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Promoting clean and energy-efficient cold chains

in India

Mahesh Patankar and Roshni Yehuda

mpensystems.com

| roshni@mpensystems.com

Abstract

This article presents highlights from a new report by MP
Ensystems funded by Shakti Sustainable Energy Foundation,
and supported by the University of Birmingham. Promoting
clean and energy efficient cold-chain in India (April 2019) is an
assessment of clean cold chain in India. The aim was to bring
together policies, finance and technology-innovation attributes
of the evolving cold chain in India with an aim to provide
strong evidence and recommendations to make technologies

4, Developing
innovative
implementation and
financing options

1. Rapid
assessment of
energy foot-print
of cold-chains

Clean and
Energy
Efficient Cold
Chain in India

2. Techno Social =
Economic
assessment through
field studies

3. Developing a
technology vision
for clean
cold-chain

Figure 1. Goals of the study on clean cold chain in India (Source: MP Ensys-
tems Advisory Pvt. Ltd, 2018)
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affordable, financeable and implementable by small and large
implementation partners from warehousing, haulage and bulk-
processing/storage options. The project has sought the active
support and expertise of various organisations from government
agencies, institutions and businesses. For the fieldwork, a team
worked in four states in India during the period July-November
2018 to understand the current state of cold chain in India
(Haryana, Punjab, Maharashtra and Karnataka; offering regional
diversity) and how to ensure the transition to a developed and
pan-country cold chain with minimal environmental impact —
ie curtailing CO, emissions and other pollution. The purpose of
the study was to explore systems-level thinking on the need for
clean cold chain moving from farm to fork as the flow of goods
and repurposing value through the cold chain from the fork to
the farm, and the development of a broad roadmap for clean
cold-chain development in India.

Background to clean cold chain in
India

The Prime Minister’s Office has set India the target of
doubling farmers’ incomes by 2022 (NITI Aayog, 2015). Up to
40 percent of food is lost between the farm gate and market
(Committee for Doubling Farmers’ Income, 2017). This
reduces farmers’ income, their capacity to invest, and their
incentive to grow more food; it also impacts on the cost of food
in a rapidly urbanising marketplace. The Government of India
has identified investment in cold-chain logistics — to mitigate
post-harvest losses and enable fast connectivity with markets —
as a vital component in its seven-point farm-income strategy
(NITI Aayog, 2015).
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As part of its climate change initiatives, India has set ambitious
targets to make agriculture and food logistics sustainable.
Conventional diesel-powered transport refrigeration units and
pack houses, for example, emit not only high levels of CO,, but
also grossly disproportionate amounts of nitrogen oxides (NO,)
and particulate matter (PM).

To double farmers’ income by expanding the use of
conventional, highly polluting cold-chain technologies would
simply mitigate one problem by worsening another. It is vital
that any new cold-chain infrastructure should be clean — zero-
emission and powered by renewable energy.
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What is clean cold chain?

Cold chain is an integrated, seamless and resilient network
of refrigerated and temperature-controlled pack houses, cold
storage, distribution hubs and vehicles used to maintain the
safety, quality and quantity of food produce, while moving
it swiftly from point of harvest to point of consumption. It
should enhance economic wealth, cash flow and security for
farmers, growers and fishers, and improve food quality, safety
and value to the consumer; and achieve this sustainably with
minimum environmental and natural resource impact.

Table 1. Post-harvest infrastructure protocols for selected products and list of products selected (Source: NCCD, 2015)

Logistics flow

Category

Product (in order of component listed) (temperature range)
Fresh fruit

1. Apple CS-PH-T-CH-t-FE

2. Grapes PH-T-CH-t-FE

3. Orange PH-T-CH-t-FE

4. Strawberry PH-T-CH-t-FE

5. Kiwi CS-PH-T-CH-t-FE

Fresh vegetables Chill (0-10°C)

6. Potato CS-Ts-FE

7. Tomato PH-T-CH-t-FE

8. Cauliflower PH-T-CH-t-FE

9. Okra PH-T-CH-t-FE

10. Carrot CS-PH-T-CH-t-FE

11. Cabbage CS-PH-T-CH-t-FE

Fresh fruit

12. Mango PH-T-CH-RC-t-FE Mild chill (10-20°C)
13. Banana PH-T-CH-RC-t-FE

14. Papaya PH-T-CH-RC-t-FE

Other food products

15. Processed products PU-T-CH-t-FE

16. Meat & meat products (livestock, PU-T-CH-t-FE

poultry, fish)

Frozen (below -18°C)

17. Dairy products (ice cream, butter) PU-T-CH-t-FE

18. Onion SS-Ts-FE

Normal (20-30°C)

CS - cold storage bulk; CH — cold storage hub; FE — front-end merchandising; PH — pack house; PU — food processing unit or allied; RC —
ripening chamber; SS — storage structure; t — last-mile transport; T — long-haul reefer transport; Ts — non-reefer transport
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Table 2. Energy demand throughout a typical vegetable chain (Source: FAO, 2015)
Diesel/gasoline Electricity Natural gas
Fertilisers v
Production Irrigation v (pumps) v (pumps)
Cultivation on farm v (machinery) v (greenhouse) v (heating greenhouses)
Harvesting v (machinery)
Storage Storage/refrigeration v
Transport Transport v v
Processing Sanitising/cleaning v v/
Grading and sorting v
Peeling/cutting v v (steam)
Blanching v (boiler fuel) v (heat) v (heat)
Cooling v
Drying v v v
Freezing v
Packaging Can filling v
Can exhausting v (heat) v v (heat)
Can sealing v
Heat sterilisation v v v
Packaging v

The current primary energy impact at various stages of the
horticulture produce and processing chain is indicated in
Table 2.

Summary of the project

A team comprising experts from MP Ensystems (supported
by the University of Birmingham) and Shakti Sustainable
Energy Foundation worked in four states in India during the
period July-November 2018 to better understand the current
state of cold chain in India and how to ensure the transition
to a developed and pan-country cold chain with minimal
environmental impact — 7e curtailing CO, emissions and other
pollution. This exploration was carried out in the states of
Haryana, Punjab, Maharashtra and Karnataka, offering regional
diversity. The purpose of the study was to explore systems-level
thinking on the need for clean cold chain moving from farm
to fork as the flow of goods and repurposing value through the
cold chain from fork to farm, and the development of a broad
roadmap for clean cold-chain development in India. The report
benefitted from four case studies from the state of Haryana
captured through in-person interviews.

The systems-level thinking includes understanding of:
 farming as a livelihood opportunity for farmers;

* the value chains from the perspective of their energy
footprints in particular;

38

e current failures and barriers to the deployment of cooling
technology;

* the role of technologies relevant to the first and the last mile
of goods flow alongside cold storage, efficient (low-carbon)
and clean (low global-warming potential [GWP] and low
ozone-depleting potential) components of cold rooms, pack
houses and processing plants;

* projection of energy conservation (in global warming) and
greenhouse gases (GHGs, CO,e), NO, and PM emission
reduction due to adoption of energy-efficient equipment
technologies and low GWP refrigerants in cold chain till 2030;

* application of closed-loop systems resulting in maximised
productivity per unit of energy;

* interventions to support deployment of low-carbon
technology including, but not limited to, finance, policy
and training; and

* envisaging cooling as a ‘service’, the role of data connectivity
and IT-enabled/mobile technology platforms to inform the
decisions on the time and duration of harvesting, improving
the holding life and associated value of the products,
resulting in wins for both producers and consumers.

As a part of this exploration, the project team interacted with
the following stakeholders:

1. government (state and national) officials from agriculture,
horticulture, electricity, renewable energy, energy efficiency
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and water resources departments (approximately 20 one-
on-one interactions and one roundtable);

2. 10 small and large farmer-producer companies;

3. more than 50 farmers dependent on the farming sector
(primarily fruits and vegetables), including women;

4. six agri-value-chain start-ups including those run by
women entrepreneurs;

5. more than 30 Indian and UK technology providers dealing
with integrated system designs, refrigeration systems/
equipment, natural and low-GWP refrigerants, solar-PV
and solar-thermal hot-water/steam-generating units; phase
change materials in reefer vans, cool rooms, processing
units and retail stores; internet of things/artificial
intelligence (AI)/block-chain platform developers with
applications developed for the agriculture sector (spread
over two roundtables and bilateral meetings); and

6. four leading banks in India that provide credit to farmer-
producer companies, farmers, technology providers; and
angel- and venture-capital fund managers focussing on agri
value chains.

Output

As a result of this process, the group of experts presented this
report on the social, technical and economic aspects of the
farm-to-fork and fork-to-farm value chain, presenting the
importance and opportunities, including cooling-as-a-service
and making a business case for a mobile-technology-driven
decision tool that could positively impact farmers’ income
and producer/consumer surplus. The report considers specific
interventions and, using farmer-producer organisations,
proposes frameworks for end-to-end system-level approaches.

The development impacts of cold chain go beyond food
loss to include improved nutrition; increase in farmers’
incomes; new jobs for operation and maintenance of cold

/_ Cold-Chain Development Challenges \

Focus an siorage; not Sysiem
* Notpaired with education and training
* Lack of anderstanding of the husiness case and model
» Lack of sldlled capacity to design, deploy, maintenance

* Focus on storage with little regard for the chain (esp.
firet and last mile)

*  Return on investment needs (o be clearly caleulaed
and understood

/ Clean Cold-Chain Specific Challenges ‘\

+ Nascent leclnologies
» Gurrent focus on green electriciny:

* Energy storage

+ End 1o end system incl. transport

* Business model - TCO versus Capex
* No knowledge base

@ Risk embedding old technology /
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chains; and deriving co-benefits from access to functioning
cold chains (health, economic development, environment),
including secondary agriculture and sector-wide community
development. The report presents strategies, barriers and
innovations for bringing novel cold-chain solutions to market,
including partnership with stakeholders, investment/financing
options and regulatory policy, and considers ways to introduce
such solutions into the development policy of developing-
country governments and international financial institutions.

Key findings include the following.

Under-uftilisation of newly constructed cold-storage facilities
by government agencies due to:

¢ lack of stakeholder consultation with farming community;
e failure of economics of cold storage;
¢ operational inefficiencies and high cost of electricity; and

¢ geographic siting and location of the pack houses and cold-
storage facilities.

Role of cold chain in improving nutritional value of food,
going beyond the objective of increasing farmers’ incomes
and reducing food loss. A recent World Business Council for
Sustainable Development presentation highlighted the low
nutritional value of agricultural output in India.

Availability of technologies is not a key concern. Clean
cold-chain technologies are available. What is needed is
feasibility and applicability in local contexts and harnessing
human resources through skills training for maintenance and
operation of cold chain.

Use of the internet of things for market connectivity and
quality control. An example is Sahayadri Farm Fresh, a
cooperative of more than 6,000 farmers, whose produce is
geo-tagged to provide information about its origin, handling,
storage temperature, efc.

t:an Cold-Chain Developmaent Rt:q'uimmem

* System design - end to end

* “Forlk to Geld™ fow of information as well as “field to
fork™ Dow of produce

* Access and understanding of “fit for market™ cooling,
cold storage and cold chain technologies

* Vatted business models for small, mediam and large
scale enteTprises

* Demonstration of impact: Bow of money back to farmers

* Trained technicians for design, insallation and
mainienance

* Enabling supporn — inance options, basic infrastructare

* Incentive such as duly free impons, low interest rates,
corporae ax breaks

= Robust methodology for “fit for market” design
) Damonstration

= Education, training

= Incubation hubs

Qnm

4

Figure 2. Challenges and routes for clean cold chain, India (Source: MP Ensystems Advisory Pvt. Ltd, 2018).
Capex = capital expense; Opex = operational expenditure; TCO = total cost of ownership.
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Dissolving silos in India for better utilisation of thermal
resources. India has the largest quantity of thermal storage
in the form of cold-storage facilities. These need to be
geographically tagged with attributes to improve usability
and linked with grids of biomass, biogas, solar, wind, micro-
hydroelectricity, efc.

Training and capacity-building will be key to setting up clean
cold chain — increasing awareness among farmers about the
merits of cold-chain infrastructure, their expected level of
participation, and ways to use enhanced internet of things-
based techniques are important training needs to be fulfilled.

Based on the findings of the study, MP Ensystems Advisory
and the University of Birmingham have developed four key
recommendations for the next stage of clean cold-chain
development in India. The recommendations were guided by
the case studies in different states, but mainly from Haryana,
interaction with various stakeholders through workshops, and
the field visits.

1. Facilitate hackathons and prepare a framework for
IT solutions for developing clean cold chain in India
using the latest block-chain technologies. Participants —
stakeholders including representatives from farmer-producer
organisations, technology consultants and providers,
government representatives, funding agencies, bilateral
organisations, consultants and entrepreneurs, or interested
individuals and organisations including designers,
programmers, coders, developers, recruiters and CEOs — can
develop (independently or in groups) possible solutions and
software codes for developing a clean cold chain.

2. The development will require an informed needs
assessment process with the farming community, and
identification of the drawbacks, lacunas and requirements
of existing systems. Taking into account existing schemes
and infrastructure, how can IT enable the enhancement
achieved by cold-chain infrastructure and deliver value back
to the farm from the fork?

Figure 3. Training and development for clean cold-chain network diagram
(Source: MP Ensystems Advisory Pvt. Ltd and University of Birmingham)
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3. Living laboratories — We propose that national governments
collaborate with state governments and farmer-producer
organisations in setting up ‘Living laboratories’ to showcase
new clean cold and cooling technologies to be integrated into
practice locally. The focus will be to demonstrate a live model
of integrated clean cold technologies, to develop economic
models in which to fit the framework of new technologies,
and to work with the farmer communities. Living laboratories
can serve as centres of advocacy, outreach, training and
awareness on cold chain, as well as research and development
centres to deal with contextual issues.

4. Business models — We propose new business propositions
such as ‘IT-enabled services to manage harvesting and
logistics’. There is an opportunity for assessing the added
value of fork-to-field information flow and how best to
capture that value for the farmers both in immediate
decisions and market connectivity and in longer-term
development. We propose establishment of ‘cold as a
service’ by integrating food cold chains with other cold-
dependent services such as secondary agriculture, vaccines,
community health facilities and emergency services,
thereby developing strategies and co-benefits to create
sustainable community cooling services.

5. Training — Development of a roadmap for awareness,
training and capacity-building to address the technical,
technological and social aspects of providing clean cold-
chain infrastructure. This will include business incubation;
training in advanced internet of things, Al and block-chain
applications; curriculum development for university students
and professionals; developing massive open online courses
(MOOCs) and e-learning programmes; as well as training in
information and communication technologies (ICTs).

Support from government

The state and central governments through the DFI (Doubling
Farmers’ Income) mission, as well as for agriculture and export
promotion, are providing subsidies, grant-in-aid and soft loans
to support farmers, farmer-producer organisations and private
enftrepreneurs.

In the course of numerous interactions with officials from the
State Government of Haryana, the Horticulture Department’s
Crop Cluster Development Program (CCDP) was identified
as one of the most progressive and advanced schemes to
promote clean and efficient cold-chain infrastructure. The
Department of Horticulture along with the Small Farmers’
Agri-Business Consortium, Haryana (SFACH) has developed
crop clusters, assessing the tonnage of production and growth
season for different crops. The Department has an overall
budget of 5.1 billion rupees (USD 73 million) for providing
up to 70 percent subsidy to farmer-producer organisations
for cold-chain infrastructure, including pack houses, ripening
chambers, sorting and grading facilities, cold-storage facilities
and reefer vehicles.

It has received proposals from 47 farmer-producer
organisations and has already shortlisted and issued letters of
intent to 21 of them.
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Pilot visits were conducted to mandis (farmer markets),
pack houses, cold-storage facilities and bulk cold-storage
facilities in Panchkula, Sonepat and Shahbad in Haryana,
and Ropar in Punjab to provide an initial understanding of
the functioning, resources, supply chain and operational
requirements.

The pack houses commissioned by the Government of Haryana
in 2010-2012 at mandis located in Shahbad, Panchkula and
Kurukshetra are available on lease. The mandi at Panchkula
operated by a farmer-producer organisation is equipped with
a pack house of 5 tonnes capacity. The farmer-producer
organisation includes more than 300 marginal farmers who
sell varieties of fruits and vegetables sourced from their own
fields in the region. Every participating farmer has been given a
membership card to occupy and set up a small retail shop in the
space provided at the mandi. The farmer-producer organisation
also manages wholesale trading of other agricultural products.
Similarly, individual or groups of farmers and farmer-producer
organisations run mandis in Shahbad and Kurukshetra. The
pack house at Shahbad has one pre-cooling unit of 5 tonnes,
storage space for more than 100 tonnes, cold-storage units
for 25 tonnes for potato and other vegetables and fruits, and a
ripening chamber for 20 tonnes. Cooling technology used in
all of these are a Freon-based variable-capacity compression
refrigeration system and equipment supplied by Blue Star and
Bitzer.

Figure 4. Government-commissioned mandi (farmers’ market) at Panchkula
(Photo: Shirish Deshpande)

The supporting pack houses in Shahbad and Panchkula were
under-utilised. The users gave the following reasons for poor
utilisation of the facilities:

* lack of appropriate infrastructure to transport produce from
farm gate to the pack house;

e limited financial capacity of marginal and small-scale
farmers to store the produce at the farm gate — they
therefore try to encash the produce as soon as possible;
distress sale is a well-known phenomenon; and

¢ high cost of electricity, coupled with low operational
efficiencies.
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First- and last-mile considerations in cold chain

Field studies show that most of the wastage occurs at the first
(farm gate) and last (handling after retail) miles of cold chain.
First-mile transportation is dependent on farm vehicles such
as tractors, which are inadequate for maintaining freshness of
horticultural produce and lead to losses. Conventional reefer
vehicles are financially unaffordable for farmers unless the
services are grouped under a farmer-producer organisation or
cooperative.

Cold chain needs to be created through bottom-up
approaches, as last-mile logistics are also not in place. The
larger infrastructure components (middle components in the
supply chain, eg packhouses and cold-storage facilities) are not
utilised because of virtual entry and exit barriers in smooth
material flow. The barriers can be attributed to:

e limited infrastructure and technology applications suitable
for first- and last-mile business processes;

* high cost of operating at small scale with existing cold-
chain facilities;

* inadequate knowledge and skills to carry out the processes
efficiently to ensure productivity and financial viability; and

¢ lack of policy support to facilitate first-mile processes in
cold chain.

Only large and established business formats have been able to
utilise the cold chain. However, most of the farmers in India
have small or medium-sized landholdings (less than 4 ha).
Thus, there is a strong need to create support for building
capacities at the first and last miles to realise the Government
of India’s goal of doubling farmers’ income.

Market not yet thinking beyond conventional
technology mix

Based on interviews with farmers and farmer-producer
organisation representatives, technology providers and
government officials in Haryana, it is clear that almost all
current efforts to double farmers’ income are focussed on
adding cold-chain infrastructure using conventional cooling
technologies.

While an energy efficiency building code exists, it is not
applicable to the cold chain, as guidelines pertaining to cold
chain focus on maintaining quality of produce and not on
energy efficiency or system sustainability.

Critical intervention — new business models

From our research, the conventional ways of dealing with cold
chains need substantial changes. The economic and technical
feasibility of the cold chains can emerge when the thinking
changes from ‘farm to fork’ to ‘fork to farm’ (Figure 5).
Currently, the entire economics of farm produce is governed
in a sub-optimal manner in which harvesting is not necessarily
linked to market triggers. With the advent of information
technology applications in India, it is opportune to imagine a
business structure that links market needs with harvesting and
post-harvest storage and haulage.
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Figure 5. New business propositions (Source: MP Ensystems Advisory Pvt. Ltd, 2018)

We propose two predominant business opportunities that were
discussed with prospective and existing entrepreneurs during
the course of the project: (1) IT-enabled services to manage
harvesting and logistics; and (2) ‘Cooling as a service’ that
provides access, improves market connectivity and maximises
efficiency with the lowest carbon footprint.

IT-enabled services to manage harvesting and
logistics

Table 3. Business proposition 1: IT-enabled services to manage harvesting
and logistics (Source: MP Ensystems Advisory Pvt. Ltd, 2018)

Primary goals:

Linking the market requirements for fruits and vegetables with
the time of harvesting

Reducing losses in haulage by accurately linking time of
harvesting, storage and market

Prospective businesses:

Farmer-producer organisations created as subsidiary companies
or business units

Social entrepreneurs supported through impact investors — start-
ups with IT skills

Established Indian and oversees brands

Pre-launch activities:

Market assessments, understanding of holding life of produce in
each section of the logistics chain

Understanding of inventory management at the farm gate and at
markets (wholesale and retail)

IT platform development considering connectivity in the rural
sector, data capture of commodity prices
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Cost and revenue model:

Initiation costs to include setting up of IT platforms, development
of apps that are compatible with 3G/4G connectivity

Revenue generation through a subscription-based model (an
annual fee to be charged to the group of farmers) and create
advertising revenues

Other benefits:
Computer literacy at the villages — including adult education

Local youth creativity centres to assist the villagers to reach out
to global platforms and associated job creation

Extension of logistics support services to health and educational
systems

The Information Technology Bill passed in May 2000 paved
the way for India’s IT revolution, boosting e-commerce and
internet-related business. The ‘knowledge revolution’, as it is
now termed, resulted in cyber cafés in rural areas providing
villagers with access to computerised land records. Project
Gyandoot, for example, helped farmers get the best prices for
their produce from nearby markets (Paradkar, 2000).

Agri App, iffcokissan app, Agri Media Video App, Farm Bee RML
Farmer and KisanYojna are some of the popular Android-based
apps that provide services such as an online market, answers
to agricultural queries, latest technologies for improving
agricultural production and latest mandi prices (Tat, 2018).

The mKisan portal of the Government of India, under the
National e-Governance Plan — Agriculture (NeGP-A), provides
a SMS (short messaging service) portal for farmers with low
internet penetration in rural areas but mobile connectivity to
nearly 89.3 million farm families, enabling state and central
government organisations to reach out to farmers through
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internet, touch-screen kiosks, agri-clinics and Kisan call
centres. Portals using services such as USSD (unstructured
supplementary service data), IVRS (interactive voice response
system) and Pull SMS enable farmers and other stakeholders
to receive messages and web-based services on their mobile
phones without using the internet (Ministry of Electronics &
Information Technology, 2014). A number of free agriculture-
related apps are provided by the Ministry of Agriculture.

The envisaged outcomes of business proposition 1 are:

1. to enable and empower farmers by facilitating the flow of
knowledge and information;

2. to trace the forward- and reverse-flow value of cold chain
from farm to fork and fork to farm — reducing food losses
and bringing the value back to the farmers — working in the
form of a block-chain technology; and

3. to increase transparency in the supply chain.

Cooling as a service

The standard business model of delivering cooling for both
space cooling and cold chain typically involves the sale of
equipment. Cooling as a service sees customers paying for
the cooling on an as-used basis, with a third party funding
the capital, infrastructure and maintenance costs and selling
a service. Examples of the cooling-as-a-service model include
pay-per-service models, where a technology provider installs and
maintains the cooling equipment, and recovers costs through
usage payments made by the customer (eg ColdHubs, EcoZen).

These payments are fixed-cost-per-unit for the cooling service
used (eg per tonne of refrigeration, cubic metre of cooled air, or
as simple as cost per tray of food in a cold store overnight). The
payment is not dependent on the savings (as with an Energy
Services Company model), but instead agreed in advance as a
function of actual usage. ESCO models are also present in the
sector, mostly in relation to commercially owned equipment.

Given the growth in demand for cooling in developing markets
(especially cold chain for subsistence farmers), cooling-as-a-
service models benefit customers by removing the upfront
capital investment. The model also reduces the perceived
technology risk for the clients, as they are not required to
invest in the technologies directly, and are not exposed to
equipment failure. Cooling as a service can give technology
providers a stronger incentive to increase their own profits by
reducing their products’ operating costs through innovation.
Cooling as a service can also increase the likelihood that
cooling equipment is effectively serviced and maintained (and
upgraded), lowering the risk of unplanned breakdowns and
creeping inefficiency.

Based on the models discussed here, we have proposed a
model cold chain to be implemented by the CCDP scheme:
an integrated pack house with automatic sorting, grading and
packing of fruits and vegetables for round fruits and vegetables
(2 tonnes per hour); additional manual processing line for
other vegetables; two pre-cooling units each of 6 tonnes, each
handling two batches of pre-cooling per day; and two cold
rooms of 125 tonnes each designed for a temperature range of
0-8°C to suit the requirements of a variety of products.
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The CCDP has the goal of creating farmers’ collectives,
especially small-scale producers at various levels across the
state, to disseminate technology, improve productivity,
empower farmers by improving access to services, and
thereby increase income. The scheme focusses on forward
and backward integration by creating on-farm infrastructure
required for organised marketing of fresh fruits and vegetables
by farmer-producer organisations/companies completing
the supply chain from production to market. This could be a
suitable vehicle to manage a facility and deliver cooling as a
service using sustainable technologies to farmers.

Table 4. Business proposition 2: Cooling as a service that provides access,
improves market connectivity and maximises efficiency at the lowest car-
bon footprint (Source: MP Ensystems Advisory Pvt. Ltd, 2018)

Primary goals:

Create access to cold chains — first- and last-mile transportation,
cold rooms with energy-efficient and low-ODS (ozone-depleting
substances) use systems

Promote waste-to-energy and solar-thermal/solar-PV systems to
reduce fossil-fuel-based systems

Create grid-support services through the cold-chain assets

Promote innovative technologies such as phase-change materials
and eutectic plates used in construction and transportation networks

Prospective businesses:

Energy service companies, equipment-leasing companies and
integrators creating a ‘pay-as-you-go’ model for the number of
hours of operation of cold rooms and miles travelled during the
transportation phase

Farmer-producer organisations created as subsidiary companies
or their business units or social entrepreneurs carrying out the
above-mentioned activities

Pre-launch activities:

Standardised designs for alternative refrigerants, alternative
energy technologies

Understanding of operational and maintenance requirements

Development of a business plan to launch one service extended to
multiple states

Understanding of energy markets and possible renewable-energy
integration/grid-support opportunities

Cost and revenue model:

Project development and implementation costs taking into
consideration the central and state government subsidies/
incentives available

Revenue generation through a monthly fixed fee and/or operating
expenses benchmarked to the use of cooling as a service

Cross-sale of hot water and secondary cooling to healthcare and
rural industries

Other benefits:

Local youth (female and male) involved in operation and
maintenance services, creating jobs

Extension of logistics support services in health and rural industries
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News from the field

The cold truth about Ethiopia

Addis Ababa, Ethiopia — Professor Yetenayet Bekele Tola
cringed as he patrolled the nation’s largest fruit and vegetable
market recently. Mounds of lettuce and swiss chard laid out
on newspapers were wilting in the morning’s rising sun in the
sprawling capital-city market. Bananas in straw baskets were
already bruised and blackened.

There wasn’t a refrigerator to be found to keep the crops fresh.

For Dr Yetenayet, who studies food science and technology
at Jimma University, the damaged food is a pungent
reminder of a fragmented food-distribution system that is a
significant contributor to the country’s — and Africa’s — severe
malnutrition problems. Losing fruit and vegetables, along
with other key perishables such as milk, is a loss of essential
nutrients, vitamins and minerals that would otherwise help
sustain millions of Ethiopians.

“There is no cold room storage whatsoever,” Dr Yetenayet
said. “The way fruits and vegetables are being handled is not
up to standard. It leads to lots of spoilage. The food can’t get
to people, and it’s less nutritious.”
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While agricultural production of fruit and vegetables in Africa’s
second most populous country has surged in recent decades,
millions of Ethiopians are still not eating them. Those suffering
the most are the rural poor, many of them smallholder farmers
living beyond the reach of electricity, refrigeration and viable
markets. Most of what they grow on their tiny plots are cereal
crops, including feff (a local grain), maize and sorghum, for
home consumption. Fruit and vegetables are too expensive.

Refrigeration, or cold storage, certainly exists in the massive
strawberry farms and flower hothouses that line the dusty roads
south of Addis Ababa, the country’s capital. But Ethiopia — and
Africa — is facing a reckoning in how to create and sustain a
network of refrigeration to feed their own.

I recently spent a week travelling across much of Ethiopia
chronicling where refrigeration was taking hold. I visited
families in rural areas and saw first-hand how food refrigeration
and cold storage, while still rare, are beginning to take stronger
hold in diverse parts of the country, from commercialised
urban areas to a small remote island using solar-powered
refrigeration.
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