TECHNOLOGY CASE STUDY:
Clean Energy Cold Storage
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INTRODUCTION

The Clean Energy-Agriculture Nexus

Agriculture is the main means of livelihood for 2.5 billion people worldwide,' primarily in developing
countries, where approximately 45 percent of the population relies on agriculture as a chief source
of income.! A strong agriculture sector is crucial for economic development, accounting for as much
as 30 percent of developing countries’ gross domestic product.?® For these countries, increased
agricultural productivity is a key driver of food security, income generation, and improved quality

of life in rural areas.’

Increasing agricultural productivity will require access to increasing amounts of energy. Today, food
production accounts for 30 percent of global energy consumption,* and energy use will continue to
grow as the world’s population rises. The Food and Agriculture Organization of the United Nations
predicts that between 2006 and 2050, food production will need to increase by 170 percent to
accommodate a 130 percent rise in global population.®

Clean energy services offer a sustainable alternative to meeting agricultural demand. By deploying
clean energy technologies, farmers can mechanize operations, process raw products to add value
to commodities, and extend the shelf life of produce through refrigerated storage.®

The relationship between clean energy and agriculture is a virtuous cycle that can be harnessed to
maximize developmental impacts in rural areas. The cycle begins by providing poor, rural families
access to cleaner, more affordable energy, which can improve community health and provide more
opportunities to earn income.* Farmers can both diversify and increase agricultural production using
affordable energy.* With increased income, households and communities can purchase more energy.’

This increase in energy demand can enable new or improved energy products and services,' which
can create more opportunities to enhance livelihoods and strengthen the energy-agriculture cycle,
as illustrated in Figure 1.

Figure 1 THE ENERGY AND AGRICULTURE VIRTUOUS CIRCLE®
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Recognizing the interconnectedness of clean energy and agriculture, the U.S. Agency for International
Development (USAID), the German Federal Ministry for Economic Cooperation and Development
(BMZ), and the Swedish International Development Cooperation Agency (Sida), along with the
Overseas Private Investment Corporation (OPIC) and Duke Energy, founded Powering Agriculture: An
Energy Grand Challenge for Development. This partnership supported the piloting of new and more
sustainable approaches to accelerate the deployment of clean energy solutions to increase
agricultural production and value in developing countries. Powering Agriculture selected 24 innovators
through a competitive process to receive funding for clean energy pilot projects, such as solar pumps,
cold storage, and micro-grids. Their experiences informed the development of this case study.

Benefits of an Uninterrupted Cold Chain

Thirty percent of food produced globally is lost
post-harvest.” Chilling harvested crops reduces g Critical to the production

spoilage, thus improving the income of each person who grows, of many agricultural

harvests, transports, or sells agricultural products. For some products, cold storage is
agricultural products like milk and cut flowers, cold storage is energy-intensive and faces
critical to accessing profitable regional, national, or international many other challenges.

markets. Cold storage also allows farmers, processors,
distributors, and retailers to take advantage of price fluctuations
in the market (e.g., store their product when prices are low and wait to sell when prices are high).

However, a lack of access to reliable grid electricity in rural areas of developing countries has hindered
the introduction of conventional cold storage technologies. Now, Powering Agriculture innovators

and other clean energy solution providers are introducing new cold storage technologies designed
specifically for off-grid and weak-grid markets.

A cold chain is the “uninterrupted handling of the product within a low temperature
environment during the post-harvest steps of the value chain including harvest,
collection, packing, processing, storage, transport, and marketing until it reaches
the final consumer.”

While agricultural products can spoil at any point along the agricultural value chain, losses
disproportionately occur within the “first mile” between harvest and processing. Any short-term
interruption in the cold chain will reduce product shelf life. For this reason, many technology providers
seek to maximize shelf life and user benefit by maintaining low temperatures through all stages of the
agricultural value chain. They are also targeting smallholder farmers, who incur two-thirds of overall
food losses.” The German International Development Agency (GIZ) found that improving access to



refrigeration could prevent the spoilage of up to 23 percent of the perishable foods currently produced
in these countries.”

This paper highlights successes and challenges associated with introducing clean energy-powered
cold storage equipment into developing communities, and provides recommendations for donors
and technology providers wishing to promote usage of cold storage in these communities.

A dairy worker collects samples to measure milk quality. Photo courtesy of Powering Agriculture.



APPROACHES TO SERVING THE MARKET

The promised benefits of reduced post-
harvest crop loss or smoothing price
fluctuations are a strong incentive for
industries in emerging markets to install
cold chain infrastructure. However, to
realize this benefit, an agricultural industry
must have access to reliable power and
sophisticated, aggregated supply chains.

Cold storage is more challenging to
incorporate into a product supply chain
that moves through many different sets of
hands because each individual producer,
aggregator, transporter, wholesaler,

or retailer has little control over the
temperature to which produce is exposed
before or after their involvement. Cold
storage technology providers in emerging
markets, including ten Powering
Agriculture innovators operating in Africa
and Asia (Table 1), are fine-tuning their
approach to powering cold storage and
identifying their customers to increase
cold storage penetration.

Table 1 POWERING AGRICULTURE COLD STORAGE
INNOVATORS AND PRODUCTS

INNOVATOR

Ariya Finergy

Amped Innovation

ColdHubs

CorpoCampo

InspiraFarms

Promethean Power Systems

Rebound Technologies

SimGas

SunDanzer

Thermogenn

PRODUCT DEVELOPED

Rooftop solar arrays for
commercial farms

Low-cost solar ice makers

Cold rooms where farmers
can rent shelf space

Acai berry transporter,
processor, and importer

Low-cost walk-in
refrigerators and freezers

Large-scale milk chillers with
multi-hour thermal storage

Adsorption chiller that uses
solar thermal power to
regenerate the working fluid

Small-scale biogas-powered
absorption milk chiller

Small-scale, battery-free
solar photovoltaic (PV)
milk chiller

Milk thermization process
using biogas heating and
evaporative cooling
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A milk tanker picks up milk from a rural collection point in Tanzania. Photo courtesy of Powering Agriculture.



Target Customers

Cold storage uses in rural areas are diverse, and technology providers target a range of

customer segments. Customer segments in cold chain markets vary in the number of people
they employ and their access to machines, land, and energy. While studies show that the greatest
losses often occur in the first mile, agribusinesses, aggregators, farmer associations, and retailers often
have greater capacity (e.g., resources and know-how) for adopting cold storage solutions.

Smallholder farmers. Smallholder farmers usually operate on land plots of less than

two hectares in rural areas and own comparatively few production-enhancing assets.”

Due to their inability to access financing, they often cultivate labor-intensive, low-

value crops using simple cultivation techniques, resulting in high rates of poverty.
This introduces constraints on the price points of, and financing options for, cold chain products
marketed to smallholder farmers.” Technology providers often resort to providing in-house asset
financing to smallholder farmers who cannot access credit. Though this may increase sales, it
paradoxically reduces short-term company cash flows and the amount of money available for company
growth. Additionally, low population density in rural areas, low margins collected on each unit sold, and
low sales conversion rates realized when selling to smallholder farmers all increase the customer
acquisition costs for technology providers.

— ( Agribusinesses. With sizable staff, average plots above 20 hectares, and access
& to productivity-enhancing technologies like tractors, irrigation, and fertilizers,
agribusinesses another potential customer base for cold chain solution providers.
Their increased productivity can result in more consistent harvests, and their scale
and sophisticated operations can unlock access to local financing. Agribusinesses also spend a
significant amount of money on their production inputs (e.g., seed, water, labor, fertilizer, and animal
feed), so post-harvest spoilage represents a large monetary loss on their balance sheets. In many cases,
these post-harvest losses are larger than the cost to operate the cold storage equipment. Two Powering
Agriculture innovators have successfully sold to agribusinesses as their target market: Ariya Finergy to
large-scale flower farms in Kenya, and Promethean Power Systems to industrial dairies in India.

"

sums for the fruit, produce, or animal products they acquire, so losses due to spoilage represent a
significant loss of revenue that is meant to cover expenses paid to farmers. Aggregators may handle
even larger quantities of produce than agribusinesses and benefit from economies of scale in cold
storage equipment. They are more likely to find cold rooms for storing and ripening crops, like those

Aggregators. Agriculture product aggregators (e.g., middlemen who collect crops
C from multiple farms and transport them to markets or processors) benefit from cold

ok
©

chain solutions. Aggregators collect, store, or transport larger quantities than a

typical farmer can produce. Like agribusinesses, aggregators pay significant

provided by InspiraFarms, to be cost-effective cold storage solutions (see Box 1).



Promethean Power Systems targets aggregating milk processing and distribution centers in India. Its
product offering includes a refrigeration system that stores thermal energy in order to provide steady
cooling capabilities, even in the face of intermittent power supply. Promethean’s systems benefit both
dairy farmers and dairies by allowing dairies to open milk collection centers closer to the edge of the
electricity grid, reducing the distance between off-grid dairy farmers and milk chilling facilities, and by
improving the quality of milk and associated revenue for the processor (Box 2 further explains
Promethean’s customer segment selection).

Farmer associations. Farmer associations can function as aggregators serving groups of
%‘ member smallholder farmers. They can offer technology providers the same advantages as

aggregators while providing more direct benefits to their members. Farmer associations can

aggregate the harvests of their members (yielding higher and more consistent harvests than
individual smallholder farmer members) and connect them to markets. As a result, these associations
may be able to access external sources of funding. The farmer association members would be able to
take advantage of both spoilage reduction and price fluctuations. In selecting their intended end-use
consumers, Rebound Technologies — a Powering Agriculture innovator that developed an adsorption

BOX I:

INSPIRAFARMS’ LOW-COST, MODULAR COLD ROOMS

InspiraFarms provides food producers, processors, and
distributors in developing countries with low-cost walk-in
cold rooms that reduce post-harvest and operational costs.

InspiraFarms’ two products, 30 square meter and 120 square
meter refrigerated cold rooms, provide energy efficient
operation and thermal storage to maintain temperatures
during power outages. The products are modular, allowing
customers to purchase only the amount of cold storage they
need and subsequently grow their cold storage capacity with
their production. Aggregators and farmers associations like
the Nyamarura Farmers’' Cooperative, a milk cooperative

based in Kenya, and Fair Fruit, a produce exporter based in

Guatemala, use InspiraFarms’ cold storage equipment to Cold storage technologies delay spoilage, preventing
loss of revenue throughout the agricultural supply

decrease losses in their supply chains. chain. Photo courtesy of Powering Agriculture.



refrigeration cycle based on a water and sugar alcohol mixture — found farmer associations to be an
attractive market segment where smallholder farmers with the awareness and resources to pursue the
technology could be early adopters.

- Retailers. Retailers purchase agricultural products from aggregators and sell them to

consumers, ranging from a stall in a market to a large supermarket chain. Cold storage

solutions for retailers enable businesses to store and display products for extended time
periods without significant spoilage. Customers may also be willing to pay a premium

for chilled products, like drinks. Powering Agriculture innovator Thermogenn found that several

customers had converted their EvaKuula evaporation cooler, another technology supported by Powering

Agriculture, to sell chilled sodas to thirsty customers. Innovator SunDanzer also piloted a refrigerated

milk retail store, the Milk ATM, in rural villages to increase rural Rwandans’ access to milk.

Value Propositions
This section reviews common value propositions as presented to customers by Powering

=

Agriculture’s innovators.

Powering Agriculture’s innovators’ experience shows that having a clear,
well-researched value proposition tailored for a targeted customer
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group is critical to convincing customers to adopt cold storage.

Provide flexibility to store crops on the farm until the farmer can sell them. Many tasks on a farm are
time-sensitive and weather-dependent. For example, hay rots if it gets wet after it is cut, so if rain
threatens, the farmer will have to move the hay out of the field rather than spend the day selling
tomatoes in the market. Farmers value the flexibility that cold storage provides so they can attend to
unplanned, time-sensitive tasks. This value proposition will benefit the farmer when the value of the
crops that would normally spoil before the farmer can sell them is greater than the cost to buy and
operate the cold storage equipment.

Reduce losses within the supply chain. Aggregators hope to buy agricultural goods from many farmers
cheaply, then resell the same goods to a wholesaler or multiple retailers with enough markup to make a
profit. Technology providers’ value proposition for aggregators is similar to that offered to smallholder
farmers: cold storage reduces spoilage and increases the time that aggregators can store agriculture
products while they wait for favorable market prices. However, the value proposition is larger for
aggregators, who are even more sensitive to spoilage than smallholder farmers as they operate at a
significantly larger scale and pay more to buy products from farmers than farmers spend to grow them.



For example, CorpoCampo is an aggregator of Colombian agai berries that needs to use cold storage
from the farm gate to the factory in order maintain the berries’ nutritional content. Promethean
exclusively targets dairies (milk aggregators) for its Rapid Milk Chiller with thermal storage that can
bridge power outages.

Sell more night milk. Dairy cows need to be milked twice a day, once in the morning and again in the
evening. However, milk collection centers are generally only open during the day. “Evening milk;” which
the centers do not collect, represents roughly 40 percent of a dairy cow’s milk production.

If the farmer does not have access to milk chillers, the evening milk must be consumed or sold at
informal local markets (e.g., hawkers and neighbors) at below-market value. Access to milk chillers
allows farmers to combine their morning and evening milk and substantially increase their daily milk
sales. Several Powering Agriculture innovators are developing or have developed clean energy-powered
milk chillers targeting smallholder farmer customers, including Thermogenn and SunDanzer.

Reduce fossil fuel consumption. Cold storage machinery requires continuous power and some
applications, like cold rooms or walk-in freezers, can be large loads. In some markets, clean energy can
supply this power at lower lifetime costs than conventional energy sources. Diesel fuel is commonly
used as a primary fuel in off-grid areas and as a backup fuel in areas with weak grids. Diesel generation
maintenance and fuel costs to provide 24-hour power to cold storage are high, and in many cases,
substituting clean energy power for diesel power can save the customer money. Switching to clean
energy cold storage also increases energy cost predictability for customers. Ariya Finergy sells solar
arrays to flower farms in Kenya that consume large amounts of electricity to power large cold rooms.
The electricity tariff of the Kenyan electricity utility, Kenya Power (KPLC) is benchmarked to the global oil
price and the Kenyan Shilling exchange rate, so ratepayers cannot predict future rates. The farmers that
bought Ariya Finergy's solar arrays to power their cold storage equipment were eager to lock in
electricity prices and reduce their dependence on KPLC electricity.'



BOX 2:

THERMAL STORAGE REFRIGERATION AT MILK
PROCESSING FACILITIES S

In rural India, smallholder farmers collect milk from
their cows and take it to village collection centers to
access the market. There, milk is ideally cooled and
stored before being transported to distant processing
plants. However, because grid power in rural areas

is intermittent, most dairy processors forego chilling
at the source. Instead, they collect milk at ambient
temperatures and transport it to centralized chilling

centers, where conventional refrigeration units are
used. Because milk warms quickly in these units when
the power goes out, expensive diesel generators are
used to provide backup power. However, when there is
no power, milk tankers coming to the collection point

may not be able to operate their pumps to transfer

Checking milk temperatures in a Promethean cooling
the milk. system in rural India. Photo courtesy of Promethean
Power Systems.

Powering Agriculture innovator Promethean Power Systems targets this issue in two ways.

Their Rapid Milk Chiller system stores cooling capacity in a “thermal battery” that provides reliable,
uninterrupted cooling close to where milk is produced, reducing the time that milk remains
unchilled by as much as 75 percent. Solar-powered auxiliary equipment powers pumping
equipment that allows milk to be transferred to transport even when the grid is down, without the
need for expensive and polluting diesel-powered generators. By eliminating the need for diesel
backup at grid-connected collection centers, Promethean estimates that its Rapid Milk Chiller
reduces the cost to chill a liter of milk by 60 percent. Promethean’s technology allows milk
collection centers to be located closer to the edge of the grid where power is more intermittent,
meaning smallholder farmers benefit from the increased number and closer proximity of milk
collection centers with reliable, cost-effective refrigeration.

Since the end of its Powering Agriculture award, Promethean has signed long-term leasing
contracts with clients who prefer to rent the technology rather than buy it. The company has
installed more than 1,200 units across India and has exported systems to Tanzania, Bangladesh,
and Sri Lanka.'?



Innovations in the Clean Energy Cold Storage Space

Cold storage technology providers see an opportunity to develop new technologies and
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providers are exploring a range of new and innovative approaches to incorporating clean energy,

related business models specifically adapted to off-grid and weak-grid markets. These

reducing costs, and increasing the accessibility of these technologies.

Battery-less solar operation. It is common for solar systems powering continuous loads — like
compressors in a refrigerator or air conditioner — to use batteries to ensure worry-free operation

at night and during cloudy weather. However, batteries can add significant capital, operation, and
replacement costs. Several cold storage technology providers, like SunDanzer, have designed products
that run without the need for battery storage: the power produced by a solar panel is directly consumed
by the compressor without an intermediary battery. These refrigerators are designed to draw down the
cooling chest temperature during the day and minimize cooling losses at night.

Thermal storage. Adding thermal storage reduces the temperature rise within cold storage when access
to power is cut. Phase-change materials or large masses made of water or stone are cooled when power
is available and then maintain a steady temperature within a cooling chest when power is not available.
This is very important in battery-less solar-powered equipment or for systems that need to operate
during a grid blackout. Promethean has developed a thermal storage technology that allows dairies to
chill large quantities of milk during grid power outages, and SunDanzer's battery-less solar-powered
refrigerator operates on a similar principle.

Flatter PV generation curves. When designing battery-less solar systems for cold storage equipment,
maximizing daily runtime is more important than maximizing daily energy production. Typical solar
panel mounting practices (e.g., mount a single solar panel facing the north or south depending

on location) maximize daily energy production, but do not produce the longest daily compressor
operation time. The compressor motor only turns on once a solar panel’s power production exceeds a
specific value in the morning, and the motor turns off when the panel’s power production drops below a
specific value in the evening. SunDanzer found that mounting one panel facing East and a second panel
facing West generates enough power to run the compressor earlier in the morning and later in the
evening, increasing compressor runtime by two to three hours per day. The cost of the two small panels
is significantly less than one large panel that yields the same daily runtime.

Biogas-powered refrigeration. Two Powering Agriculture innovators, SimGas and Thermogenn,
developed milk chilling processes that are fueled by cow manure-fed biogas digestors. The use

of biogas to power milk refrigeration is conceptually appealing because it capitalizes on a readily
available waste stream (cow manure) to produce energy. Additionally, the biogas digestors produce a
concentrated fertilizer slurry that can be applied to dairy farmers’ fields to boost production. Burning
biogas in an absorption refrigerator or burner for thermization (low-temperature pasteurization) also
uses less energy and is less technologically complex than consuming the biogas in an engine or
generator to power a vapor compression refrigerator.



SimGas designed several biogas-powered absorption refrigerator prototypes sized for smallholder
farmers with three to ten cows that can be attached to SimGas-designed biogas digestors and run
alongside other appliances, such as biogas stoves. Thermogenn developed a two-step biogas-
powered thermization and water quenching/evaporative cooling process that retards bacterial
growth in milk. Both allow off-grid dairy farmers to preserve milk gathered in the evening for sale to
dairies the following morning.

Customer financing. The cost of renewable energy-powered cold chain equipment is higher than what
most market participants can afford out of pocket. In addition, local financial institutions

are frequently unwilling or unable to lend to customers that do not have a credit history or want to
borrow relatively small loans. As a result, the development of customer financing innovations has been
as important as coupling innovative renewable energy sources with cold storage equipment.
Technology providers and Powering Agriculture innovators are experimenting with several ways to
extend their own customer financing to fuel sales. SimGas designed a lease-to-own model to make
payments as affordable as possible for smallholder farmers in Kenya and Tanzania, and reduce the
risk of customers defaulting on payments. Following a down payment, small installments are paid to
rent its biogas-powered system until full ownership is attained. Similarly, InspiraFarms offers 12- to 36-
month leases for cold storage rooms, with installments payable every six months after a 20 to 50
percent down payment.'* Thermogenn and SunDanzer explored adding pay-as-you-go (PAYGO)
hardware modules to their chillers, although they have yet to develop a specific financial product.

Chilling as a service. Innovators including Promethean and ColdHubs are adopting business plans
where they provide chilling as a service rather than selling refrigeration equipment. The lack of
financing available to smallholder farmers can be a significant barrier to technology providers’ growth,
but chilling services allows customers to pay per-usage of the chilling equipment and removes the
need for customer financing. The search for financing is thus shifting to the technology provider, who
is better positioned to receive financing from national and international investors and donors.



BOX 3:

COLDHUBS PILOT: PAY-AS-YOU-STORE

ColdHubs, a Powering Agriculture innovator in _— 1

Nigeria, installs and operates off-grid, solar PV-
powered cold rooms for agriculture retailers,
wholesalers, and even smallholder farmers.
ColdHubs utilizes a PAYGO financing model, where
customers pay 100 Nigerian naira ($0.50) to

store one crate of agricultural produce per day.'®
Company managers monitor the crate storage
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and collect fees. As of August 2017, the company A ColdHubs solar-powered cold room prototype at Owerti
. . c Relief Market, Imo State Nigeria. Photo courtesy of

had installed five ColdHubs with 100 percent ey ——

capacity utilization, and plans to expand across

Nigeria and into other African markets."

Proper cold storage retains the freshness of milk and reduces losses throughout the agricultural value chain. Photo courtesy of SimGas.



CHALLENGES TO SCALING UP
COLD STORAGE

In emerging economies, clean energy cold storage is a nascent market and technology providers are
struggling to achieve market penetration, particularly with smallholder farmers. They face the following
common challenges:

Refrigeration requires a level of access to renewable energy that is challenging and expensive to
provide. Cold storage equipment runs nearly continuously and requires more energy availability than
other clean energy technologies like solar home lighting, agro-processing, and water pumping. Providing
this level of energy adds to the cost of cold storage equipment. A Powering Agriculture analysis
indicates that milk chillers and refrigerators for smallholder farmers are 50 to 250 percent more
expensive than the solar irrigation pumps developed by Powering Agriculture innovators and can be
prohibitively costly for smallholder farmers. Even Promethean’s current milk chiller with thermal storage,
which was designed primarily for aggregators, uses grid energy to power its compressor because the
capital costs for a solar-powered prototype were too high for its dairy customers.

Technology providers have difficulty identifying smallholder farmers that respond to their value
propositions. A significant fraction of a smallholder farmers' yield is lost to spoilage before it

even leaves the farm gate. This loss represents an attractive business opportunity for cold storage
technology providers. However, smallholder farmers are frequently skeptical about the need for cold
storage and the ability of clean energy to power farm machinery. Smallholder farmers typically
encounter clean energy in the form of solar home lighting, so they have limited awareness of clean
energy-powered farm equipment. Also, while demand for domestic cold storage equipment is high, it is
seen as a luxury good and willingness to pay is low because many smallholder farmers have adapted to
a lack of access to the technology.’ It is not clear to smallholder farmers that clean energy cold storage
products are cheap enough or have a sufficiently quick return on investment to warrant a change in how
they harvest and store their crops. Some technology providers find it easier to market to aggregators
who already see value in owning cold storage and only need to be convinced of the benefits of switching
from conventional-powered to clean energy-powered equipment.

Developing clean energy-powered cold storage solutions to targeted customers in off-grid agricultural
communities is further complicated by the disparate industries represented, including meat, dairy,
horticulture, retail, home use, et cetera. Each of these customer segments’ usage requirements are
relatively unique, and it is hard for cold storage solution providers to design a product that has broad
appeal across multiple market segments. Thus, to enter a different market segment, it is necessary for
technology providers to conduct a new customer discovery effort and potentially re-engineer the
technology to a new application. Powering Agriculture observed multiple innovators’ attempts to push
technology prototypes into a market before a thorough customer discovery was conducted; examples



included misidentifying the amount of evening milk that is sold into informal markets before it spoils, and
underestimating the psychological effect of asking a customer to purchase a biogas digestor and milk
chiller simultaneously.

Alternative chilling technologies require additional technology and market development to come to
market. The most common refrigeration technology available is vapor compression, a mature technology
that is relatively efficient, inexpensive, and can achieve large temperature differentials. Perhaps more
importantly, there are readily available off-the-shelf components that span a range of cooling capacities,
temperature, and form factors that technology providers can easily incorporate into their product
designs. The Powering Agriculture innovators that utilized vapor compression refrigeration technology
were largely able to minimize technology proof-of-concept testing with market acceptance testing.

However, several technology providers, including Powering Agriculture innovators, see an opportunity to
use alternative chilling technologies that are either powered by clean energy sources readily available
around the farm or are easily manufactured using simple fabrication techniques. The drawback to
developing alternative chilling technologies is that they require additional product development time to
conduct technology proof-of-concept testing before any required market acceptance testing can start.
Innovators SimGas, Thermogenn, and Rebound were all developing alternative chilling technology
prototypes that required one or more iterations and reboots before they could deploy a working prototype
into the field. As a result, none were able to progress to commercial trial of the products they were
developing during their award period.

Cold storage technology providers are starved of working capital. Working capital is the cash spent to
purchase parts used to manufacture a cold storage unit before a customer has paid for said unit. Money
that is tied up paying vendors cannot be used to pay salaries or develop new technology. In developed
countries, local banks provide short-term loans to companies to cover their working capital needs, but
several clean energy cold storage technology providers operate in emerging markets without local banks
willing to lend them money. Technology providers also struggle to access international markets for
working capital because capital controls can block the importation of foreign currency. This lack of
working capital can be further exacerbated by efforts to provide asset financing to end users, as the cash
that becomes tied up in financed transactions is not available for immediate company needs.

Importation duties can undermine the value propositions of technology providers. Importation duties on
clean energy cold storage equipment are frequently applied in an inconsistent manner. Government
officials may be using different regulations to assess duty. The Kenya Revenue Authority’s Customs and
Border Control Departments uses the 2012 Harmonized System (HS) Code and 2017 HS Code,
respectively.’® The duty tariff status of equipment can change as frequently as every six months.'” The
tariffs and port processing costs that are added to the cost of the cold storage equipment make them
more expensive, increasing the time it takes for the customer to make a return on their purchase.



BOX 4: -

SimGas B.V. was a biogas digester design and
manufacturing company based in the Netherlands.
While traditional biogas digesters are built with

brick or concrete, SimGas's original innovation was

a low-cost, modular plastic digester. Following the
commercialization of its biogas digester, it had set

up retail subsidiaries in Tanzania and Kenya. In 2015,
SimGas partnered with Powering Agriculture to develop

a biogas-powered milk chiller to complement its :
Catalogue of blogas-powered cookstoves and lanterns. Inspection of a SimGas biodigester. Photo courtesy of SimGas.

Coupling financing with its products was a central component to SimGas'’s business model, but it was not
able to find local multilateral financial institution or banking partners who would be willing to extend credit
to SimGas's customers. SimGas eventually began to extend credit to its customers itself. SimGas was
simultaneously investing in new product research and development and manufacturing facilities, aiming to
provide high-quality designed products. The biogas-powered milk chiller had a high number of components
and became expensive; as a result, the company constantly struggled with having sufficient working capital
to fund its sales, product financing, and company growth. SimGas was frequently in a situation where it did
not have enough capital to pay suppliers to manufacture products to meet demonstrated demand from its
customers. Finally, a design defect in SimGas’s biodigestor detected in 2014 triggered a recall, halted new
sales, and added further strain to the company’s financial situation. SimGas declared bankruptcy in
November 2018.

Some of the messages that the management of SimGas shared with donors include:

* Start selling with the “least viable product,’ a product good enough to meet customer needs and minimize
price and capital requirements. The market discovery and sales development that results from selling
the least viable product will drive an iterative refinement of both product and marketing strategy.
SimGas felt it had overinvested in product development to the detriment of the company’s sustainability.

* Prioritize the maintenance of sufficient working capital to keep up with customer orders over new
product development, expansion into new markets, or major capital investments. SimGas felt the long
wait times between customer order and product delivery (due to its lack of working capital) crushed
their sales momentum.

* Set clear expectations about the potential to produce significant social impact with product research
and development programs. SimGas felt that the pressure to deliver numbers and development results
during prototyping both distracted the engineering team and potentially diverted crucial research and
development funds away from other projects that could have had a greater impact on company growth.

Despite the bankruptcy, SimGas’ founders are still hopeful about the biogas market in Africa,
where the need for clean cooking is significant.'®



RECOMMENDATIONS

Recommendations for International Donors

Fund technical assistance that provides market research to technology providers. In cases where
technology providers do not have adequate market or customer understanding, donors should provide
resources to improve them. Cold storage technology providers generally do not have in-house staff that
can conduct market research or customer discovery; they usually require external technical assistance
to collect customer data that supports improved product design and marketing of cold storage products.
Donors should provide technical assistance to cold storage technology providers to identify customer
needs and product usage patterns. This will help mitigate the drawback of a technology push approach
to entering a market.

Have realistic expectations for sales numbers and development impact. If a technology provider is
developing a cold storage solution that is not commercially mature, their product and development team
should not be expected to generate the same social impact as a sales team selling a mature product.
SimGas warned that pressure to deliver impact numbers when developing prototypes can be both an
economic strain on the technology provider and create the impression that the company is willing to
furnish unfinished products to customers. Donor funding for proof-of-concept testing and marketing can
help speed the introduction of new technologies into the marketplace, but both tasks can add several
years to the introduction of a product to the market. Donors should expect low levels of market traction
while these two tasks are being completed. If a program strives for high sales or dissemination targets,
donors should avoid technologies that still require technology development or market sensitization.

Create a mechanism to provide working capital to technology providers. Donors can either directly
provide working capital to technology providers by endowing revolving funds or incentivize the local
financing industry to lend to technology providers. Programs that provide loan guarantees or offset
banks’ transaction costs are two ways donors can address the reasons that local banks do not lend to
technology providers.

Work with governments to reduce barriers related to the importation of clean energy cold storage
components. Donors should advise governments to limit disincentives, such as high taxes or
inconsistent tax code implementation, on imported refrigeration equipment and invest more in those
components of infrastructure that are currently missing in the development efforts involving the cold
chain.' In addition, donors should support governments on improving the importability of technology
components. For example, SunDanzer’s solar-powered milk cooler system incurs a 25 percent duty,
which results in a higher final price of their product.



Recommendations for Implementers

Conduct thorough market assessments and customer discovery before proposing a new technology
push into a market. Many of the technology providers that Powering Agriculture worked with are pushing
new technology solutions to solve persistent social problems. There is a danger that a technology push
approach may not fully understand customer needs and fail to identify a dissemination strategy
appropriate for the target market. To counter this, technology providers should have a thorough
understanding of the agricultural value chain into which they plan to introduce cold storage. Technology
providers should evaluate the processes and people involved in producing the agricultural product for
whom they are designing their cold storage equipment to store. These agricultural products go through
several processes to be transformed from basic inputs (e.g., dairy cows), to products bought by a
consumer (e.g., cheese). Technology providers may find that a different technology better serves the
needs of their original target customers or that other participants in the agricultural value chain have a
greater need for cold storage than their original target customers. A clear understanding of the
agricultural value chain will also validate (or disprove) the assumptions that technology providers have
regarding income levels and ability to pay.

Cold storage also has horticultural applications, as seen on Kenyan flower farms. Photo courtesy of Ariya Finergy.



Make sure your target market can bear your price
point. Cold storage equipment requires a significant
amount of energy to continuously operate, and the
cost of supplying sufficient clean energy generation
capacity in addition to the cold storage equipment
can be prohibitive to most smallholder farmers.
Technology providers should pay close attention to
the payback period of their product. A principal in an
impact investing firm who worked closely with ,(r
Powering Agriculture recommended that a payback ////// (((H
period for cold storage equipment should not exceed
two years.?’ In some cases, scaling down product
size or cooling capacity may reduce a product’s
payback period. SimGas initially designed their
biogas-powered milk chillers using a European milk
chilling standard that dictated required cooling rates
based on different assumptions around collection
practices and storage times, which resulted in large
milk chillers that the smallholder farmers could not
afford. By designing around local collection and
storage practices, SimGas subsequently reduced the
price of their milk chiller by lowering cooling rates

A SunDanzer cooler. Photo courtesy of SunDanzer.

while maintaining milk quality.

Understand barriers to entry for a given market segment and be intentional with strategies to
overcome them. The Powering Agriculture innovators with the most success in gaining market
traction (such as InspiraFarms and Promethean) targeted aggregators who had already adopted cold
storage equipment into their supply chain, had the capability to operate and maintain sophisticated
equipment, and had a strong financial incentive to avoid spoilage. While this is not to say that the
smallholder farmer market segment is inviable, technology providers must go to market understanding
that smallholder farmers require simultaneous convincing of both the reliability of the product as well
as the value proposition for adopting a new way of doing business. A strategy for overcoming the
resulting challenge in the smallholder farmer market should be integral to the business plan.

For instance, there may be opportunities to partner with agribusinesses and aggregators who
understand cold chain technology and have a shared interest in increasing the quantity and quality of
crops they collect from smallholder farmers. SimGas worked to forge partnerships with dairy
cooperatives in Kenya who would help promote the milk chiller while giving farmers the certainty of a
buyer for their evening milk. Though SimGas was ultimately unable to move forward and
commercialize its chiller, their approach has the potential to open up the smallholder farmer market.



As the world's population grows, so does the need for more intensive food production. Clean energy
cold storage can play a critical role in reducing the amount of post-harvest loss and increasing farm
productivity without additional negative environmental impacts. It also has the potential to increase

the incomes of everyone participating in an agricultural product’s value chain: smallholder farmers,
agribusinesses, aggregators, farmer associations, and retailers. Although the capital costs of clean
energy cold storage technology can be high, the benefits to agricultural value chain participants — such
as reductions in post-harvest losses, increased earnings from higher-quality products, and reductions in
fuel costs — can be considerable.

Many emerging markets are not fully realizing the benefits that cold storage technology can provide,

so technology providers are developing innovations to increase the affordability of cold storage.
However, given the early stage of technologies being developed for the off-grid and weak-grid markets,
technology providers are struggling with customer identification and finding the most viable market
niche. A technology-driven push may cause providers to enter markets before they understand customer
needs, assess their products’ ability to make money for potential customers, and demonstrate a clear
value proposition.

Inconsistent application of tax regulations increases the cost of making clean energy cold storage
equipment available to market participants and decreases the value proposition that technology
providers can offer. The resulting lack of market traction makes it hard for technology providers to
access capital to funds their growth.

Although the prospects for reducing losses and increasing farmer incomes is compelling, gaining
traction can be more difficult in some market segments. While clean energy technologies designed

for aggregators appear to be gaining some momentum, solutions for the smallholder farmer are having
a harder time providing the necessary combination of technological fit, financing, and distribution model
that will allow these technologies to scale on a commercial basis. As many technology providers
catering to smallholder farmers’ needs are conducting proof-of-concept testing, long-term research and
development around both technologies and business models will be necessary for product offerings to
overcome barriers to serving the smallholder farmer market segment. Sustained donor support is
necessary as technology providers work to prove the viability of their technology and business models
and convince smallholder farmers of their products’ value proposition. Donors must also understand
barriers to commercial scale-up and have reasonable expectations for impacts when companies are
developing and refining technologies to serve this market.
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