomatoes, avocadoes, and mangoes,
starts to spoil in the heat, intermediary produce brokers
exploit farmers’ urgent need to sell, often offering subpar
prices for crops.

Climate change and land degradation
Agricultural losses have significant implications for climate
change. If global food loss and wastage were ranked
together as a country, according to FAO, it would be the
third-highest emitter of greenhouse gasses behind the
United States of America and China. Within Kenya, postharvest loss leads to economic hardship for many families,
driving some to deforest their land to seek income. In the

words of Solar Freeze’s CEO, “When farmers incur significant
losses, they end up cutting down more trees to make
room for more land to plant extra crops as compensation.”
Such deforestation removes nature-based carbon sinks
and releases carbon dioxide into the atmosphere, both
contributing to climate change.

Poverty and food insecurity
Poverty in Kenya contributes to high levels of food
insecurity, particularly in rural regions. The World Bank
estimates that 36 percent of Kenya’s population lives on
less than US$1.90 per day. According to the Kenya National
Bureau of State, approximately 12 million people across
the country are food poor, with more than two thirds of
them living in rural areas. Food insecurity is also a gender
issue, as women-headed households are more likely to be
food insecure than those headed by men.

Reducing food loss and wastage remains an important
method for eradicating hunger and food insecurity. FAO
and the World Bank both project the post-harvest sector,
including the cooling, cleaning, sorting, and packing
stages of production, will account for 47 percent of the
$940 billion in investments needed to eradicate hunger in
sub-Saharan Africa by 2050.
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Lack of electricity and refrigeration
More than 789 million people globally lack access to
electricity, according to the World Bank. Many of them are
smallholder farmers. In Kenya, few smallholder farmers
have access to cold storage facilities or refrigerated
transportation. The widespread lack of refrigeration

infrastructure can be attributed to the large expense of
buying cooling units, as well as the unreliability of local
electricity supplies. This lack of infrastructure results in
widespread spoiling of fresh produce during the postharvest process.

“What we do is provide access to productive use assets for small
scale farmers, such as solar powered cold storage, so they can
reduce the huge challenge of post-harvest loss and increase their
productivity in terms of agriculture.”
Dysmus Kisilu, Founder and CEO of Solar Freeze
6

LOCAL RESPONSES
Solar-powered cooling units
Solar Freeze is pioneering mobile solar-powered cold
rooms that smallholder farmers can use to store fresh
produce. By lowering temperatures, the cold rooms
inhibit microbial growth, significantly extending the shelf
life of fruits and vegetables. Depending on the type of
produce, the shelf life can be extended by up to 40 days.
These solar-powered mobile units offer a climate-sensitive
alternative to diesel generators, catering specifically to
rural communities that may not be connected to the
electrical grid.
Farmers gain access to solar-powered cold storage units
through a sharing economy, which reduces the costs of
accessing this valuable infrastructure. Rather than needing
to purchase the expensive units, smallholder farmers

can instead borrow or rent the units, which are owned
by another party. Smallholder farmers request access to
the units from their mobile phones, using an internetconnected turnkey solution, SMS texting, Unstructured
Supplementary Service Data (USSD), or voice messages.
A transaction fee of US$0.10 to $0.50 per day per crate of
produce for the use of renewable energy applies.
Solar Freeze is currently supplying cold storage units in
Kenya’s Eastern Province, including Machakos, Makueni,
and Kitui counties, as well as in the Kakuma Refugee
Camp in Kenya’s North Eastern Province. By reducing
spoilage and losses, Solar Freeze fills a crucial gap in the
agricultural supply chain, increasing smallholder income
and supporting food security.

KEY IMPACTS
Solar-powered cooling units
■
■
■
■
■
■

Solar-powered cold storage units reduce post-harvest fresh produce losses by 90 percent, reversing
both farmer financial losses and carbon emissions.
Affordable refrigeration allows smallholder farmers to grow higher-value crops and sell produce at
optimum prices, increasing household incomes by an average of 200 percent.
Approximately 3,000 smallholder farmers directly benefit from solar-powered cold storage units.
Supporting gender empowerment, approximately 80 percent, or 2,400 farmers, are women.
Diesel-powered generators are used less frequently for cold storage, reducing direct carbon emissions.
Deforestation rates have fallen, reducing slash-and-burn-related carbon emissions and increasing
carbon-sequestration abilities of forests.
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Micro-franchise entrepreneurship
Solar Freeze has pioneered a ‘hub-and-spoke’ business
model that empowers women to be independent microfranchise entrepreneurs. Solar Freeze owns and operates
successful solar-powered cold storage centres, known
as ‘hubs,’ which support farmers through the sharing
economy. ‘Hubs’ demonstrate best practices for food
preservation. Using these ‘hubs’ as models, Solar Freeze

has launched a social franchising program to support local
women to own and operate their own solar-powered cold
storage micro-businesses, or ‘spokes.’ Outreach officers
visit women-led ‘spoke’ businesses on a weekly basis to
provide ongoing mentorship and quality assurance on
food preservation and safety.

KEY IMPACTS
Micro-franchise entrepreneurship
■
■

Solar Freeze has trained more than 200 women in rural Kenya using the ‘hub-and-spoke’ model,
enriching their understanding of renewable energy and improving their livelihoods.
Solar Freeze has established 15 ‘hubs’ and 30 ‘spokes’ as part of a growing, sustainable microfranchise model.

“The future of the Sustainable Development Goals (SDGs) depends on
inclusive growth that incorporates rural small-scale women farmers to
engage in profitable business powered by renewable energy to help feed
the future and deliver a prosperous economy. Solar Freeze is proud to
be at the forefront offering relevant solutions to Kenyan communities.”
Dysmus Kisilu, founder and CEO of Solar Freeze
8

Mentoring and training
Solar Freeze founded ‘Each One, Teach One—Train and
Earn,’ a capacity-building initiative that trains women
and young people between the ages of 18 and 29 in
the operation, maintenance, and technical handling of
solar-powered equipment. The initiative’s customized

curriculum provides each learning cohort with mentorship;
hands-on experiences, such as developing a portable
irrigation kit; instruction in climate-smart agriculture;
pairing with university-based solar-energy students; and
presentations from speakers in the industry.

KEY IMPACTS
Mentoring and training
■
■

As a result of the skills-transfer program, 100 young people are learning and earning an income.
The customized curriculum increases awareness of the renewable energy sector.

Bio-alkanol
Illustrating its commitment to innovation in sustainable
development solutions, Solar Freeze piloted a project that
converted discarded fruit peels into a low-cost clean fuel
called bio-alkanol. This thick liquid fuel, which is composed
of alkanol, cellulose, and water, can be used for cooking,
heating, and lighting. During piloting, Solar Freeze used
the sugars from mango, banana, watermelon, orange,
and papaya fruit peels, as well as eggshells, as the raw
material for this fuel, converting the peels into cellulosic-

alkanol and the shells into calcium acetate. The resulting
innovative product, which retailed for US$0.80 per litre,
the same price as conventional fuel in Kenya, provided a
cheap, accessible biofuel alternative to petroleum-based
products. Although Solar Freeze ceased operating its bioalkanol project in 2020 due to thinning business margins,
the operation demonstrates Solar Freeze’s innovative
approach to sustainable development that will continue
to drive its future strategies.

KEY IMPACTS
Bio-alkanol
■

During the pilot project, Solar Freeze sold bio-alkanol monthly to 50 retail vendors, which then sold to
250 households, demonstrating demand for biofuel.
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DATA, MONITORING, AND REPORTING
Solar Freeze’s initiatives support the goals, including Article
(7) on Identification and Monitoring, of the Convention on
Biological Diversity (CBD), which Kenya signed in 1992 and
ratified in 1994. The group’s work specifically contributes
to reporting on multiple National Targets (NTs) outlined
in Kenya’s National Biodiversity Strategy and Action Plan
(NBSAP), the national policy instrument that supports
implementation of the CBD, as well as implementation of
the global Aichi Biodiversity Targets (ABTs). Solar Freeze’s
data collection, monitoring, and reporting initiatives can
be leveraged to support the development of national
reports on implementation, which are periodically
required of Parties to the CBD.
Solar Freeze engages in monitoring through both data
collection and reporting activities that measure initiatives’
impacts. For example, Solar Freeze monitors contributions
to sustainable agriculture, clean energy, and food security
by collecting data from beneficiaries. Solar Freeze conducts monthly in-person and phone surveys. As another
example, Solar Freeze provides real-time web and mobile
access to the cold storage management system through
an App and Internet of Things (IoT) platform. The social

10

enterprise uses an IoT sensor to notify the central office
about the temperature, location, and number of people
accessing Solar Freeze’s cold units. This information is
collected twice daily and relayed via Global Systems for
Mobile communications (GSM), so that when the internet
connection is down, the main office receives data via SMS.
Though Solar Freeze was not directly involved in Kenya’s
Sixth National Report (6NR) to CBD, Solar Freeze’s
monitoring efforts provide a rich source of data that could
be highlighted in future national reports. Solar Freeze’s
monitoring initiatives could specifically enrich Section
II of Kenya’s 6NR on National Targets (NTs). For example,
Solar Freeze’s monitoring efforts can enrich reporting
within 6NR Section IV related to NT 4, which states that
“governments, businesses and stakeholders [should]
achieve or have implemented plans for sustainable
production and consumption,” and keep the impacts of
using natural resources within “safe ecological limits.” By
using solar-powered cooling technology, Solar Freeze has
increased access to cleaner food production technologies,
reducing food wastage and leading to more sustainable,
efficient consumption.

POLICY IMPACTS
National policy impacts
Solar Freeze’s work is influencing policy at local and
national levels. For example, as a direct result of Solar
Freeze’s initiatives, Makueni County has implemented
climate-smart agricultural practices in its government
policies and programmes, including increasing access to
solar irrigation kits, solar cold storage, and solar home
systems for smallholder farmers.
At the national level, Solar Freeze is also helping Kenya
further implement a range of NTs in its NBSAP. For example,

Solar Freeze’s efforts to reduce food production wastage
through solar-powered cooling units contribute to NT
4, which provides specific 2020-based goals related to
sustainable production and consumption. Moreover, Solar
Freeze’s efforts support Kenya’s Green Economy Strategy
and Implementation Plan (GESIP), which is geared towards
helping Kenya “attain [a] higher economic growth rate . . .
while promoting economic resilience and resource efficiency [and] sustainable management of natural resources.”

Contributions to the global agenda
At the global level, Solar Freeze supports the implementation of several important multilateral agreements,
including the Convention on Biological Diversity (CBD),
the United Nations Framework Convention on Climate
Change (UNFCCC), and the 2030 Agenda for Sustainable
Development (2030 Agenda).
Related to the CBD, Solar Freeze’s work contributes to
the ABTs, key global 2011-2020 biodiversity priorities,
which are aligned with multiple NTs in Kenya’s NBSAP. For
example, by reducing food wastage, minimizing the use of
diesel generators, and converting fruit peels into biofuel,
Solar Freeze’s initiatives support ABT 4, which sets goals
for achieving sustainable production and consumption.

income of smallholder farmers through a reduction in food
wastage, Solar Freeze supports the goals of no poverty
(SDG 1), zero hunger (SDG 2), and life on land (SDG 15). Solar
Freeze’s ‘Each One, Teach One’ training program and ‘huband-spoke’ business model support the goals of quality
education (SDG 4), gender equality (SDG 5), and decent
work and economic growth (SDG 8).

Additionally, Solar Freeze’s work in the renewable energy
sector aligns with the UNFCCC’s Kyoto Protocol, which
Kenya ratified in 2005.
The work of Solar Freeze likewise contributes to the achievement of numerous Sustainable Development Goals (SDGs)
of the 2030 Agenda. For example, Solar Freeze’s mobile
solar-powered cooling units, which are deployed through a
sharing economy, support the goals of affordable and clean
energy (SDG 7), responsible consumption and production
(SDG 12), and climate action (SDG 13). By increasing the
11

REPLICATION, SCALABILITY, AND SUSTAINABILITY
Replication
Solar Freeze’s innovations have not yet been formally
replicated by other NGOs, businesses, or government
agencies. However, like-minded social entrepreneurs are

also pioneering the use of mobile solar-powered cold
storage units in Nigeria to combat food wastage.

Scalability
Solar Freeze is notable for its scalability. Though Solar Freeze
began by providing cold room storage units for 500 to 600
smallholder farmers, it recently partnered with the United
States Agency for International Development (USAID) and
the local county governments in Kenya to expand the
initiative to 2,000 smallholder farmers. Solar Freeze has

also established partnerships with the local governments
of Machakos and Makueni counties to reduce post-harvest
loss. Moreover, through its ‘hub-and-spoke’ model, Solar
Freeze is able to easily scale up, allowing more women
to own and operate solar-powered cold storage units as
independent micro-franchise entrepreneurs.

Sustainability
The funding outlook for Solar Freeze is bright, having
garnered the attention of high-profile partners such as
USAID, the Bill and Melinda Gates Foundation, Echoing
Green, Enel Green Power, and the Massachusetts Institute
of Technology (MIT) D-Lab. After witnessing the impact
of the micro-franchising model, local community-based
organizations have also given Solar Freeze access to land
through favourable lease agreements.

Solar Freeze has raised US$850,000 for 2020-2021 programming. These funds will be used to deploy 150 portable solar-powered cold storage units benefiting 10,000
smallholder farmers in rural Kenya. A portion of this funding will also be used to train young people in technical
skills required to maintain these units in local communities. Solar Freeze initially aimed to work with 200 young
people, but given the challenges posed by COVID-19, the
number has been revised to 80.

FUTURE PLANS
Within five years, Solar Freeze aims to significantly scale up its operation by serving 2 million smallholder
farmers in East Africa. This growing social enterprise aims to provide farmers with internet-connected turnkey
solutions to access solar-powered cold rooms. This will continue to reduce food loss, increase agricultural
output, and increase smallholder farmer income, while reducing carbon emissions and pressures on forests.
Solar Freeze has recently formed partnerships with Google SDG Accelerator, USAID, and the local county
governments of Kitui, Machakos, Makueni, Kiambu, Nyandarua, and Nyeri to fulfill this vision.

PARTNERS
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PARTNERS
■

■

■
■

Bill and Melinda Gates Foundation: Provided
funding for Solar Freeze’s ‘Each One, Teach One—
Train to Earn’ program.
Echoing Green: Provided funding for installation,
maintenance, and operation of solar-powered cold
storage units through the Echoing Green Climate
Fellowship.
Enel Green Power: Provided seed funding for Solar
Freeze.
Google SDG Accelerator: Providing training and
mentorship for Solar Freeze’s Internet of Things (IoT)
platform.

■

■

■

Kitui, Machakos, Makueni, Kiambu, Nyandarua,
and Nyeri county governments: Provided access to
a network of more than 800,000 smallholder farmers
across Kenya.
Massachusetts Institute of Technology (MIT) D-Lab:
Provided financial and technical support for Solar
Freeze renewable energy.
United States Agency for International
Development (USAID): Provided financial and
other support for Solar Freeze programming and
promotion.
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