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The Tropical Agriculture Asso-
ciation (TAA) is a professional 
association of individuals and 
corporate bodies concerned 
with the role of agriculture for 
development throughout the 
world. TAA brings together 
individuals and organisations 
from both developed and less- 
developed countries to enable 
them to contribute to inter-
national policies and actions 
aimed at reducing poverty and 
improving livelihoods. It grew 
out of the Imperial College of 
Tropical Agriculture (ICTA) As-
sociation, which was renamed 
the TAA in 1979. Its mission is 
to encourage the efficient and 
sustainable use of local resour-
ces and technologies, to arrest 
and reverse the degradation of 
the natural resources base on 
which agriculture depends and, 
by raising the productivity of 
both agriculture and related 
enterprises, to increase family 
incomes and commercial in-
vestment in the rural sector. 
Particular emphasis is given to 
rural areas in the tropics and 
subtropics and to countries with 
less-developed economies in 
temperate areas. TAA recognises 
the interrelated roles of farmers 
and other stakeholders living in 
rural areas, scientists (agricul-
turists, economists, sociologists 
etc), government and the private 
sector in achieving a convergent 
approach to rural development. 
This includes recognition of 
the importance of the role of 
women, the effect of AIDS and 
other social and cultural issues 
on the rural economy and live-
lihoods.
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Elle Farms in Karnal, Haryana, India was started by Seema 
Gulati and Amit Gupta growing staple horticultural crops 
such as potato, carrot, onion, iceberg lettuce and sweetcorn. I 
first met Seema and Amit in 2014 when, after participating in 
two international workshops on cold chain facilitated by the 
National Centre for Cold Chain Development, they invested in 
a pre-cooling chamber, a cold store, a ripening chamber, and 
equipment for grading, washing, drying and packaging their 
produce.

They also bought a couple of small three-wheeler insulated 
vans used to directly sell their produce to urban customers. 
All this was paid for by leasing 37 acres they had previously 
farmed, bank loans and some government support.

Despite the high interest charged on a loan for cooling 
equipment – 12.5 percent compared to 4-6 percent for a tractor 
and trailer – Elle Farms’ revenue tripled. They have continued 
to make investments in cooling, such as blast-freezing, to add 
further value to their produce. Now Elle Farms has grown to 
have a range of temperature-sensitive horticultural crops and 
mushrooms, and even includes training offers in its portfolio, 
imparting knowledge on cold chains directly to farmers.

It is hard to overstate the importance of the cold chain – 
an integrated and seamless network of refrigerated and 
temperature-controlled pack houses, distribution hubs and 
vehicles that maintains the safety, quality and quantity of food, 
while moving it swiftly from farm gate to consumption centre.

In developing markets, 40 percent of food can be lost post-
harvest – in the global context of more than 500 million 
subsistence farmers and where more than 820 million people 
are malnourished, this is catastrophic. We cannot address rural 
poverty or global nutrition without effective cold chains.

Malnutrition is the largest single contributor to disease in 
the world (UNSCN, nd): more children die each year from 
malnutrition than from AIDS, malaria and tuberculosis 

combined. There are 150.8 million children under five who 
are stunted, and 20 million babies are born with low birth 
weight each year (Development Initiatives, 2018). The World 
Health Organization (WHO) estimates that 600 million people 
– almost 1 in 10 worldwide – fall ill every year after eating 
contaminated food, and 420,000 die (WHO, 2015).

In addition, more than 75 percent of the world’s one billion 
people living in extreme poverty live in rural areas, primarily 
dependent on agricultural production. We cannot address rural 
poverty without cold chains connecting farmers to market.

Cold chains do not just enhance food security, but – as we see 
with Seema and Amit – also allow farmers to earn more by 
maintaining the quality of their produce and selling it further 
afield, reaching more distant cities and major centres of 
consumption. What’s more, the market connectivity afforded 
by a cold chain enables and incentivises farmers to raise their 
output because they will earn more from what they produce; 
whereas its absence means that any effort to increase yield will 
also cause higher wastage – so dousing the incentive.

The consequences of food loss go far beyond hunger, farmer 
poverty and inflated food prices. Post-harvest food loss due to 
the lack or inefficiency of cold chains is a major contributor 
to greenhouse gas (GHG) emissions. In 2011, this accounted 
for about 1 Gtonne of CO2 equivalent – more than the total 
GHG emissions of road transportation in the EU in 2012 
(0.9 Gtonne).

Cold chains currently rely on diesel fuel both in transport 
and off-grid applications. There is an opportunity to connect 
local farming clusters with higher-value local, national and 
international markets, yet the challenge is how to expand cold-
chain capacity quickly, affordably and with minimal pollution 
and environmental impact.

There are a number of exciting new technologies – eg solar-
powered storage facilities, off-grid fridges that can last for days 

Editorial
The clean cold chain in agriculture in developing 
countries
Toby Peters

Toby Peters is the Professor in Cold Economy and an IGI Fellow at the University of Birmingham, a Senior 
Research Fellow in Transformational Innovation for Sustainability at Heriot-Watt University, and a Visiting 
Professor to the Global Innovation Centre, Kyushu University, Japan. He is Chair of the Academic Group for 
Cooling EU, sits on the Technical Review Committee for the Global Cooling Prize, and is an advisor on sus-
tainable cooling to NGOs and international development agencies. An award-winning technology developer, 
he is one of the inventors of Liquid Air Energy Storage and the architect of the ‘Cold Economy’. He was joint 
academic lead on the ‘Doing Cold Smarter’ Policy Commission in 2015. Toby researches globally new sys-
tem-level approaches around delivering environmentally and economically sustainable cooling and power in 
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mation and sustainably addressing post-harvest food loss in developing economies. T.Peters@bham.ac.uk 
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at a time using ice or liquid nitrogen transport refrigeration 
systems. But to cope with growth in demand in an effective, 
efficient and sustainable way, all the integrated elements of the 
cold chain must form a seamless system; all using natural or 
ultra-low global-warming potential refrigerants and harnessing 
renewable, free and waste energy sources most efficiently.

Most subsistence farmers have little, if any, experience of 
any kind of cold chain, still less of novel, clean cold-chain 
technologies. They will not adopt them before the technologies 
have been shown to work well and cost-effectively. Many of 
the necessary renewable, clean technologies are already well 
advanced, but the value of cold chain comes from connecting 
suppliers to distant markets through several logistical stages. 
The entire chain must prove it can provide farmers with a 
clean, sustainable, fast and resilient link from field to cities, 
where their produce will command higher prices.

Equally, cold chain will only be taken up if farmers and other 
supply-chain players can afford them. This is likely to require 
new business and funding models, meaning that we have 
to demonstrate not only a range of technologies, but also 
the business and financing models needed to make them 
accessible to small-scale farmers and collectives.

Cold chains are an essential contributor to the United Nations 
Sustainable Development Goals. Application of clean cooling 
in cold chains delivers on three core pillars for sustainable 
food: (i) enhance the income, economic wealth and financial 
security of farmers, growers and fishers; (ii) improve food 
quality, safety, nutritional content and value to consumers; 
and (iii) achieve this sustainably with minimum environmental 
and natural resource impact.

As the World Bank’s International Finance Corporation stated 
in its report Creating Markets for Climate Business (IFC, 2017), 
“Given that most food loss and waste in developing countries 
occurs during production and after it is harvested, the greatest 
potential for reduction is investment in infrastructure related 
to storage, transport, cold chains, and distribution.”

In this special edition of Agriculture for Development, I am very 
pleased to have a range of experts with whom I work to write 
about different aspects of delivering cold chain sustainably, 
from exploring what a cold chain is, to the economic and 
social impacts, as well as the need for training and business 
innovation, not just technology. Amanda Brondy from the 
Global Cold Chain Alliance, Lisa Kitinoja, Founder of the 
Postharvest Education Foundation, and Eric Trachtenberg, 
who leads on Land and Agricultural Economy for the 

Millennium Challenge Corporation, are all global experts with 
many years of experience in international development and the 
role of the cold chain.

Pawanexh Kohli, who leads the National Centre for Cold 
Chain Development (Government of India) and has led 
the transformation of cold chain in India as a key pillar in 
increasing farmers’ incomes, looks at the opportunity of 
public-private partnership, while Mahesh Patankar of MP 
EnSystem reports back on a new study in cold chains in India 
he led for the Shakti Sustainable Energy Foundation. Tim Fox 
of IMechE also explores what one might call ‘cold chain+’, 
how the food cold chain can become the centre of a wider 
community cooling hub and a cohesive approach to cooling 
that focusses on a portfolio of societal, economic and health 
needs – something we are actively exploring in India. And 
in an opinion piece, my colleague, Dr Rosie Day, highlights 
some of the insights into the unintended consequences of 
cold chain.

The goal now is to accelerate deployment and secure the 
social, health and economic benefits that clean cold chain 
offers. As I hope this special edition of Ag4Dev demonstrates, 
done correctly this can enhance economic wealth, cash flow 
and security for rural and fishing communities. It can create 
jobs, whilst improving food quality, safety and value to the 
consumer – achieving these with minimum environmental 
impact. Not bad for a fridge.
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Abstract
The cold chain from harvest to consumer is explained, and 
its challenges and advantages are described. Cold-chain 
development is driven by consumer demand, supported by 
access to finance and government regulations. In emerging 
economies, cold-chain logistics evolve through four levels of 
development: start-up (or nascent), developing (or emerging), 
consolidation and mature (or viable). These four levels are 
defined, and then the four links in the cold chain – post-harvest, 
transport, cold storage and retail – are each characterised 
as countries move through the four levels of development. 
The article concludes that although the cold chain has the 
potential to address many current development challenges, 
including food loss and waste, economic growth, private sector 
strengthening, nutrition and even climate change (if green 
cooling initiatives are used), the challenges and complexities 
of cold-chain development should also be recognised.

Introduction
The 2011 FAO report on Global Food Losses and Food 
Waste produced the shocking and well-cited statistic that an 
estimated one third of all food produced globally is lost or 
wasted every year. Since this report was published, the fight 
against global food loss and waste (FLW) has generated support 
from a variety of interest groups, including environmental, 
health, food-security and economic-growth based non-profit 
and development organisations to determine viable and lasting 
solutions. Supplemented by equally appalling statistics – 
such as countries in sub-Saharan Africa have been found to 
lose as much as 36 percent of their harvested food, with up 
to 94 percent of these losses attributed to inefficient supply 
chains – it is no surprise that discussions on cooling and 
cold chain have become an increasingly important part of the 
conversation.

Unfortunately, cold-chain development is a complicated and 
often misunderstood process. This article seeks to dispel some 
of the common misunderstandings and lay a foundation 

for those interested in cold-chain development, especially 
in developing and emerging economies, to apply some of 
the useful lessons learned by the Global Cold Chain Alliance 
(GCCA) over the past 65 years. Cold chain is not a panacea 
for food loss. However, approached correctly, it can help 
reduce post-harvest losses and extend the usable shelf life of 
human and animal foods, with the added potential benefits of 
increasing access to healthy food, conserving environmental 
resources, reducing greenhouse gas emissions, and increasing 
economic returns along the supply chain. 

THE GLOBAL COLD CHAIN ALLIANCE

The Global Cold Chain Alliance (GCCA) represents the 
warehousing, construction and transport industries engaged 
in temperature-controlled logistics. Supporting this mission to 
grow the industry and lead the cold chain are four core partners:

• International Association of Refrigerated Warehouses 
(IARW)

• Controlled Environment Building Association (CEBA)

• International Refrigerated Transport Association (IRTA)

• World Food Logistics Organization (WFLO), a non-profit 
foundation that develops education, research and advisory 
services to develop the global cold chain.

GCCA’s 1,300 member companies cover 75 countries and 
serve the food industry by providing third-party, temperature-
controlled supply-chain services. Through the WFLO, GCCA 
members have supported more than 100 donor-funded 
international development projects in emerging economies, 
enabling GCCA to guide cold-chain development in line with 
international best practices.

The cold-chain industries in advanced economies did not 
surface overnight. Although many consumers are accustomed 
to purchasing safe, high-quality food from around the world 
without travelling beyond their nearest grocery store, the 
industry has matured and developed since the 1950s. Initially, 
this growth took place in fits and starts, led in equal measure by 

Growing the cold chain in developing and 
emerging economies
Amanda Brondy

Amanda Brondy is the Director of International Projects at the Global Cold Chain Alliance (GCCA), the 
leading trade association for the temperature-controlled logistics industry. Through its non-profit arm, the 
World Food Logistics Organization (WFLO), Amanda leads GCCA implementation of international devel-
opment projects that support the integration and standardisation of refrigerated agricultural supply chains 
around the world, with the aim of reducing post-harvest loss, improving small and medium-sized enterprise 
performance, and ultimately ensuring the provision of safe and high-quality products around the world. She 
has led assessments and activities in Angola, Bangladesh, Guinea, India, Indonesia, Liberia, Nigeria and 
the Philippines. abrondy@gcca.org
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consumer demand and government enforcement, combined 
with access to finance, a thriving economy, innovation and 
thought leadership. The cold-chain industries that developed 
were a response to the context and specific drivers within these 
consumer-driven nations (Figures 1 and 2).

Figure 1. Cold-storage warehouse in the USA in the 1950s (Photo: Mort 
 Kaplan)

Figure 2. Cold-storage warehouse in India in 2018 (Photo: Amanda Brondy)

Cold chain overview
The cold chain refers to the temperature management 
of perishable products in order to maintain quality and 
safety from the point of slaughter or harvest through the 
distribution chain to the final consumer. The cold chain, 
much like the entire supply chain, is composed of links, 
each essential to the integrity of food quality and safety. 
At the most basic level, these links include post-harvest, 
transportation, storage and consolidation, and retail. 
Processing can also play an integral part in the cold chain. 
Development of the cold chain enables farmers to diversify 
production to include high-value perishable crops that 
increase earnings, which also benefit supporting industries 
such as transportation and export, earning it the reputation 
of a ‘force multiplier’ that generates exports and opens 
new markets for multiple sectors over an extended period  
(US Department of Commerce, 2015, p. 5).

This cold chain discussion will be primarily centred on food. 
However, other products, such as pharmaceuticals and other 
medical supplies (blood, plasma and tissues), also require 
temperature control, and cold chain for vaccines is a topic 
of increasing importance as well. Regardless of the product, 
the fundamentals for a sustainable and consistent cold chain 
remain the same. The primary differentiating variables between 
products are the ideal storage conditions, where temperature 
and relative humidity are of equal importance. Products can be 
classified into different temperature zones, ranging from fresh 
products to frozen, anywhere from a chilled 15°C (tropical 
fruits and vegetables) to -30°C (ice cream). The duration of 
time in which shelf life can be extended may vary, as may the 
ideal relative humidity. Table 1 shows some of these variations 
with various fresh fruits and vegetables. 

Table 1. Cold-chain characteristics of some fruits and vegetables

Product Ideal temp (°C) Relative 
humidity  (%)

Ethylene
production

Ethylene
sensitivity

Approximate storage 
life

Lettuce 0 98-100 VL H 2-3 weeks

Mustard greens 0-1 90-95 VL M 2-3 weeks

Cassava leaves 0-2 95-100 VL M 10-14 days

Avocado (Hass) 3-7 85-90 H H 2-4 weeks

Cucumber 3-7 85-90 H H 2-4 weeks

Hot peppers 5-10 85-95 L M 2-3 weeks

Okra 7-10 90-95 L M 7-10 days

Pineapple 7-13 85-90 L L 2-4 weeks

Tomato, firm ripe 8-10 85-90 H L 1-3 weeks

Eggplant 10-12 90-95 L M 1-2 weeks

Banana 10-13 90-95 M H 1-4 weeks

Plantain 10-13 90-95 L H 1-5 weeks

Mango 13 85-90 M M 2-3 weeks

Watermelon 10-15 90 VL H 2-3 weeks

Key: VL – very low; L – low; M – medium; H – high.
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Figures 3 and 4. The shift from open-air markets to organised retail requires a willingness and ability of the consumer to pay for temperature control (Photos: 
Mike Morton [left] and Eric Sorensen [right])

Certain products, even if they fall into the same temperature 
zone, are not compatible for a variety of reasons including 
sensitivity to ethylene, odour production and/or absorption, 
or food-safety concerns. These considerations are one of the 
complicating factors to establishing a reliable cold chain.

Cold-chain drivers
As expected, economic factors such as per capita gross domestic 
product (GDP) growth, trade flows, poverty and education impact 
the development of the cold chain. On average, adding temperature 
control to a product increases the price by approximately one 
third, so strong economic growth is a good measure for likely 
success. In addition to economic data, auxiliary issues critical 
to driving cold-chain development include consumer demand, 
government regulations and access to finance.

Consumer demand
Cold-chain infrastructure is expensive. In addition to basic 
infrastructure, including access to clean water, a reliable power 
source and good roads, constructing facilities and purchasing 
transport solutions require large capital expenditure sustained 
by extensive operating costs. Some of the costs may be 
recouped by quantity and quality increases as waste is reduced. 
However, at least a portion of the cost must be passed on to the 
consumer. Therefore, a question of fundamental importance 
is whether consumers, foreign or domestic, are willing to pay 
more for products that have benefitted from cold chain.

Typically, export markets lead the demand for cold chain in 
countries with access to these markets. On the domestic side, 
GCCA experience has shown that cultural food preferences 
and disposable income are important factors for consumer 
demand. In one Central Asian country, meat was sold in 
open-air fresh markets. Temperature control was only applied 
when the meat was beginning to rot, leading to a general 
distrust of any product that had been in cold storage. In India, 
many consumers prefer to shop in markets on a daily basis, 
choosing products that have arrived straight from the farm. 
Many US consumers are expressing similar preferences, as 
can be seen by increased popularity of farmers’ markets in 
urban settings.

Access to finance
Shortage of capital is a constraint to small and medium-
sized enterprises (SMEs) looking to invest in the cold chain. 
Nigerian business owners struggle with high interest rates on 
loans needed for capital-intensive investments, often leading 
them to seek assistance from development projects. While 
projects can and often do provide valuable sources of funding, 
there are at times certain strings attached via deliverables 
and reporting that may detract, or at the very least distract, 
from the fundamental core business of managing cold-chain 
logistics.

The persistence of financing gaps is common for SMEs. Even 
if alternative financing options exist via family and friends, 
microfinance from banks, or statutory bodies, the cost may 
remain out of range, making profit elusive and creating 
shortcuts in best practices and deviations from standard 
operating procedures that lead to lower-quality products. 
Where cold chain does not yet exist as a regular practice, loan 
officers understandably have little prior knowledge of the 
business models and are reluctant to loan large amounts of 
capital for what is perceived to be a risky and little-understood 
service.

Government regulations
The lack of clear food-safety regulations and cold-chain 
standards are often cited as a concern in developing countries. 
While the concern may be valid, GCCA experience suggests 
a slightly different story when examining government 
regulations, as most countries do have regulations for certain 
food-safety protocols. Two factors obfuscate their existence. 
First, existing regulations are not enforced or are enforced 
badly. In many cases, the lack of enforcement is not malicious; 
it is a struggling government working with limited resources. 
Enforcing regulations will increase the cost of food, which 
will likely be passed on to the consumer. In countries where 
the population is food insecure and vulnerable, food-safety 
enforcement may seem like an attractive priority to move 
down the list. In some cases, GCCA has witnessed problematic 
enforcement. The sampling of food products is an important 
step in monitoring food safety; however, opening refrigerated 
containers or trailers and leaving them open for extended 
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Table 2. GCCA categories of cold-chain development

Cold-chain 
development level

Description

Start-up or 
nascent

Limited awareness of cold-chain benefits with only a few individuals involved; erratic use of cold chain, primarily for 
export or for high-end hotels, restaurants and institutions; cold-chain history is limited and not yet stable

Developing or 
emerging

Rapid growth, high energy and much activity; much time is spent developing awareness within functional areas of 
the business, with limited outreach to other integrated links of the cold chain; usually initiated on a company-by-
company basis, without association or industry oversight; high level of learning necessitated by the rapid growth and 
limited awareness; light mechanisation is introduced

Consolidating Expanding high-quality service delivery and integrated supply-chain management between sectors; independent 
companies in each sector of the industry (processing, cold storage, transportation and sales) work together to 
incorporate cold-chain principles throughout the industry; most processes rely on mechanisation

Mature or viable The integrated cold chain is fully functional in the competency areas, with businesses reaching upstream 
and downstream to ensure cold-chain integrity from harvest through consumption for exports and domestic 
consumption; being mature across all industry sectors is akin to achieving a level of true institutional viability; 
industry associations provide needed services to ensure sustainability

periods of time breaks the cold chain, leading to temperature 
fluctuations that damage the product.

Second, where regulations do exist, they may be copied and 
pasted from another government or taken from an entirely 
different industry, leading to regulations that are unreasonable 
and unrealistic. In one South American country, when 
entering a cold storage, a person must step into a sanitising 
foot bath. This is common for food processing, but for cold 
storage it can create frost. Food-safety practices written into 
regulations should be considered through the lens of industry 
best practices, and enforcement should follow accordingly. 
Engagement with the private sector or industry associations 
is a valuable way to learn about industry best practices.

Cold-chain logistics in emerging 
economies

In developing the global cold chain, GCCA has adopted a 
holistic approach that categorises each country’s cold-chain 
development into one of four levels (Table 2). 

The rest of this article will examine the links of the cold 
chain – post-harvest, transport, cold storage and retail – 
as countries move through these stages of development. 
Although each country’s route will differ, understanding the 
general pathway may help to guide the decisions that are 
made to support cold-chain growth. Finally, some countries 
may be considered nascent at one cold-chain link but 
developing or emerging at another. Categorising a country 
should be flexible, not static.

Post-harvest
Post-harvest handling involves the steps taken to pack and cool 
fresh food products immediately after harvest or slaughter. 
There is no substitute for the use of cold temperatures and 
gentle handling to reduce post-harvest losses, and these 
handling technologies must be considered prerequisites to 

any shelf-life-extending technologies. As such, these practices 
are where appropriate cold-chain interventions should begin. 
Too often, cold storage is considered synonymous for the 
entire cold chain and regarded as the first step in building a 
sustainable cold chain. There is no amount of temperature 
control that can rescue a product that has already been 
damaged. Reducing temperature and storing in proper 
conditions slows down the rate of product deterioration, 
but if the removal of field heat and steps for temperature 
control are not taken immediately upon harvest, investment 
in refrigerated transportation or storage is a disservice.

Figure 5. Use of shade while harvesting cherries in Uzbekistan (Photo: 
 Richard Tracy)

Post-harvest practices involve myriad techniques that range from 
no-cost to low-cost to highly advanced and expensive systems 
for pre-cooling and cooling. Investments in these systems can 
build as countries move up cold-chain development levels. On 
farm, it begins with the skills needed to maintain harvested crops 
at harvest temperature. At a minimum, products are protected 
from the sun and placed in shade immediately after harvest. 
Farmers harvest in cool, morning hours. Evaporative cooling, 
an alternative for countries with low humidity and access to 
water, may be utilised on farm. Evaporative forced air cooling 
can be used to reduce temperatures from ambient temperatures 
(which can be 30-40°C) to 12-15°C. Similar to fruits and 
vegetables, meat proteins are often sold as fresh products on 
the day of slaughter and do not see the cold chain until, at a 
minimum, a full day’s worth of exposure to contaminants and 
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heat. At a minimum, food-safety practices, such as cleaning 
with disinfectant as opposed to rinsing areas with water and 
washing transport packages and vehicles between each use, 
should be common practice. Where feasible, the introduction 
of cooling can break the chain of hot slaughter to consumption.

Once basic practices are adopted, mechanised pre-coolers may 
be an option. On-farm locations where pre-cooling is practised 
are in clean, covered and well-lit areas. Some producers may 
begin using reusable plastic crates to store products, as opposed 
to some traditional methods such as raffia baskets common in 
Nigeria. Some large operations may begin to palletise products.

Once pre-cooling and packaging best practices are followed 
with some regularity by the largest players, countries 
advance to the consolidating stage. Appropriate packaging 
is in use combined with mechanised cooling and well-
palletised products, although the demand for these practices 
is customarily for the export or high-end markets. Products 
for domestic consumption do not typically receive the same 
treatment, at least not on a consistent basis.

Transport
Transport is traditionally the last and most difficult link in the 
cold chain to be successfully implemented. Much of this is tied 
to the lack of road infrastructure, the poor quality of existing 
roads, inexperienced repair and refrigeration services, and the 
high cost of diesel fuel. It is also complicated by the need for 
different types of refrigerated transport, including sea, air, rail 
and road, but more specifically by the need for refrigerated 
trucking of various sizes and needs. Certain tractors, trailers 
and trucks are designed for bulk, while others are more 
appropriate for small-scale distribution. Understanding the 
return on investment for a company’s specific business case 
prior to making the investment in a refrigerated asset is another 
common challenge faced when developing the cold chain.

Countries categorised at the nascent level of cold chain can 
utilise best practices that do not involve investment in an 
expensive truck. For example, at the most fundamental level, 
the focus should be on maintaining the cleanliness of truck 
beds and cleaning cargos between transport. Assuming the 
trucks are non-refrigerated, the beds should be covered or 
shaded in a way that allows for proper air flow throughout the 
cargo. In the transporting of fruits and vegetables, this may 
be an open-air truck with slats that allow air to move between 
the products (Figure 6). Appropriate packaging and packing 
models to reduce damage inside the truck may be introduced.

Figure 6. Room for improvement exists, but this banana transport in Guinea 
does have shade and allows some air flow (Photo: Amanda Brondy)

As transport develops, and especially as post-harvest handling 
best practices are adopted, investments might be made 
either into refrigerated trucking or into technologies that can 
maintain temperature for short- or long-term distribution. 
Such technologies may include refrigerated trucks, but 
they could also include coolers, gel packs or eutectic plates. 
To facilitate these investments, companies should focus on 
loading product to minimise damage during transport, and 
scheduling delivery to avoid the hottest part of the day. When 
loading product, the most efficient model is first in/last out for 
distribution.

At the consolidation level, the utilisation of refrigerated 
transport increases, and, to distribute higher quantities of 
consolidated product, only pre-cooled products are loaded for 
transport. These companies begin to strive for global food- 
safety standards, with best practices for refrigerated transport 
and loading, full palletisation, and inventory control.

Cold storage
As stated earlier, introduction of cold chain into a developing 
country too often involves cold storage only, with storage 
considered the first step to building a cold chain. In locations 
where there may not yet be a business case for investment in a 
small or large-scale facility, the use of non-mechanised means 
to maintain temperature is a low-investment introduction. 
This can involve something as simple as a root cellar. Zero-
energy cool chambers can also be used to store products for 
short periods of time in locations with low humidity.

Where the decision is made to invest capital into building 
a facility, due diligence should be made to ensure that the 
cold storage is part of a cohesive chain (with pre-cooling and 
transport as appropriate). Facility owners should understand 
the importance of cleanliness and hygiene for food safety, 
and the importance of avoiding temperature fluctuations 
for food quality. Facility size and design should be based on 
comprehensive market studies that account for volumes 
and products. Room for expansion, access to potable water, 
location for transport options and access to a power source 
must all be factored into business decisions, as should the 
refrigeration system and refrigerant use. The CoolBot has 
been a low-cost method of introducing cold storage with air-
conditioning units (Figure 7).

Figure 7. CoolBot in a cold storage in Uzbekistan (Photo: Richard Dowdell)
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As facilities develop and grow, they focus on cleanliness 
and food safety and evolve from cases to palletised storage. 
Mechanisation, such as the use of equipment like pallet jacks 
and fork lifts, increases, as does investment into equipment 
such as ethylene scrubbers and fans, allowing individuals to 
meet a greater complexity of cold-storage needs.

One trend for cold storage in developing and emerging 
economies is the use of solar-powered cold storage (Figure 8). 
Technologically, these work well to maintain temperature on a 
small scale, as most storage units are the size of a refrigerated 
container or smaller. The difficulty with scalability has been the 
return on investment for small-scale farmers or small-business 
owners. The price point for importation or installation of a 
solar-powered unit has not yet come down low enough to be 
accessible on a large scale.

Figure 8. Companies like ColdHubs in Nigeria are installing grid storage solu-
tions (Photo: Nnaemeka Ikegwuonu)

Generally, initial investments into cold storage are made by 
high-end retailers or vertically integrated companies that 
are investing to protect their own brand. The idea of a third-
party logistics service provider gains strength in consolidating 
countries which have graduated to the level where temperature 
control is valuable enough to be paid for as a service, which 
enables other companies, such as retailers, to focus on their 
core competency, such as marketing and selling product.

Retail
Often neglected when discussing cold-chain infrastructure, 
the last link in the chain may be where the most breakdowns 
occur, especially in countries with large port-based capitals. 
Product moving into the interior of the country does not often 
benefit from the cold chain, and, upon arrival, retailers may not 
understand commodity storage practices for different products.

Most fresh fruit and vegetables in markets are displayed under 
ambient conditions, which expose them to high temperatures. 
This causes the softening and shrivelling of fruits and vegetables, 
making the produce unmarketable. When working with retailers 
on cold-chain practices, especially within country interiors 
which may have little or no access to energy and refrigeration, 
the use of fundamental temperature-control practices is still 
applicable. Examples include shading product, air flow, and 
food-safety practices such as washing hands and crates.

As cold chain grows, the availability of refrigerated display 
cases may increase among retailers. Initially, these may be used 

only for drinks, ice cream and expensive products (Figure 9). 
On a recent trip to India, one retailer noted that when they 
first entered the market, almonds were stored in refrigerated 
retail display cases while apples were left out in ambient 
temperatures. The expectation was that because almonds were 
a more expensive product, they should receive the temperature 
control. As food-safety concerns and consumer demand 
increase, these cases may be used by other products. Basic 
operational practices such as cleaning, temperature display 
monitoring and closing the doors are important, especially as 
these inefficient practices increase costs of refrigeration and 
cause temperature variations.

Figure 9. High-value products such as fish are more likely to receive tempera-
ture control (Photo: Nikki Duncan)

Consolidation happens quickly as organised retailers access a 
larger share of the market and respond to consumer demands. 
At this stage, retailers may include their own cold rooms in 
addition to the refrigerated displays, with proper inventory 
management, appropriate packaging, separation of product by 
appropriate temperature zones, and the use of cold room for 
additional products that are not currently on the retail floor. 
Training of staff on commodity storage and best practices 
begins to occur as retailers seek to protect their investments.

Conclusion
Cold chain has the potential to address many current 
development challenges, including food loss and waste, 
economic growth, private sector strengthening, and nutrition. 
Combined with green cooling initiatives that alleviate 
concerns on climate change, it is easy to understand how it 
may be viewed as a one-stop solution. Although exciting as 
an opportunity, the complexities of cold-chain development 
should also be recognised. Doing so will enable development 
practitioners and cold-chain stakeholders to adequately and 
realistically address these challenges through projects that 
view the cold chain as it is: interconnected links that support 
the logistics and distribution of safe, high-quality food.
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Newsflash
UK and China scientists develop world-first  
cold-storage road/rail container
University of Birmingham experts have worked with one of 
China’s biggest railway rolling-stock companies to develop the 
world’s first shipping container using materials that store and 
release cold energy.

Using phase change material (PCM), Birmingham scientists 
and their counterparts at China Railway Rolling Stock 
Corporation Limited (CRRC) Shijiazhuang have developed a 
‘refrigerated’ truck-to-train container that is easier and more 
efficient to operate than conventional equipment.

Once ‘charged’, PCM inside the container – which can be 
transferred from train to truck and vice versa – can keep the 
inside temperature between 5° and 12°C for up to 120 hours. 
The technology has recently completed commercial trials 
carrying real goods for 35,000 kilometres of road and 
1,000 kilometres of rail transport across different climate 
zones.

Professor Yulong Ding, Director of Birmingham Energy 
Storage Centre, who led the research at Birmingham, 
commented: “Energy storage is an area of world-leading 
expertise at the University of Birmingham, and cold-chain 
technologies research is one of the most important topics at 
our Centre for Energy Storage.”

“We have developed a productive collaboration with CRRC 
Shijiazhuang, and this innovative technology marks the 
beginning of developing an efficient and economic rail and 
road freight cold chain.”

“We are proud to contribute to the development of safe and 
clean low-carbon energy technologies in China and beyond, 
which will ultimately help us to reduce the energy burden on 
our planet and tackle climate change.”

Cooling is essential to modern society, which already emits 
twice the global greenhouse gases of shipping and aviation 
combined; the cold chain is also a significant cause of pollution. 
Increasing demand for cooling will result in spiralling energy 
usage with a potentially disastrous environmental impact, if 
left unchecked.

“Without ambitious intervention, research shows that energy 
demand from cooling could increase fivefold by 2050, putting 
an increased pressure on global energy resources,” said Prof 
Ding. “How the world meets its demand for cooling could 
have a major impact on climate change and air pollution.”

Work on the project began in October 2017 with Birmingham 
researchers developing PCM materials and fabrication 
techniques, cold-storage device design and testing, cold-
charging method and design.

CRRC was the project sponsor, and its work included the 
manufacturing and installing of cold-storage devices into the 
container, data-logging and IT, real application demonstration 
and testing.

Two standard containers were used for trials with a range of 
goods including vegetables, flowers and fruit. Researchers 
used organic-based composite PCM, which was reformulated 
for enhanced thermal properties and charged using a fast-
acting mobile device.

Several cold-chain logistics companies in China have expressed 
strong interest in the container, which provides a more stable 
temperature than mechanical units and hence a higher quality 
of goods at the destination.

The container does not need a power supply during its journey, 
making transfer between road and rail easier. The container’s 
location and temperature can also be monitored in real time 
using mobile communication technologies.

Founded in 1905, CRRC Shijiazhuang is China’s largest railway 
truck maintenance company and rail vehicle air-conditioning 
equipment manufacturer. It is also striving to become a major 
manufacturer of new-energy vehicles in China.

The University of Birmingham is ranked amongst the world’s 
top 100 institutions; its work brings people from across 
the world to Birmingham, including researchers, teachers 
and more than 6,500 international students from over 150 
countries.

The history of collaboration between China and the University 
of Birmingham dates back almost to the foundation of the 
University in 1901. The China Institute was created to reflect 
the extensive academic activities that University staff and 
students undertake in China.

University of Birmingham
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Abstract
Cold-chain has colloquially been interpreted as cold 
warehousing, and primarily equated as yet another medium to 
store surplus agricultural produce, to meet delayed or deferred 
demand. Whereas this model may be applicable for a small 
range of perishable produce, the far larger opportunity from 
cold-chain arises when it is applied as a dynamic integration 
of a chain of logistics activities, to expand the selling range of 
perishable produce. This paper discusses these aspects from 
the Indian perspective, with special focus on fresh horticultural 
produce. The discussions emphasise the role of cold-chain 
logistics, and how it serves as an enabler for improving the 
efficiency of agriculture. The paper explains the untapped 
opportunity of using cold-chain to connect farm output with 
wider markets, instead of merely using cold warehousing to 
build inventory waiting for local demand to resurface.

Background: India’s food status
In 1947, when India became an independent republic, it had a 
population of about 330 million, and many doubted if it could 
ever become self-sufficient to feed its masses. For a few years 
thereafter, the subcontinent was made infamous with frequent 
famines and dependence on foreign supplies to secure food 
for its citizens. However, by the start of the 1980s, thanks 
to advancements under the Green Revolution, the country 
transformed from a starvation zone to an exporter of food.

The Green Revolution encouraged intensive agriculture that 
required the extensive use of agricultural technologies to 
increase the yield per unit of land, and thus cope with growing 
demand for food and other commodities from an increasing 
population. It almost exclusively focussed on the production 
side of the value cycle – promoting double cropping, intensive 
use of fertilisers, new seed varieties, irrigation and farm 
mechanisation. It also sought to bring more land under 
farming.

As a result, in 2019, despite the fact that India’s population 
has grown fourfold since independence, the country is less 

concerned about the production of food and more about 
managing surpluses. The new problem statement is avoiding 
losses in the food distribution chain, and the focus has shifted 
from erstwhile food security towards nutritional security.

Technology in agricultural 
production

Though encompassing multiple climatic zones, India’s 
agriculture is largely tropical. Its agroecology is most suited to 
the year-round cultivation of vegetables, fruit and other flora. 
This has also influenced the region’s diet, with the Indian food 
plate apportioning the biggest share to plant food.

The fear factor driving intensive agriculture in India was 
rooted in the fact that it housed one fifth of the world’s 
population, on about 2 percent of global land area and with 
only 4 percent of the world’s freshwater. Food security was a 
prime objective.

The prevailing philosophy stemmed from two well-known 
theories: the Malthusian and the Boserupian. The first 
propounded that populations typically grow at geometrical 
rates, facing catastrophic de-growth to balance food production 
which only grew at arithmetical rates. The second posited that 
agricultural intensification would change food production 
rates to suit population change; when push comes to shove, 
technology would step up to avert disaster.

Since the advent of the Green Revolution, India witnessed a 
multifold increase in production across agricultural sectors, 
and this far outstripped population growth during the same 
period, which is now half its former rate and in 2018 was 
1.2 percent per annum. In 2018, India produced 285 million 
tonnes of food-grains, and horticulture production was 306 
million tonnes. A milk revolution ensured raw milk production 
of 167 million tonnes. Compared with the start of the 1960s, 
India now harvests 40 times as much tomato, 14 times more 
potato, 8 times more wheat, 3 times as much in poultry and 
meat, 13 times more fish, 8 times more milk and almost 40 
times more eggs.
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Table 1. Annual production in 2018 of major products in India

Horticulture
Production 
(million 
tonnes)

Livestock
Production 
(million 
tonnes)

Potato 48.53 Inland fish 8.77

Onion 22.07 Marine fish 3.56

Tomato 19.38 Fish 12.33

Brinjal 12.83
Butter & 
ghee

5.6

Banana 31.08
Meat & 
poultry

7.70

Mango 21.25 Milk 176.3

Citrus 12.51 Egg
95.2 billion 
pcs

Aromatics, 
honey, 
cashew, 
floriculture, 
etc.

21.70 Field crops
 (million 
tonnes)

Spices 8.37 Wheat 99.70

Fruits 97.06 Rice 112.91

Vegetables 179.69
Other cereals 
& pulses

72.22

Total 
horticulture

306.82 Sugar cane
376.91

Source: Annual Reports of Ministry of Agriculture, Government of India

Conventional thought was that developing countries such as 
India, as they progressed, would shift preference from fresh 
to industrially processed food products. Conversely, however, 
growing affluence of consumers resulted in far higher growth in 
demand for fresh fruits, vegetables, dairy and animal proteins. 
Greater health consciousness also buttressed the preference 
for fresh farm produce, and processed products increasingly 
got relegated to convenience foods. This trend brought about a 
greater appreciation of cold-chains that connect fresh produce 
with widely dispersed demand.

Lessons learned
Though great advances were made in agricultural production 
thanks to the Green Revolution, new and drastic effects 
surfaced. Food security fears and a complicated mix of 
economic, geographic and political factors had resulted 
in indiscriminate use of chemicals, water and non-viable 
cropping patterns. The intensive agriculture technologies had 
created critical threats to sustainability.

Both the Malthusian and Boserupian theories had correlated 
population (or demand) with food production (or supply). But 
when demand is away from the farm production base, then 
production does not always translate into supply, and the 

supply side of the equation stays incomplete until supply is 
fulfilled with physical delivery. Surplus production at farms 
that does not reach consumers is not only an economic loss, 
but detracts from efforts to produce more. In the modern 
context, if production is to be equated to supply, then supply-
side logistics connectivity is the new imperative.

Despite higher production, a seemingly disassociated 
inflationary pressure on food items is also seen. This inverse 
relation between production and price tells us that all is not well 
and a failure in delivery systems is indicated. In India, despite 
sufficient and surplus production, undernutrition prevails 
and hunger is not eradicated, primarily due to inadequate and 
inefficient supply logistics.

Without effectual delivery systems, any efforts to produce more 
may well be an exercise in futility. In effect, production alone 
does not equate to supply of food – the missing condition 
being physical and effective market connectivity, ie a good 
food-distribution mechanism is critical. A major lesson is 
that, no matter how much food we harvest, if the logistics 
mechanism is unable to cope with the flood of farm produce, 
the losses that result will nullify any benefits imagined; the 
farm output must result in gainful outcomes.

These lessons are applicable to all production-rich regions of 
the world, such as the tropical agriculture zones where there 
is a deficit in food and nutritional security. At times this is 
due to geopolitical reasons, but in many cases the nutritional 
insecurity is caused by an ineffective logistics channel between 
the farm output and end-consumer.

Food loss and waste
Most people do not realise that agriculture is the world’s first 
solar-powered enterprise. This ‘green’ enterprise harnesses 
human effort and the energy of the sun to produce useable 
products. Such produce serves not only as food for humans, 
but also as feed for livestock and raw materials for industries. 
The fact is that there is no future to civilisation, no smart city 
or industrial development, without securing the output from 
an associated agrarian economy. Such linkage will become 
even more critical as pockets of specialities develop globally, 
with agriculture re-emerging as a force in future geopolitical 
strategies. A society disconnected from agriculture cannot 
survive in the long term, and how we handle the output from 
farms is already gaining global attention.

In developing such connectivity, care is needed to prevent loss 
of goods in the process. Every kilogram wasted due to improper 
post-harvest handling and logistics is a loss multiplied in terms 
of resources wasted. The loss of farm produce is most critical 
when dealing with perishable produce such as dairy, meats, 
fish, fruits and vegetables. Floriculture, medicinal plants and 
some biological by-products are some non-food produce in the 
same category.

Different food types have inherently different perishability 
constraints. Meat and fish are comparatively safe if rapidly cooled 
to below -18°C (in fact, the cooler the better), where the external 
living microbial activity is largely rendered dormant, minimising 
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postmortem decomposition. Conversely, for fruits and vegetables, 
colder is not better, as they will perish if kept below their freezing 
point. The injury temperature (chill injury temperature) is 
individual to each produce type, depending on its biology. To 
keep such fresh produce alive and fresh, besides controlled 
temperature, requires optimal humidity and supply of breathable 
air (oxygen). Whilst alive, the living tissues of vegetables avoid 
the onslaught of decomposing influences, but with demise, decay 
sets in rapidly. Cold-chain management therefore needs to cater 
to differentiated parameters for the goods under care.

Cold-chain maintains the life force in fruits and vegetables, and 
thereby extends the marketable life of fresh farm produce. This 
life extension varies with the type of produce. For instance, 
potatoes and apples kept under good cold-chain management 
can remain marketable for many months and even across 
till the following season, but for the majority of fresh farm 
produce, the best of cold-chain only ensures a few more weeks 
of life. Extended shelf life through cold-chain will dictate the 
saleable cycle and the time available to connect the product 
with the consumer. Mismanaging the timelines raises risk and 
causes food loss.

When looking at food loss and waste, one unambiguous 
rationale stands out: food is farmed with the sole aim to 
consume what is harvested, and food is squandered if this 
intended end use is not met. Food consumed is food saved. 
Not connecting with consumers, or reaching in discarded 
condition, is loss of food and associated inputs. To quantify 
the inputs, value is also consigned to the water, labour, 
transport, energy, etc, and the sum total is the loss incurred 
in inputs alone. The loss is further increased when factoring 
in the sustainability: both environmental and economic 
sustainability are factored in.

Ineffective delivery systems also limits producers’ valuation 
to near-farm demand. With proper logistic facilitation, more 
distant demand can be served, and production growth is 
justified. This carries more importance in the case of perishables, 

where the supply lines are always time-limited. Merely applying 
refrigeration will not prevent food loss, but the whole package 
of cold-chain logistics is required to ensure that produce is able 
to reach a wider range of consumers, regularly and efficiently.

Redefining the cold-chain
It used to be common understanding that storing perishable 
produce in cooled warehousing space would solve the problem 
of food loss. However, holding produce in cold stores and 
excluding other interventions only defers the inevitable decay 
of the product. The pressure to reach consumers remains, 
and whether the produce has a holding life of a week, or forty 
weeks, the products must reach consumers before they expire, 
preferably about a week in advance to ensure its presence on 
the shop shelves, ie shelf life.

The logic behind cold-chain is related to time management – 
how to buy more time, and how best to utilise the extended time 
(see Figure 1). The cold warehouse is a middle-stage component 
in the supply chain, designed to buffer the delivery system. All 
produce on hold will eventually decay, and hence cold-chain 
management is not focussed on storage, but on delivery.

Depending on the holding period, the time at hand is divided 
into stages in the logistics chain, either to drip-feed the local 
markets over that period, or to use the enhanced time to traffic 
distances and expand the selling range. The first may work 
fine in case of meat, fish and some hardy crops. With milk and 
most fruit and vegetables, the better option is to use cold-chain 
to transit rapidly to final destination. Even with meat and fish, 
dynamic cold-chains aim to connect with demand, improve 
cash flows and expand into new markets.

Market expansion is vital if productivity gains on farms are 
to translate into gainful productivity. In case of perishables, 
widening the market radius requires using technologies 
that temporarily offset perishability, so that the extra time is 

QSR =  quick service restaurant

Figure 1. Holding life is not the same as shelf life (Source: Pawanexh Kohli)
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available to bridge the distances. The cold-chain empowers 
producers by allowing for cross-geography access or distance-
price arbitrage, as well as time arbitrage or cross-seasonal 
trading. Without the cold-chain, the consequence is a local 
glut, where production in surplus to near-farm demand has a 
negative impact on price, or there are no buyers at all. In an 
era of technology-driven agriculture, any increase to farm-level 
productivity must be met with a matching multiplier in its 
consuming base.

Any loss on the supply side also has immediate ramifications 
on value captured and inflation.

For agricultural growth, there is equal need to grow markets. 
This is best achieved by developing dynamic supply chains, 
designed as bridges that link the rural farmscape with multiple 
high-density population centres (Figure 2). Expanding the 
reach to more markets is key to reducing loss and waste, 
making agriculture economically sustainable.

Figure 2. Logistics is the bridge that ensures that farms are gainfully produc-
tive (Source: Pawanexh Kohli)

Building the right capacity in cold-
chain

The Government of India has been providing financial 
support to create cold storage since 1999. This encouraged 
the private sector in India and resulted in the creation of 
refrigerated warehouse capacity of approximately 135 million 
cubic metres – this is the largest capacity in temperature- 
controlled space in the world. However, other necessary 
components that integrate into a cold-chain were largely 
overlooked.

To aid in the development of cold-chains, the Indian 
Government decided to establish an independent body 
of stakeholders, tasked with bringing greater coherence 
to the nation’s cold-chain development. February 2012 
saw the formal birth of the National Centre for Cold-chain 
Development (NCCD). NCCD is required to prioritise 
horticulture supply needs, but also considers the needs of 
other allied sectors.

The creation of NCCD was originally recommended, by a task 
force on cold-chain set up by the government in 2007, to 

function as an agency that would manage and implement 
the schemes of the Government. However, by 2012, in its 
incubation phase, inputs from domain experts brought fresh 
comprehension to the matter. Recognition set in that the 
earlier construct was based on dated perceptions, and some 
previous references had errors and omissions. Meanwhile, in 
the interim, a lot of developments had materialised along 
with new infrastructure creation. It was therefore decided to 
establish NCCD as a public-private knowledge partnership, 
to re-examine strategic assessments and to maintain 
relevance with future developments. NCCD evolved as a 
policy think tank, and its primary task is to assist policy 
makers in rationalising the Government’s programmes for 
greater effectiveness and efficiency, keeping in touch with 
new advancements and developments in India. This led 
to a restructuring of related schemes, including fiscal and 
financial support for cold-chains in India. The following  
are some aspects spearheaded by NCCD that help to  
drive a change in approach in cold-chain development 
programmes.

Cold stores are only one piece of the cold-chain. All inventory 
has a time limitation; even hardy grain will perish if left in 
storage. Storage by itself is not a solution.

Cold-chain is not about preservation; it applies technology 
to stretch the marketable time of a perishable product, for a 
finite duration.

Cold-chain buys time to temporarily extend the saleable 
life. The time in hand should be fruitfully utilised to expand 
market reach, especially for highly perishable fresh produce. 
The time matrix design is determined by the saleable life span 
of the product, and the time taken to connect with markets to 
complete the economic cycle.

Food loss can be reduced only by ensuring that all the 
harvested produce reaches its intended end use. Food loss 
in the delivery chain is avoidable through use of technology, 
and loss in the hands of consumers is called waste, requiring 
greater social awareness.

Food loss adds needlessly to greenhouse emissions, 
contributing to climate change. The answer is to bring what 
is produced to gainful end use. Without cold-chain all will 
be lost, with cold-chain connectivity there is scope to realise 
gainful use of the produce.

Understand cold-chain as a physical conduit to markets, 
with transport and storage systems being key parts. Used as 
a logistics bridge to market destinations, cold-chain is always 
successful, as it not only expands the geographical reach 
of producers, but by doing so it provides impetus to drive 
productivity at farms.

Cold-chain is an energy-intensive application, and any 
indiscriminate use of technology can lead to undesired hazards. 
Future development must emphasise innovative thermal 
management and new energy systems, and not merely focus 
on optimising its existing fuel or electricity consumption.

Much as a greenhouse is not a green-coloured residential 
structure, the cold-chain cannot be literally translated as a 
chain of refrigeration. The concept of cold-chain is frequently 
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lost in translation when read as two separate nouns, ie ‘cold 
chain’. The cold-chain refers to all the logistical processes 
applied to maintain multiple parameters, during the pre-
conditioning, handling, transport, storage and retail of 
perishable products. The cold-chain should be understood as 
the merging of various logistic practices that safeguard the 
perishable produce under care, in the post-production phase of 
its life cycle. India’s NCCD insists on hyphenating the words, 
cold-chain, to impress upon its compound nature, one that 
includes managing various aspects of packaging, atmospheric 
gases, biology, injury, humidity, traceability, infrastructure, 
people and product flow, besides thermal management. In 
fact, temperature control is effective only when the other 
aspects are in synch. Cold-chain intervention is best used if the 
primary agenda is to reach more shelves and increase access 
to more buyers.

The future
Various studies have validated that indiscriminate use 
of technologies in intensive agriculture has stressed 
agroecosystems to extremes, resulting in new environmental 
challenges. The same should not result from injudicious 
development of cold-chains, which are energy-intensive 
systems. The future can be safeguarded by understanding and 
discerning both thermal management and energy management, 
promoting innovative applications and encouraging clean 
technology. Further, an ecosystem approach is required, in 
which energy efficiency, operational efficiency and systemwide 
efficiency are used as outcome measures.

When detailing interventions to achieve the Sustainable 
Development Goals (SDGs), India set the target to double 
agricultural productivity and incomes of small-scale food 
producers, etc, by 2030. This timeline was effectively advanced 
by 8 years when India’s Prime Minister challenged policy 
makers, technology providers, scientists and other stakeholders 
to double farmers’ income by 2022. A comprehensive set 
of transformative strategies was developed by a committee 
constituted for this purpose. The Committee on Doubling 
Farmer’s Income has positioned agri-logistics as the backbone 
of its strategies that aim to make the farming system profitable 
and sustainable. The cold-chain features strongly to secure 
these targets, and greater focus on refrigerated agri-logistics 
can be expected.

Conclusions
Until recently, the typical fresh food supply chain was quite 
simply a matter of routine. Most cities adjoined lush fertile 
farmlands; the surrounding farmers would harvest their 
produce in the early morning, and rush their small lots into 
local market hubs. By the time the consumer upped to buy 
their daily basket, the local grocer or street vendor was ready 
with that day’s fresh supply. This was a highly fragmented, yet 
effective, food supply system, as it ensured that each morning’s 
fresh harvest was on tables well within 24 hours. There were 
those awkward vagaries of weather and unbalanced supply, but 
the consumer understood these problems.

Today, not only are farmlands pushed away from cities, but 
demand has outstripped local farm capacity, and the cities 
themselves have turned into traffic bottlenecks, adding to 
transit time. What now reaches consumers’ homes was 
probably harvested a couple of days or more ago, and the 
natural life cycle of fresh produce is getting stretched! The 
extended transit time, compounded by the perpetually growing 
demand, is challenging. The produce saleable life cycle needs 
to be extended, and large volumes need to be organised, ergo 
the cold-chain!

Producing sufficient quantities of food is not the immediate 
concern; rather, today’s apprehensions relate more to securing 
easy and affordable access to nutrition, of minimising post-
harvest losses, and improving resource use and input 
management. Regions with the ability to produce in surplus 
require systems that help expand their market reach to connect 
with demand farther afield to sustain growth.

There is no alternative, no substitution to the cold supply 
chain. This is the only logistics system that intrinsically and 
directly impacts the value of its cargo, whether in cold storage, 
distribution hubs or en route in transport. It demands a far 
higher standard of commitment from all its stakeholders.

As the global population grows, nutritional security, as well as 
environmental security, come to the fore. Cold-chain manages 
these concerns by ensuring that the produce under its care 
reaches gainful end use, thereby minimising the negative 
impact of food loss on our rapidly depleting natural resources. 
The future of humankind requires that cooling and cold-chain 
are better understood, are properly deployed, and continue to 
contribute to global nutrition, health and environment.
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News from the field

Cold into cash: reinventing Kenya’s rural food systems
Cicily Wanjira has a big smile when she shows off the plump 
mangoes dangling from 600 trees on her small rural farm 
175 kilometres (109 miles) north of Kenya’s capital, Nairobi. 
But the smile quickly turns to a scowl when the topic turns to 
selling her fruit.

Figure 1. Cicily Wanjira, a smallholder rural farmer checking her mangoes 
(Photo: Peyton Fleming)

Like most farmers in this lush-green agricultural region, 
Wanjira sells her crops through local brokers, who buy directly 
from farmers and then transport the goods to major markets 
in Nairobi and outside the country. Brokers are widely disliked 
by growers, farmers says, because they are unreliable and pay a 
pittance for their crops. However, farmers have little choice but 
to sell to them: lacking refrigeration to keep their perishable 
crops fresh, they sell to brokers or don’t sell at all.

“The brokers are not good,” Wanjira says, recalling how they 
rarely showed up last season when her mangoes were ripe. And 
when they did arrive, they paid only 5 to 6 Kenyan shillings 
per kilogram, a far cry from the 60 shillings mangoes were 
fetching at Nairobi retail markets (Ambuko, 2018). Her year-
end seasonal sales were disastrous: she sold only one quarter 
of the mangoes she grew; the rest were left rotting behind her 
house. “I dug a hole and buried them,” she says.

Wanjira’s experience is too often the norm for millions of 
small-scale rural farmers across Kenya and the rest of Africa. 
Nearly a third of the food farmers grow in sub-Saharan Africa is 
lost due to lack of refrigeration, poor market access and other 
related factors (Muther, nd). Annual food losses for fruit and 
vegetables are an estimated 40 to 50 percent.

These losses have devastating ripples through rural 
communities. In addition to causing low farmer incomes, 
food loss is a major reason why hunger, malnourishment and 
broader economic poverty are endemic in rural Africa. Sub-
Saharan Africa has the largest concentration of poor people in 

the world, most of them agriculture-dependent populations 
living in rural areas (World Bank, 2018).

Children suffer the most from these losses. The lack of access 
to fruit, vegetables and other nutrient-rich food is growth-
limiting, causing stunting for millions of African children 
(Muther, nd). In particularly poor countries such as Ethiopia, 
38 percent of children under 5 suffer from chronic malnutrition 
(stunting or low-height-for-age) (USAID, 2018).

Yet, despite these sobering statistics, relatively little has been 
done to curb post-harvest food losses in Africa in recent decades. 
According to the Food and Agriculture Organization of the 
United Nations, 95 percent of agricultural research investments 
in sub-Saharan Africa over the last 30 years have been directed to 
increasing productivity, with only 5 percent aimed at reducing 
food losses (FAO Regional Office for Africa, 2016).

“For too long, food losses have been a blind spot in the 
development agenda,” says Toby Peters, an expert on food 
cooling technologies and Professor in the Cold Economy at the 
UK-based Birmingham Energy Institute. “We cannot address 
rural poverty without cold chains extending the life of crops 
while connecting farmers to markets.”

But slowly, momentum is shifting. Advances in affordable off-
grid cold-storage technologies, combined with new initiatives 
to help rural farmers pool their resources, are creating ripe 
opportunities to reshape Africa’s rural food systems and cut food 
losses. Academics, NGOs, governments and diverse businesses 
– ranging from corporate giants such as Coca-Cola to start-
ups such as InspiraFarms (www.inspirafarms.com) and Twiga 
Foods (twiga.ke) – are all jumping in (TechnoServe, 2016).

Two-step effort
It is a two-step effort. The first step is helping rural farmers 
gain access to cooling technologies – many running on solar 
power. The second is helping farmers use scale – by pooling 
and cooling their crops – to gain critical leverage in deciding 
when and to whom they sell their goods.

“By bringing smallholder farmers together with cold storage, 
they can bring their goods together and then negotiate with 
the buyer,” says Dr Jane Ambuko, a senior lecturer at the 
University of Nairobi, who is spearheading several post-harvest 
food projects in East Africa. Having shared cooling also enables 
better processing practices, she says. “With a cold room, you 
can have 10 tons of product nicely graded, sorted, packaged 
and ready to be collected [for buyers].”

One of Ambuko’s projects is the Karurumo Horticultural Self-
Help Group in Embu County, a consortium of three-dozen 
local farmers, including Cicily Wanjira (Ambuko, 2018). With 
US$300,000 from the Rockefeller Foundation (2016), the 

https://www.nation.co.ke/business/seedsofgold/Easy-way-to-put-money-in-mango-farmers-pockets/2301238-4354534-vbjx4wz/index.html
https://www.sharedvalue.org/sites/default/files/resource-files/YieldWise Case_Final.pdf
http://pubdocs.worldbank.org/en/911401537279777945/PSPR2018-Ch1-Summary-EN.pdf
https://www.sharedvalue.org/sites/default/files/resource-files/YieldWise Case_Final.pdf
https://www.usaid.gov/what-we-do/global-health/nutrition/countries/ethiopia-nutrition-profile
http://www.fao.org/africa/news/detail-news/en/c/397431/
https://www.technoserve.org/index.php/blog/a-shared-value-approach-to-post-harvest-losses
http://www.inspirafarms.com/
https://greeninkltd-my.sharepoint.com/personal/g_manners_greenink_co_uk/Documents/TAA - Ag4Dev journal/Ag4Dev36/Ag4Dev36 feedback/www.inspirafarms.com
https://twiga.ke/
https://twiga.ke/
https://twiga.ke
https://www.nation.co.ke/business/seedsofgold/Easy-way-to-put-money-in-mango-farmers-pockets/2301238-4354534-vbjx4wz/index.html
https://www.rockefellerfoundation.org/our-work/initiatives/yieldwise/
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farmers have built a cluster of cold-storage buildings that 
allow mangoes, bananas, tomatoes and other local crops to 
be kept fresh. Two of the units, a brick-and-sand cooler and a 
charcoal cooler, are decidedly low-tech and rely on evaporative 
cooling. When water evaporates from the wet charcoal and 
sand, it removes the heat from the stored produce. The units 
are attractive because they are low cost, use no energy and can 
be built with local materials.

The farmers are also using a third, outdoor fruit-drying unit, 
powered by a solar panel, which is making dried mangoes, 
tomatoes and banana chips that can be sold at better prices.

Launched in 2018, the pilot project in Karurumo is all about 
increasing the value of the farmers’ crops and getting higher 
prices when they’re sold to buyers. Already, Ambuko says, a 
company has expressed interest in exporting the dried fruit 
products to the Middle East and Europe.

“Once we have the quality products, the prices [we get] will 
go up,” says Aloys Mbogo, a retired farmer who is chairperson 
of the Karurumo Horticultural Self-Help Group.

Supply chain fixes
Ambuko isn’t the only one trying to reinvent East Africa’s 
rural food systems. Since 2014, Twiga Foods (nd) has built an 
extensive supply chain enabling 10,000 rural farmers in Kenya 
to sell their crops directly to retail outlets, kiosks and market 
stalls across Nairobi. More than 100 tons (91 metric tonnes) 
of fresh fruits and vegetables are being trucked from rural 
farms into Nairobi every day. The produce is then processed 
and packaged at a major warehouse in Nairobi (Otieno, 2018) 
before being distributed to 5,000 street vendors around the 
city. Because the crops are collected and moved to Nairobi in 
less than 10 hours, no cooling is needed in this part of the 
supply chain.

Figure 2. Bananas are collected from rural farmers before being transported 
to Nairobi, where they’ll be ripened in cooling units (Photo: Peyton Fleming)

Twiga is also helping farmers with its extensive cold-storage 
capabilities in Nairobi – much of it being provided by 
InspiraFarms.

InspiraFarms’ 20 cold-storage units (InspiraFarms, 2019) at 
the Twiga facility have multiple benefits. They use 70 percent 
less energy than traditional refrigeration systems and have up 
to 2 days of thermal backup capacity for when the electricity 
goes down, which happens most weekends in Nairobi. (Inspira 
also sells solar-powered cooling units that can be used in 
regions with no electricity.) The units also have equipment 
to control the ripening process for all fruits and vegetables. 
Bananas, Twiga’s biggest product, are typically ripened for 
6 days before being distributed to city vendors; only 1 percent 
of the bananas are lost.

Figure 3. Bananas after being ripened for 6 days in InspiraFarms’ high-tech 
cooling units at the Twiga Foods warehouse in Nairobi ready to be sold across 
the city (Photo: Peyton Fleming)

The overall result is a win-win for rural farmers and urban 
vendors alike. By cutting out the brokers and other 
intermediaries, farmers get a higher premium by selling 
directly and regularly to Twiga, while the vendors pay less than 
they would if working through a broker.

Among the farmers benefitting is Alvan Muriithi, an Embu 
County grower who leases 3.5 acres (1.4 ha) to grow pawpaw, 
banana, tomato and maize. Since switching to Twiga just a 
few months ago, his profits have gone up. He recently sold 
125 kilograms (276 pounds) of pawpaw at 30 shillings per 
kilogram, nearly double what he was getting from local brokers.

“They pay well, I’m assured of my payment and they don’t 
have so many conditions,” says Muriithi, who is now making 
enough money to send his two children to private school.

With tens of millions of smallholder farmers in sub-Saharan 
Africa alone, Twiga’s and Inspira’s efforts are still in the early 

https://twiga.ke/twiga-story/
https://founder360mag.com/exclusive-tour-of-twiga-foods-revolutionizing-informal-grocery-markets-in-kenya/
http://www.inspirafarms.com/products/
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stages – and financing for large-scale global expansion is a key 
challenge (Rodriguez, 2018a).

But both businesses are growing. Twiga is looking to expand 
to other major cities in Kenya and Tanzania. InspiraFarms 
recently delivered 10 solar-powered cold-storage units to 
Rwanda that will benefit as many as 100,000 smallholder 
farmers (Rodriguez, 2018b). The project is backed by the 
Rwandan Government and the World Bank.

Luke Davey, Inspira’s East Africa Operations Manager, says 
the growth potential is huge, especially in regions with no 
electricity. He refers to the 10 cooling units installed last 
autumn at six remote locations across Rwanda, none of which 
have electricity. With their first-ever access to refrigeration, 
rural farmers will have an opportunity to grow high-profit 
exports products, such as flowers. Post-harvest food losses, as 
high as 50 percent, will also be reduced.

Cicily Wanjira, who buried most of her mangoes last season in 
Embu County, now has a reliable buyer willing to pay twice as 
much for her mangoes. “Eight to 15 shillings per kilo, that’s 
good money,” she says smiling.
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Abstract
Perishable foods experience huge losses, and sometimes 
more than half of the total produce is lost due to poor post-
harvest handling practices. A cold chain consists of a series of 
actors engaged in producing, transporting, storing, retailing 
and serving fresh, chilled and frozen foods. Availability of 
refrigeration and an unbroken cold chain is essential to 
manage qualitative and quantitative losses in perishables. The 
effectiveness of the cold chain relies on controlling product 
temperature at every step, and careful management of practices, 
technologies, capital and workers. Present refrigeration and 
cold transport technologies typically use either diesel fuel 
(expensive and a source of pollution) and/or electric power 
(often not available in rural areas). Promoting the expansion 
of existing technologies for cold-chain development will 
have the side effects of increasing pollution, greenhouse gas 
production and associated climate change. Clean cold-chain 
development is an environmentally sustainable way to achieve 
essential cooling and reduction in the post-harvest losses. 
Effective promotion of clean cold technologies is possible only 
through appropriate extension outreach, capacity-building and 
training activities. This paper focusses on the critical role of 
extension education in the implementation of clean cold-chain 
management in developed and developing countries.

Introduction
The capacity to ensure the availability of safe food for an 
increasing global population is becoming uncertain due to 
factors such as rapid climate changes and depletion of natural 
resources (FAO, 2009). It is estimated that nearly one third of 
all the food produced globally for human consumption is either 
lost or wasted. In the case of fresh perishable foods such as 
fruits, vegetables, meat, milk and milk products the losses can 
reach up to 50 percent of total production by weight or even 
more in some instances (Gustavsson et al, 2011). High food 
loss and waste are known to be due to the lack of knowledge, 
access to education/extension services, required post-harvest 
tools, supplies and cold-chain infrastructure. High food loss/
waste results in losses of productive resources, nutritional 
value, market value and income.

Reducing post-harvest losses is increasingly being referred to 
as one sustainable way to achieve global food security and is a 
unique win-win strategy where food gaps are reduced and the 
natural resources used to produce food are conserved (Kitinoja 
et al, 2018). Lack of access to an affordable uninterrupted cold 
chain during different steps of supply, ie pre-cooling, packing, 
processing, transport, storage, distribution and marketing, is 
one of the main reasons for the losses in the perishable foods 
before reaching consumers (Kitinoja, 2014). For instance, 
an increase in temperature at any step along the food supply 
chain accelerates deterioration processes in food commodities, 
resulting in loss of natural colour, flavour, texture and nutrient 
levels (Global Panel, 2018). Apart from the physiological and 
nutritional degradation of the produce, the rise in temperature 
also promotes the accumulation of harmful microorganisms 
threatening food safety. According to the ‘Q10 temperature 
coefficient’ principle, the rate of degradation enzyme activity 
doubles for every 10°C rise in temperature. It follows that 
the storage life of fresh produce could be doubled with every 
10°C reduction in storage temperature (Kitinoja, 2013a). 
However, promotion of the expansion of traditional cold-chain 
development, which relies on diesel fuel and/or electricity to 
provide cooling and cold transport, while needed for reducing 
food losses, also has the potential to increase pollution and 
greenhouse gas production.

Several methods and technologies are used for providing cold-
chain services. These vary from a simple Zero Energy Cooling 
Chamber (ZECC) working on evaporative cooling principles 
to sophisticated mechanical refrigeration systems being used 
to maintain cool conditions during post-harvest handling 
(Chintada et al, 2017), cold storage and cold transport. The 
mechanical refrigeration systems are considered the most 
efficient cooling method developed to date and typically utilise 
electricity for stationary systems and diesel fuel for mobile 
systems. These systems can be extremely expensive when used 
to maintain low temperatures during post-harvest handling 
and storage, especially in tropical areas where average daily 
temperatures can reach more than 30°C. Even at this high 
cost, using cold-chain technologies can still balance the 
investment and start yielding profits, since a major portion of 
post-harvest losses in these areas is due to lack of temperature 
management (Kitinoja, 2014).
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With the increase in concerns about environmental pollution, 
climate change and the rapid exhaustion of non-renewable 
resources, the pursuit of alternative clean cooling technologies 
has emerged. As a result, innovations such as solar-powered 
refrigeration systems and liquid-air-powered cryogenic 
engines have been developed (Kitinoja, 2014). Liquid air and 
phase change materials (PCMs) are being utilised in innovative 
ways to store cold. Successful transfer of these new ‘clean cold- 
chain’ innovations to the different stakeholders involved in the 
food supply chain is possible only through effective extension 
and training.

In this article, the role of extension education and some 
important methods of outreach for clean cold-chain 
development will be discussed along with current examples 
and success stories for each method.

Status and scope of the clean cold 
chain

Clean cold chains are cold chains that run on clean or green 
energy (the energy produced from renewable sources or 
alternative energy with zero emissions). Zero-emission cooling 
technologies and lower-emissions cooling methods have 
emerged; for example, solar refrigerators, charcoal evaporative 
coolers, solar-powered milk-chillers, and CoolBot-equipped 
cold rooms. These innovations reduce energy use and provide 
effective cooling, but are typically suitable for operation at a 
single fixed location and do not provide a solution for cooling 
throughout the food supply chain. Phase change materials 
can be ‘charged’ (cooled using any type of energy source), 
then utilised to keep foods or medicines cool using insulated 
storage structures or in specialised containers during shipping. 
Cryogenic engines powered by liquid air (or liquid nitrogen), 
in contrast to other innovations, not only provide zero-
emission cooling but also have the capacity to be utilised as 
a full suite of cold-chain services (Kitinoja, 2014). Air liquifies 
when refrigerated to -196°C and can be stored conveniently 
in an unpressurised insulated tank. On exposure to ambient 
temperatures, the liquid air boils, resulting in expansion up 
to 700-fold with huge thrust and lots of cool air (Kitinoja, 
2014). The Dearman engine was developed to channel the 
heavy thrust created by this expansion to operate a piston 
engine (Martin, 2012). The details about the Dearman engine 
and the role of liquid air technology in achieving all 17 United 
Nations Sustainable Development Goals have been presented 
by Dearman (2014) and Strahan (2016). Kitinoja (2014), in 
a study for the Liquid Air Energy Network (LAEN), detailed 
the prospects of technologies powered by liquid air (or liquid 
nitrogen) to provide clean cooling at every step of the food 
supply chain from farm to fork. The capacity of liquid air to 
be economically feasible was presented using case studies 
developed for Tanzania and India. The report also discussed 
the potential modifications in the liquid air technology to 
make it more suitable for use during pre-cooling, packing, food 
processing, transport, storage and marketing. Liquid nitrogen 
can also be utilised for food processing via individual quick 
freezing (IQF). Diesel-liquid air hybrid engines (heat hybrids) 
and liquid air engine technologies appropriate for small-scale 

users could revolutionise ways to reduce post-harvest losses 
of perishables by tapping into virtually unpenetrated markets. 
Like any other technology, successful implementation of the 
liquid air technology at field level would require intensive 
training and extension programmes.

The need for extension education 
and training

Extension education on the clean cold chain could be achieved 
through different methods and at various levels depending upon 
the target population. Each type of food has its own ‘lowest safe 
temperature’ during handling and storage, and recommended 
packaging, handling practices and optimal storage life. Apart 
from the use of simple ‘clean-energy-powered’ refrigeration 
units, other elements such as corrugated floors to promote 
uniform air circulation in vehicles, trailer insulation, proper 
door seals, and use of insulated walls to create heat transfer 
barriers are of paramount significance. Extension education 
and training are required to keep stakeholders informed 
regarding the thermal efficiency of cold storage facilities, 
trailers and marine containers, and how their functionality 
declines with years of use, until operators upgrade to a more 
advanced or modern unit.

It is ideal to have only products with the same cold-chain 
conditions transported or stored together, but this requires 
logistical planning to become a reality in fresh produce 
handling. Avoiding mixed loads may not always be possible, 
however, particularly in developing countries. Storage and 
warehouse facilities are critical components for a successful 
clean cold chain, but require extensive capital expenditure 
and have high maintenance costs. For stakeholders to justify 
such investment they need to be adequately informed on key 
issues such as storage air circulation, temperature and relative 
humidity control, and ethylene management, as well as proper 
record-keeping and food safety protocols. Each procedure 
needs to be validated and audited to ascertain whether it is 
achieving the intended effect of maintaining the cold chain 
within designated conditions. This can only be realised via staff 
training in key topics and with practical hands-on experience. 
Extension education is, therefore, a critical issue to ensure staff 
are able to correctly repair and maintain equipment, respond 
to alarms, identify issues and institute corrective actions. 
Warehouse staff should be encouraged to be proactive in 
checking and providing information about cooling methods, 
storage conditions and product temperature changes to the 
relevant personnel within the business.

The main objective of the extension education and training is 
the effective transfer of accessible practical knowledge from 
the research centres and universities to the growers, traders 
and all other stakeholders involved with production and supply 
systems (Van den Ban & Hawkins, 1996). For clean cooling 
and cold-chain development, this includes engineers, repair 
service workers, storage and transport operators, and private 
sector consultants. With the development of communication 
technologies, extension methods have evolved to reach 
audiences in every possible corner of the world. The wide range 
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of outreach methods include word-of-mouth communication, 
written reports, field visits, community training, information 
and communication technology methods, and e-learning 
programmes (Kitinoja & Tokala, 2018). The most appropriate 
outreach method is chosen on the basis of the needs of the target 
population. The education and understanding levels of target 
groups can be very diverse, and the most successful extension 
approach for promoting the implementation of clean cold-chain 
technology and management is possible only by choosing the 
most appropriate outreach method for each target audience.

McNamara & Tata (2015) listed the important principles to 
be considered when designing an extension programme to 
reduce post-harvest losses, some of which also hold for a clean 
cold chain. Understanding the target audience’s knowledge, 
interests and choice of information sources, as well as 
their willingness to experiment with the new technology, 
is crucial in framing an extension programme. Audiences 
such as engineers, policy makers and other officials might 
be more interested in extensive written reports with detailed 
explanations of technology, environmental issues involved, 
efficiency and comparison with existing technologies. On the 
other hand, traders and growers usually prefer not to spend 
too much time learning about technology but are more 
interested in practical information on investment and returns, 
with technical facts related in a very brief and interactive way. 
Extension activities are mutual learning programmes, and 
feedback from the audience may lead to essential modifications 
needed for the technology to be successful. Implementing 
extension programmes in different phases involving various 
actors of the supply chain is essential for effective and viable 
clean cold-chain development.

Curriculum development 
for university students and 
professionals

Introducing the topics related to clean cold energy into the 
curriculum of major universities, especially the ones which 
offer agriculture and allied courses, would have a significant 
impact on the spread and success of the clean cold-energy 
concept. It would provide scope for an effective extension 
as well as for the development of new ideas, research and 
innovations relevant to local conditions. Examples include 
the University of Birmingham (UK) and the World Food 
Preservation Center LLC (WFPC). The Birmingham Energy 
Institute and the Institute for Global Innovation at the 
University of Birmingham lead worldwide efforts to provide 
education and professional development via conferences 
and workshops in clean cooling technologies and promote 
practical ‘Cooling for All’ (Strahan, 2016). Using phase change 
material (PCM), University of Birmingham scientists and their 
counterparts at China Railway Rolling Stock Corporation 
Limited (CRRC) Shijiazhuang, China have developed a truck-
to-train reefer-style container that is easier and more efficient 
to operate than conventional equipment. Once ‘charged’, the 
PCM embedded container can keep the inside temperature 
between 5-12°C for up to 120 hours (UB, 2018).

The WFPC aims to provide world-class education and 
advanced technologies to young students, extension workers 
and scientists in developing nations, to create a team of experts 
and to conduct research to reduce food losses. Via a network 
of 28 universities and 3 agricultural research institutes around 
the world, WFPC has been designing curricula related to food 
security, nutrition, food loss reduction and food processing 
for agriculture universities as well as for secondary vocational 
schools in Asian, Latin American and African countries 
(Wilson, 2013).

Methods of outreach and examples 
of current extension programmes

Some of the important methods of outreach relevant to clean 
cold-chain development and examples for implementing each 
method include the following:

University-based outreach programmes
Apart from teaching and research, universities also play a critical 
role in extension work. Universities create a cadre of young 
professionals, who would serve as extension workers, trainers 
and consultants. Some of the universities are also actively 
involved in conducting workshops and training of trainers, 
preparing manuals for easy understanding of the concepts and 
providing consultancy for different technologies. Involving 
national and international universities that are actively involved 
in extension activities will facilitate dissemination of the clean 
cold-chain concept and effective adoption of the technologies. 
Two examples of university outreach include the University of 
California, Davis (UC Davis) and the Horticultural Innovation 
Lab (Hort Innov Lab). Small-scale postharvest handling 
practices: a manual for horticultural crops, published by UC 
Davis, includes a range of topics related to low-tech and energy-
efficient post-harvest and processing technologies suitable for 
small-scale growers (Kitinoja & Kader, 2015) and introduces 
cold-chain technologies suitable for low-resource users. The 
manual was widely adopted in various regions of the world and 
has also been translated into more than 10 languages to reach 
more audiences. The Hort Innov Lab has funded projects in 
Rwanda, Burkina Faso and Tanzania to provide local growers, 
traders and marketers with Postharvest Training and Services 
Centers (PTSCs) with CoolBot-equipped cold rooms and 
ZECCs. For a post-harvest demo project in Uganda, a CoolBot-
equipped cold room has been outfitted with solar panels to 
provide off-grid power.

Post-harvest innovation platforms
A post-harvest innovation platform is a fixed location where 
extension workers, local post-harvest trainers, farmers and 
other stakeholders involved in the food supply chain meet 
to conduct training programmes to improve local capacity 
and share knowledge on improved technologies. Kitinoja 
& Barrett (2015) describe the key components of a post-
harvest innovation platform for effective extension services. 
It should be a permanent venue with trained staff, equipped 
with essential technologies to provide consultancy, training 
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and demonstrations. An innovation platform for clean cold-
chain development would have the capacity to provide 
demonstrations, services and advice, as well as include facilities 
for packing, cooling and/or temporary cold storage, leasing 
reefer vehicles and other equipment and tools for improved 
post-harvest handling. An example of an innovation platform is 
the PTSC established at the World Vegetable Center campus in 
Arusha, Tanzania. The PTSC offers demonstrations of a variety 
of tools and implements suitable for small-scale post-harvest 
handling and processing of horticultural crops. The PTSC also 
has a retail shop, storeroom facility and CoolBot-equipped cold 
room. Regular training and demonstrations are conducted 
for growers, traders and small-scale processors on different 
equipment, including evaporative cooling, cold storage, food 
processing and marketing options (Nenguwo et al, 2018).

Information and communication technologies 
(ICTs)

With the inception of the Digital Revolution, the world has 
witnessed rapid development in low-cost information-sharing 
and communication media. The use of ICTs in the field of 
agricultural extension has also increased proportionately, 
helping trainers and extension agents to reach a greater 
number of audiences effectively in a significantly shorter time. 
ICTs help overcome several barriers, such as time, distance, 
language and lack of proper infrastructure. Mobile phone 
services have proved to be a most effective way of gathering 
data as well as disseminating essential information to the wider 
population within a short time period (Tata & McNamara, 
2018). An interactive video would be of interest for a wider 
range of audiences and transfer the message accurately in a 
better way than most other communication methods (Bello-
Bravo et al, 2018). An example of post-harvest outreach via 
ICT is Scientific Animations Without Borders (SAWBO), which 
uses innovative ways of creating scientifically accurate short-
length animated videos to create awareness on different topics 
in science, agriculture and health, which are translated into 
more than 100 languages in different dialects and accents, 
most appropriate to certain regions. These videos are available 
free via the SAWBO website and are also distributed on 
memory sticks, via video-enabled mobile phones and as mobile 
phone apps. This initiative plays a critical role in transferring 
the information accurately by overcoming barriers caused 
by literacy level, language, dialect and cultural differences 
(Bello-Bravo et al, 2018). SAWBO does not yet offer ‘clean 
cooling’ videos, but the programme welcomes ideas for future 
animated videos and can work with subject matter specialists 
on clean cold-chain development topics to develop new scripts 
and videos.

Written communication, publications
Dissemination of information through written reports and 
other publications has been a common practice for ages 
and is still very effective, especially when combined with 
online downloads. There are different modes of written 
communication used in agricultural extension, including 
journal articles, technical manuals and reports, white papers, 
books, brochures, posters, leaflets, booklets and newsletters. 

Each mode of written communication is unique in itself, 
with differences in length, depth of content, technicality, 
presentation and illustrations. The appropriate mode of 
communication is to be chosen on the basis of the target 
audience, their understanding level and the topic of interest. 
White papers on cold-chain development and reusable plastic 
crate systems (Kitinoja, 2013a & b) have been published by 
the Postharvest Education Foundation (PEF) and are free 
to download. Cold-chain assessment reports and results of 
field trials have been shared globally by the National Centre 
for Cold-chain Development (NCCD) in India. In a 2015 
assessment report, the NCCD determined that India needed 
70,000 packhouses, “each equipped with a pre-cooler 
dispatch room for onwards transport links”, while the country 
had only about 250 packhouses (NCCD, 2015), and as of 2018 
the Government of India was reported to be developing plans 
for providing subsidies to support 2,000 new packhouses. 
In 2017-2018, Engineering for Change (E4C) worked with 
Massachusetts Institute of Technology D-Lab (MIT D-Lab) to 
incorporate their research on evaporative cooling chambers 
(ECCs), which are double-walled storage containers that 
use evaporative cooling principles to reduce the internal 
temperature of the chamber by up to 10°C below ambient 
temperature. These storage units are built with inexpensive 
local materials, such as brick and sand, to keep farmers’ 
produce fresher for longer, resulting in an increase in saleable 
product and income. A detailed report of this technology 
function and designs are available on the MIT D-Lab website 
(MIT D-Lab, 2018).

Massive open online courses (MOOCs) and 
e-learning programmes

MOOCs are an online learning avenue aimed at unlimited 
participation and open access via the internet. The MOOC 
organisers provide participants with reading materials, 
lecture videos and quizzes. Access to interactive forums is 
provided to allow interaction among students and also with 
tutors to discuss, clarify concepts and receive feedback on 
assignments and quizzes (Kaplan & Haenlein, 2016). More 
recently, MOOCs and e-learning have undergone several 
innovative modifications and have emerged as a popular, 
low-cost and convenient mode of learning. They are an 
easy and interactive way to spread knowledge on relatively 
new topics such as clean cold development. Three current 
examples of online learning are provided by ADMI, PEF and 
the Food and Agriculture Organization of the United Nations 
(FAO). The ADM Institute for the Prevention of Postharvest 
Loss (ADMI) offers a MOOC titled ‘Global postharvest loss 
prevention: fundamentals, technologies, and actors’ to 
provide an overview of global post-harvest losses, post-harvest 
supply-chain activities, economics and also introductions to 
a network of actors working for post-harvest loss reduction. 
The MOOC is a four-week course offered through ‘Coursera’, 
an online learning platform. The programme covers staple 
foods and perishables, including cold-chain operations, and 
has been completed by thousands of participants. The ‘PEF 
global postharvest e-learning program’ offered by PEF is a 
mentor-guided programme with 10 assignments including 
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reading, fieldwork and written reports, ideally intended to be 
completed in one year. PEF provides free access to required 
training materials on cost-effective post-harvest handling 
practices, cooling technologies, cold storage and processing, 
and offers mentoring and feedback through email and social 
networking sites such as LinkedIn (Zagory & Holcroft, 2018). 
By the end of 2018, some 170 people from 30 countries had 
graduated from the course and were actively involved in 
various post-harvest training and outreach activities. In 2018, 
FAO began offering 6-hour e-courses in ‘Food loss analysis’ 
in English and French, covering food supply-chain topics 
including on-farm handling, cooling, storage, processing and 
marketing (FAO, 2018).

Crop-based projects
Every crop, especially each horticulture crop, has specific 
handling requirements at every step from production to 
marketing, often including the cold chain. Projects based 
on specific crops with significant economic and social 
importance in selected locations allow study of the gaps 
and requirements in detail, and any amendment in the 
supply chain would advantage a large part of the population 
dependent on the specific crop. The Rockefeller Foundation-
funded ‘YieldWise’ project has launched a Mango Aggregation 
Center in Kenya, where growers and small businesses can 
prepare, pack, store in a large ZECC or a CoolBot-equipped 
cold room, solar dry or process mangoes into value-added 
products such as jam.

Collaboration between the public and private 
sectors

Collaboration between the private and public sectors has 
proven beneficial for the success of several developmental 
initiatives. The public sector plays a crucial role in providing 
support and finance for essential infrastructure such as 
transport links for large firms and incentives for small firms 
to establish new agribusinesses. Recent examples come 
from Rwanda, Nigeria and India. In 2016, the Alliance for 
a Green Revolution in Africa (AGRA) and UPL Limited, 
through a major public-private partnership launched the 
‘Million tons of cold storage in Africa initiative’. The initiative 
aims to mobilise USD 2 billion in the next decade to set up 
cold-storage facilities with a capacity of a million tonnes 
across sub-Saharan Africa (AGRA 2016). InspiraFarms, in 
partnership with the Ministry of Agriculture of Rwanda, 
aims to deliver a multi-unit refrigerated storage project, 
benefitting more than 100,000 smallholder farmers. “In 
the third quarter of 2018, InspiraFarms commissioned ten 
modular, solar-powered Food Processing and Refrigerated 
Storage Facilities in six districts across four out of the five 
provinces of Rwanda. Each facility has a total area of 150 
square meters that includes cold storage space, a processing 
area, an aggregation area, administrative and hygiene 
spaces, all running completely off-grid and in compliance 
with food safety standards” (Rodriguez, 2018).

ColdHubs are walk-in, solar-powered cold-storage stations 
installed in farms and local marketplaces providing essential 

refrigeration and plastic crates to store fresh produce. The 
business model was developed and field-tested by the young 
entrepreneur Nnaemeka Ikegwuonu with the support of 
the Nigerian Federal Ministry of Agriculture and Rural 
Development. ColdHubs are now installed in Nigeria with 
the facility to store produce in a flexible pay-as-you-go mode 
(ColdHubs, 2018). In 2018, ColdHubs managed 14 cold-
storage units and 3,000 plastic crates, estimating that their 
550 customers saved 11,400 tonnes of food from spoilage 
(N’chekwa, 2018).

The Global Alliance for Improved Nutrition (GAIN) identified 
gaps in the post-harvest handling systems all across the 
food supply chain and effects on nutrient levels of foods in 
Nigeria. To address these gaps, GAIN created the Postharvest 
Loss Alliance for Nutrition (PLAN) to bring together several 
private and public sector organisations to initiate research 
and exchange of knowledge and technology in order to 
collectively reduce post-harvest food losses and wastes (GAIN, 
2018). PLAN engages SMEs in the food system to reduce post-
harvest loss and increase the quality and quantity of nutritious 
foods reaching markets. In a recent case study on ‘Promoting 
cold chain development in India’, two key programmes were 
reviewed. The ‘Integrated cold chain, value addition and 
preservation infrastructure scheme’, implemented through 
the Ministry of Food Processing Industries, and the ‘Cold 
storage and fruits & vegetables development program’, 
implemented through the National Cooperative Development 
Corporation and state governments, are supported by NCCD. 
NCCD is guiding cold-chain users to be more environmentally 
friendly in their operations by supporting the investigation 
of alternative energy options such as geothermal sources 
(PLAN, 2018).

Competitions
The Global LEAP Awards identify and promote the world’s 
best off-grid appliances, accelerating market development and 
innovation. Three competitions were held in 2018-2019, on the 
topics of refrigerators, solar water pumps, and the off-grid cold-
chain challenge. Winners are invited to join the newly formed 
Efficiency for Access Coalition Investor Network, convened by 
Acumen. The network includes the Shell Foundation and 18 
other leading investment organisations (Global LEAP Awards, 
2018).

In Asia, the Rabobank Food Loss Challenge Asia was held in 
November 2018. The winner, Ecozen Solutions, is enabling the 
farm-to-fork movement of perishables in India by providing 
solar-based cold rooms at the farm level. Its business model 
involves the leasing of solar-powered cold rooms to farmers 
and connecting them via the platform to organised buyers who 
are looking to source perishables (Food Loss Challenge Asia, 
2018).

Conclusions and recommendations
Temperature management throughout the food supply 
chain plays a crucial role in reducing post-harvest losses of 
perishable foods. Successful development and implementation 
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of the clean cold chain could solve many issues related to 
high food losses in an environmentally sustainable way. 
Low-tech evaporative cooling methods, solar-powered 
refrigeration systems, phase-change materials and liquid air 
technologies possess great potential to provide clean cooling 
along every step of the supply chain. These clean cold-chain 
technologies are suitable for small-, medium- and larger-scale 
agricultural businesses. There are various outreach methods 
available to suit a range of extension audiences, as a single 
method or technology cannot be considered a ‘silver bullet’ 
to achieve a sustainable solution. Competitions and online 
learning programmes can build awareness, while crop-based 
projects and extension programmes can field-test promising 
technologies. Many of the outreach methods typically used 
for reaching growers, traders, storage operators, transporters 
and marketers do not yet fully incorporate the many topics 
related to clean cold-chain development and management. A 
synergistic collaboration with different sectors, development 
of appropriate curriculum and training programme designs 
for different food supply chain actors and service providers, 
and effective implementation of various outreach methods, 
including training-of-trainers programmes and local post-
harvest innovation platforms, will be essential for successful 
clean cold-chain development.
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Newsflash
Launch of Cooling for All Secretariat

Access to cooling is not a luxury. It’s about fresh food, safe 
medicines and protection from heat for populations in a 
warming world. It’s an urgent development challenge that 
could have important ramifications for our climate. It is an 
issue of equity that requires fast action to protect the most 
vulnerable. It is vital for economic productivity by allowing 
workers, farmers and students to work in comfortable 
environments.

In response to this urgent development and climate change 
priority, Sustainable Energy for All (SEforALL) has established 
a Cooling for All Secretariat to help deliver universal access to 
cooling.

The Cooling for All Secretariat will serve to promote awareness 
of the need for universal access to sustainable cooling, provide 
data and knowledge about the issue, and help coordinate 
focussed responses.

Universal access to sustainable cooling is a multifaceted 
challenge and an important one if we are to achieve the 
Sustainable Development Goals and fulfil the Paris Agreement. 

Productive economies, a stable climate and millions of lives 
depend on sustainable access to cooling.

Often thought of through the prism of comfort cooling, the 
challenge of providing cooling for all goes well beyond air 
conditioners. The cold chains that support the safe delivery 
of medicines and the sale of agricultural products are vital 
to giving families comfort that a vaccine is safe and enabling 
farmers to sell their goods further afield at a higher price.

The Secretariat will have a number of important objectives. It 
will develop tools for government and civil society to measure 
access to cooling and deploy solutions based on cooling 
needs. It will publish an annual ‘Cooling for All outlook’ to 
benchmark progress on closing access-to-cooling gaps while 
setting required targets. It will work with industry, donors and 
international organisations to design pilot projects.

As temperatures soar, populations grow and cities expand, 
these actions are necessary if we are to achieve the speed and 
scale needed to deliver sustainable and affordable access to 
cooling for all.

Governments, cities, the private sector and the international 
community have to take urgent action to finance and 
demonstrate solutions that meet the cooling needs of those 
most at risk.

This includes focussing on innovations and investments to 
keep agricultural cold chains clean and intact to reduce hunger 
and malnutrition, increase the income of poor farmers, and 
drastically reduce food wastage.

In rural villages, renewable energy can power cold storage in 
medical clinics, so that families can take their children to be 
vaccinated with confidence that it will be effective.

Cities can employ simple tools such as painting roofs white 
and planting more trees to mitigate high temperatures and 
protect workers from heat so they can be more productive. 
The employment of district cooling and other solutions will 
also reduce overall energy demand for cooling and lessen 
reliance on inefficient air conditioners and other cooling 
devices.

https://www.birmingham.ac.uk/news/latest/2018/12/scientists-develop-world-first-cold-storage-roadrail-container.aspx
https://www.birmingham.ac.uk/news/latest/2018/12/scientists-develop-world-first-cold-storage-roadrail-container.aspx
https://www.birmingham.ac.uk/news/latest/2018/12/scientists-develop-world-first-cold-storage-roadrail-container.aspx
https://www.seforall.org/coolingforall
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These efforts can be supported in three ways: (1) finance and 
deploy current efficient solutions; (2) invest in zero-carbon 
or no-to-low global-warming potential cooling innovations 
for the future; and (3) think systematically about meeting 
cooling needs while minimising energy demand through 
district cooling and solar home systems that power fans and 
refrigerators.

We must collectively rethink how we understand cooling needs 
across cities and cold chains, and design and finance solutions 
and technologies that meet those needs.

Governments with vulnerable populations must measure their 
access and design sectoral and regional solutions to shrink the 
access gaps, including through national cooling plans.

Industry needs to seize the opportunity to design and produce 
hyper-efficient cooling devices at affordable prices for the rising 
global middle class, which represents a potentially significant 
market.

Cities need to develop heat action plans and ensure that new 
buildings have the greatest degree of natural cooling possible.

The Cooling for All Secretariat will support these initiatives as 
a coordinating platform, while providing the tools and data 
for action.

Our purpose is to help partners to understand issues related to 
access to cooling and to obtain resources relevant for access 
projects, while helping government policy makers to identify 
what needs to be done and providing the resources to assist 
them.

See: https://www.seforall.org/coolingforall

Ben Hartley
Energy Efficiency Specialist, Sustainable Energy for All

https://www.seforall.org/CoolingForAll/secretariat
https://www.seforall.org/coolingforall
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Abstract
While many constraints to international development attract 
attention, the availability of cold is usually overlooked. This 
is despite its deep links to economic growth, public health, 
agricultural productivity, transport and the built environment. 
In fact, clean cold could serve to both advance the United 
Nations Sustainable Development Goals and boost private 
sector-led investment.

One way to understand how cold could advance development is 
to use the Growth Diagnostics model, first proposed by Harvard 
economists Ricardo Hausmann, Dani Rodrik and Andrés 
Velasco (HRV). The model maps out an analytical framework to 
identify and address constraints to economic growth to boost 
opportunities for economic growth and poverty reduction.

The HRV model shows that the lack of cold appears to worsen 
several constraints and indicates that a change could enable 
transformation in the productive sectors empowered by a cold 
chain, such as food (income, food safety, nutrition, resource 
waste), medical (pharmaceutical, health systems), productivity 
(workplace cooling) and innovation (IT systems).

The HRV model highlights opportunities to unlock economic 
growth and facilitate poverty reduction through better access 
to cold. Some potentially effective donor interventions are 
suggested, including: improving the enabling environment for 
cold investment, reducing investment risks through the use of 
blended finance instruments, and strengthening infrastructure 
to support further private sector investment in cold.

Introduction
We live in a time of both great challenges and great 
opportunities. While a rising global population and climate 
change threaten to undermine progress, the development 
of new technologies may allow us to be the first generation 
in human history to end mass poverty. The key is to both 
understand and resolve the constraints that stand in our way.

While water, energy, education, health, access to finance and 
other constraints to development and economic growth attract 
well-deserved attention, one important constraint has been 
largely overlooked: the availability of cold. Like other cross-
cutting constraints, cold is linked to economic growth, as well as 

public health benefits, which in turn could also increase growth. 
It is connected to agricultural productivity (eg post-harvest 
losses), health systems functioning (access to medicines), 
transport and the built environment (air conditioning), and 
much else in the economy. However, the current approach is 
not sustainable because of rising stresses on power grids and 
ever-higher levels of greenhouse gas (GHG) emissions. The only 
way forward is ‘clean’ cold powered by renewable energy.

The improved availability of cold can generate economic, health 
and environmental benefits through the formation of new 
jobs and increased sales, improved health and well-being, the 
increased availability of nutritious foods, reduced pollution and 
a reduction in the waste of limited natural resources (land, water 
and energy). In fact, clean cold can be one of the most powerful 
ways to advance the Sustainable Development Goals (SDGs).

Global goals
In 2015, the United Nations General Assembly adopted The 2030 
Agenda for Sustainable Development, which includes the 17 
SDGs, which are a global call to action. The SDGs include ending 
poverty (SDG 1), zero hunger (SDG 2), good health (SDG 3), 
affordable and clean energy (SDG 7), resilient infrastructure 
(SDG 9), sustainable consumption (SDG 12), action against 
climate change (SDG 13), and life on land (SDG 15).

Achieving the SDGs will require a dedicated, sustained and 
long-term effort to address the critical issues that slow our 
progress. Improved provision of cold will advance many 
of these goals because of its profound connection to food/
agriculture, health, energy, climate and economic productivity.

Cold challenges
While cold intersects many issues, some of the most clear 
and pressing challenges are connected to food and health. 
At present, between 30 and 50 percent of food produced in 
developing countries is lost post-harvest because of weak cold 
chains, costing often-poor farmers USD 750 billion per year. 
This economic cost is probably an underestimate because in 
addition to crop losses, farmers also lose crop value because 
of low quality – which is not often measured. For example, 
in Tanzania lower horticultural crop quality from a poor cold 
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chain eliminates higher-value export market options, reducing 
farm gate prices by at least 50 percent (personal observation). 
In addition to the negative farm impacts, losses represent one 
quarter of calories, and the losses in highly nutritious foods 
such as fruit and vegetables contribute to the 800 million 
people who are malnourished (HLPE, 2014).

Environmental impacts are also substantial. A lack of cooling 
results in losses equal to the production of an area almost 
twice the size of Australia, and consumes 250 km3 of water 
per year, while adding 3.3 gigatonnes of CO2 equivalent to the 
atmosphere, making post-harvest loss the third biggest emitter 
after the USA and China. The problem will only get worse as 
the global population balloons to 9-10 billion people by 2050, 
requiring a rise in overall food production of 60-70 percent.

In Africa, the problem of post-harvest loss (PHL) and cold chains 
is particularly severe. A Deloitte (2015) study showed “that 
annually around 32% of crops produced (or 1.3 billion tons) and 
24% of calories produced (or 1.5 quadrillion kilocalories) are not 
consumed; this represents enough food to feed approximately 
1.6 billion people.” PHL in Africa reduces the income of 
approximately 470 million farmers and other value-chain actors 
by as much as 15 percent (The Rockefeller Foundation, 2013, as 
quoted in GKI, 2014). These losses not only have a severe impact 
on farmers but also along the value chain through income losses, 
reduced nutrition availability and degraded health, and the waste 
of inputs such as water, land, fertiliser, labour and seeds used to 
grow crops that are never consumed.

Lack of cold also impacts economic growth because of its adverse 
health effects. Around 420,000 people die every year from eating 
contaminated food, while 125,000 children under five die from 
foodborne disease each year (Miller et al, 2018). Up to 90 percent 
of health facilities in 55 countries have inadequate vaccine 
storage because of weak cold chains (GAVI, 2013). Lack of cold 
impedes sales of nearly USD 130 billion of annual medical, 
biological and pharmaceutical sales that are dependent on cold-
chain logistics to ensure product efficacy. With around 2.1 
million people around the world dying from vaccine-preventable 
diseases, the human cost is high. The reduction in vaccination 
leads to much higher rates of illness, increased healthcare costs, 
lower productivity, decreased wages and lower lifetime incomes.

If the lack of cold is often an important impediment to 
economic growth and achievement of the SDGs, the next 
step is to understand how this connectivity can inform 
transformational action.

Diagnosis and answers
Development agencies and the private sector increasingly 
realise that private sector-led investment is the primary driver 
of long-term, sustainable economic growth. To accelerate both 
economic growth and poverty reduction, the first imperative 
is to understand what constrains private investment and 
entrepreneurship.

One model used to identify such constraints was proposed 
in a seminal paper, ‘Growth diagnostics’, by Harvard 
economists Ricardo Hausmann, Dani Rodrik and Andrés 
Velasco (Hausmann et al, 2005). The HRV model presents 
an analytical framework that identifies and prioritises 
from the range of issues that constrain economic growth. 
This framework is used by policy makers and planners 
and within the international development profession to 
focus efforts on the key ‘binding’ constraints that impede 
private investment by firms and individuals. The goal is to 
find ways to boost opportunities for economic growth and 
poverty reduction.

This process is built on a decision tree approach (adapted from 
Hausmann et al, 2006), as illustrated in Figure 1, to highlight 
potential constraints to growth.

Whether a constraint is binding in a particular context is 
determined by four key tests highlighted in the Mindbook 
(Hausmann et al, 2008):

1. Is the price or cost to economic agents of the lacking factor 
or condition high?

2. Do changes in factor availability tend to move aggregate 
investment or growth?

3. Do economic agents (eg manufacturers or farmers) incur 
significant costs or risks to circumvent the constraint?

4. Are individuals or businesses that rely heavily on the 
constraining factor unable to thrive?

The goal is to identify market failures (pollution, PHL), natural 
capital (resource waste, water), human capital (health), 
infrastructure (energy, transport) and geographical constraints 
(commodity destruction) to inform the design of interventions 
that can create positive social and economic outcomes, for 
poor people in particular.

Figure 1. Growth diagnostics model (Source: author, based on the Mindbook, Hausmann et al, 2008)
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Figure 2. Growth diagnostics model (abridged) (Source: author, based on the Mindbook, Hausmann et al, 2008)

Cold as a constraint
In the context of the HRV model, the lack of cold appears to 
worsen several constraints, some of which may be binding. 
Consequently, a change in cold could enable transformation 
in the productive sectors empowered by a cold chain, such as 
food (income, food safety, nutrition, resource waste), medical 
(pharmaceutical, health systems), productivity (workplace 
cooling) and innovation (IT systems).

Using the HRV model, Figure 2 illustrates how the lack of cold 
could aggravate several constraints to growth.

The model illustrates the connectivity between a lack of cold and 
a number of negative social and economic outcomes, because 
lack of cold undermines actions against several constraints in 
the decision tree simultaneously (see also Table 1).

Table 1. Effects of cold on constraints

Constraint Cold challenge Cold opportunity

Energy Providing cold is a major user of energy where inefficiency 
worsens the energy constraint. As a result, cold is 
undersupplied and expensive, while cooling demand 
increases energy prices

Developing and deploying renewable cooling would 
effectively reduce the energy constraint by reducing 
effective demand on limited resources

Infrastructure The effects of poor infrastructure on food, medicine and 
transport are worsened by lack of cold by raising prices and 
limiting supplies

Developing more robust cooling systems would likely 
reduce some of the negative effects of poor infrastructure, 
reducing prices and improving economic outcomes

Finance 
access

Lack of cooling systems undermines investments 
that depend on cold. Food processing, health and 
manufacturing are particularly cold-dependent

Reliable and cost-effective cooling could facilitate access to 
credit for cold-dependent industries by making them more 
bankable

Macro/micro 
risks

Lack of cooling increases risks of food price inflation 
and impedes the ability to import/export food and other 
perishable products. This increases prices and economic risks

More cooling would likely reduce volatility in prices for 
perishable commodities where markets are constrained by 
heat

Natural capital Lack of cooling greatly aggravates constraints from water 
and other resources by increasing waste

More cooling would conserve resources and reduce the 
effects of the natural capital constraint

Human 
capital

Lack of cooling greatly impedes economic growth by 
weakening the development of health systems by cutting 
access to medicine and modern health facilities. It also 
undermines health by cutting access to nutrient-dense food

More cooling would support the development of human 
capital and boost economic growth through improved 
nutrition and health

Innovation Lack of cooling undermines the operation of high-tech 
equipment, which undermines the ability to create and spread 
innovation – which undermines long-term growth potential

More cooling would lower the costs of creating and 
spreading innovation – which would facilitate moves up the 
value chain and boost growth
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Building a cooler future
The HRV model highlights opportunities to unlock economic 
growth and facilitate poverty reduction through better access 
to cold (Table 1). The question is how to address the cold 
constraint to ensure that all changes are anchored in long-
term economic and environmental sustainability. Without 
such sustainability, programmes may do more harm than 
good.

The most effective donor interventions could focus on 
improving the enabling environment for cold investment, 
reducing investment risks through the use of blended finance 
instruments, and strengthening infrastructure to support 
further private sector investment in cold. Some interventions 
are discussed below.

On the enabling environment side, donors could focus on 
improving policies and regulatory systems to encourage 
investment in cold. Import restrictions and taxes on inputs 
and capital imports for post-harvest loss technology can 
fatally undermine the value proposition for cold investments. 
Regulations that do not reward investment in the cold chain 
could be updated to create a market for cooling. Supporting 
market access and promoting income-generating exports 
could encourage further investment in the cold chain. The 
enabling environment could also be improved by joint public 
and private sector action to strengthen human capacity to 
support deployment of cold in developing countries. This 
investment in people is critically important and could include 
implementing apprenticeship programmes and providing 
best practice training for transportation, warehousing, retail 
and construction employees and management. Stronger civil 
society organisations, institutions and technical capacity could 
help address the cooling challenge.

Investment risks can also be mitigated. Investments in cooling 
systems are often hampered by high upfront costs that impede 
the focus on long-term benefits. This is an immense obstacle 
to deployment in developing countries. Supporting life cycle 
costing or cooling-as-a-service with no upfront consumer costs 
could overcome this market failure caused by high fixed costs. 
Technology also plays a major role – and demonstration and 
pilot projects can de-risk deploying further innovation. Donors 
could enable developing countries to leapfrog to a better cold 
system by using blended finance to encourage innovative cold 
technologies that can save energy, cut pollution and reduce 
post-harvest losses. For example, they could take equity 
or provide a financial guarantee to commercial lenders, or 
facilitate access to capital markets to raise capital.

Finally, traditional investments in energy and other 
infrastructure could be refocussed on meeting the demand for 
cold to boost economic activity in several sectors. This will 
require significant investment in reimagined transportation 
and power infrastructure.

Conclusions
We have many opportunities before us. By seeing cold as a 
challenge and opportunity through use of the HRV decision 
tree to target interventions, we can use transformation of the 
cold economy to relieve pressures from other constraints.

The effects of concerted action on cold could be profound. For 
example in agriculture, reducing PHL boosts farm incomes, 
enhances food security, supports food safety, improves 
nutrition, decreases environmental burdens, reduces poverty 
and boosts economic growth. In health, better provision of 
cold can increase vaccination, increase lifetime income, 
improve educational achievement, cut healthcare costs and 
reduce poverty.

A better and cooler world is possible. We just need to see it – 
and act.
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Pre-empting the unintended consequences of new 
cold chain
The invention and adoption of artificial refrigeration 
and cold chain has triggered enormous and far-reaching 
transformations, at scales ranging from our own lives and 
health, to the health of our planet. Even if cold chain can be 
provided sustainably to all, it remains capable of remodelling 
our entire relationship with food – for better in some ways, 
but also potentially, in others, for worse. Introducing more 
affordable and readily available means of cooling in the food 
chain is not just a matter of adding cooling to the status 
quo; it is introducing a major shift to a dynamic socio-
technical system. Other parts of the system will then shift 
as a consequence and reaction, with various degrees of 
predictability. These dynamics could result in a number of 
unintended and adverse effects.

For example, a cold chain will help reduce food loss and thereby 
potentially reduce the need for deforestation by ensuring an 
increased proportion of production reaches the market from 
existing land resources utilised for agriculture. It could also 
allow farmers in developing economies to transition from 
staple to high-value (but temperature-sensitive) horticulture. 
The latter shift could, though, have implications for water 
resources from a move to potentially more water-demanding 
produce.

Equally, the provision of food supply-chain cooling will over 
time allow some farmers to transition into larger-scale, more 
diverse businesses. This can reverse or stem urban migration 
by increasing farmers’ incomes. However, ambitions to reach 
distant, or even international markets, using conventional 
refrigeration technology could lead to an increase in transport-
related emissions, rather than a reduction. In addition, more 
processing at the farm could lead to increased local greenhouse 
gas emissions, environmental pollution and packaging 
demand – with implications for waste streams and resource use.

There will always be ‘unknown unknowns’ – but, drawing on a 
broad and cross-disciplinary analysis of refrigeration’s impact 
to date, we can at least begin to anticipate many of the possible 
consequences of the introduction and widespread adoption of 
cold chains across the developing world.

Some areas to consider follow:

Water
Greater availability of cold storage will allow farmers to store 
crops after harvest and to transport more perishable crops 
to new markets without great losses. This can improve their 
income from the crops they currently produce, but it is likely 

to induce changes in the crops that farmers want to grow. 
Cold storage will make some crops viable that were not before 
(eg soft fruits), and if these are marketable at higher prices 
they will be attractive to farmers. There are likely implications 
for water resources from changes in crops and potential shifts 
to more water-demanding produce. Many states in India, for 
example, are already water stressed and have over-developed 
groundwater resources. Increased water use for agriculture 
will deplete aquifers and may concentrate pollutants, and/
or introduce salt incursions. A strong and well-implemented 
water framework would be needed in any regional context, to 
control the extent and impacts of a potential shift to much 
more water-demanding agriculture.

Soil health, fertilisers, pesticides
Changes in crops will also have implications for soil fertility 
and the use of fertilisers and pesticides. These can have further 
environmental impacts, including biodiversity effects and 
pollution of groundwater.

Transport
Better and cleaner means of mobile refrigeration can in the 
short term reduce emissions of CO2 and other pollutants, but 
in the longer term will also open up possibilities for reaching 
more distant markets, which is likely to increase demand for 
refrigerated transport in terms of journey lengths (food miles). 
Reaching more distant markets can increase farmers’ incomes, 
but overall this could lead to an increase in transport-related 
emissions rather than a reduction, especially if ambitions for 
reaching international markets are realised by sea or air. On the 
other hand, there is likely to be some substitution, so produce 
grown in India may be able to serve markets that currently rely 
on imports from further afield. Nevertheless, there needs to be 
consideration of keeping food chains short in terms of distance 
and developing and serving more local and regional markets in 
preference to existing, more distant ones.

Energy
Increased energy demand through cold storage and logistics 
chains is a concern, as is increased energy demand from 
farmers through increased mechanisation (once incomes are 
raised), increased water pumping (see above) and increased 
processing. Better cooling will allow farmers and villages to add 
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value to produce by processing food in various ways which will 
increase bulk (through packaging), water content and weight, 
with implications for water and transport. Processing usually 
also has associated water demands – for cleaning equipment, 
moving things through a production line, etc.

Packaging
More processing (as discussed above) will increase packaging 
demand – with implications for waste streams and resource 
use. Packaging needs to be kept minimal and leapfrog straight 
to easily degradable materials.

In the home
Refrigeration in the home can change cooking styles and 
patterns – especially if coupled with more processed food that 
cold chains have enabled. Fridges and microwaves become 
more common in kitchens, and traditional cooking appliances 
and methods are used less. Over time this affects kitchen 
architecture and the design of new buildings. It is also likely to 
affect diet, in both positive and negative ways.

Local markets
Domestic refrigeration along with the increase of home 
delivery – which we are already seeing in the cities of India 
and China – can also reduce the frequency of shopping, which 
can affect local marketplaces. Traditional market stalls selling 
fresh produce daily may struggle.

Gender
The effects on gender equality and gender roles are hard to 
predict, but technologies tend to become incorporated in existing 
social systems and hierarchies, although they do sometimes 
have the potential to disrupt them. In male-dominated societies, 

without careful planning and some intervention, it is to be 
anticipated that the benefits of new technologies will flow to 
men, eg men will have more access to them, and women’s use 
will be circumscribed; or the benefits accruing to women (eg 
income) will be claimed by men in the household.

Assumptions about alleviating women’s work should not be 
made too simplistically. To take an example household from 
research in Bangladesh, introducing a fridge to the household 
did not result in less work for the wife, because the husband 
did not like to eat reheated food and wanted every meal to 
be cooked from fresh. It did, however, alleviate the husband’s 
work, as shopping in the public marketplace was his job, as his 
wife was expected to stay around the house. He was able to 
store fresh produce in the fridge and not go shopping as often, 
if he did not wish to.

In other areas, however, energy services have helped women’s 
development, eg home lighting has allowed women to do 
income-generating work in the evenings. Cooling and cold 
chains may give women new opportunities and allow them 
to start new enterprises such as food processing. How new 
services and opportunities affect, and are affected by, gender 
dynamics will vary according to the local context and should 
not be taken for granted or assumed to be easily predictable.

Social hierarchies
As with gender, new technologies and new opportunities may 
be kept for the benefit of the more powerful in communities, 
whilst those at the lower end of hierarchies may struggle to 
find gains. The ability to invest can also be important in this 
regard. In India, caste is likely to be an issue in terms of who 
is admitted into groups, who is given information, who is lent 
money, etc. Other minority groups that need to be considered 
include scheduled tribes and minority religious communities.

Dr Rosie Day
University of Birmingham
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News from the field

The off-grid cold-storage container market – 
voices from the sector
Cold-chain refrigeration has the potential to significantly 
improve livelihoods for smallholder farmers and small-scale 
traders by reducing post-harvest loss of high-value crops, 
increasing profits through greater bargaining power at the 
market place, and enabling better commercialisation of 
agricultural produce in regional and international markets.

Modern cold chains manage the temperature of perishable 
goods from farm to table, maintaining quality and safety in the 
supply chain, reducing food loss and increasing food supplies. 
However, the technology is often out of reach in off-grid areas 
in developing markets due its cost, a lack of access to reliable 
electricity, and the wide variety of uncoordinated stakeholders 
in the broader cold chain.

The Global Lighting and Energy Access Partnership (Global 
LEAP) Off-Grid Cold Chain Challenge (OGCCC) is an 
international competition to identify and promote the most 
energy-efficient, sustainable and cost-effective technologies 
that can meet the cold-storage requirements for fresh fruits, 
vegetables and dairy products in Kenya, Nigeria, Rwanda, 
Tanzania and Uganda. The OGCCC is one of the innovation 
prize competitions run as part of the ‘Ideas to impact’ 
programme, which is implemented by an IMC Worldwide-led 
consortium with funding from UK Aid delivered by the UK 
Department for International Development (DFID).

In June 2018, ten promising companies were selected to 
progress to the second stage of the OGCCC competition. They 
are as follows.

ColdHubs – for their cold-storage facility that will enable 
Nigerian small-scale farmers, retailers and wholesalers to store 
about 2.7 tonnes of food, saving 993 tonnes of food from 
spoilage a year.

The walk-in cold room is a 100 percent green cooling solution. 
Completely powered by rooftop solar panels, and connected 
to a set of deep-cycle, long-lasting batteries, off-grid and on-
grid inverters, the power generated is sufficient to keep the 
temperature at 5-15°C in all weather conditions (Figure 1).

Figure 1. ColdHubs (Photo: CLASP)

“ColdHubs helps to protect the environment, resources and 
the climate and supports the use of renewable technologies 
within cooling,” says Nnaemeka Ikegwuonu, innovator 
and CEO of ColdHubs. “It thereby contributes towards a 
sustainable reduction of fossil fuel consumption.”

DGridEnergy’s Solar Cool Cube has already been deployed in 
Zambia and the Democratic Republic of Congo.

The refrigerated storage unit comes with an off-grid solar-
electric system and a battery bank so it can run 24 hours a 
day. It has multiple USB ports to charge mobile phones and 
laptops, and provides external LED lighting for communities 
without reliable electricity.

“Our vision is to build cold-chain supply networks in countries 
needing cold storage for multiple sectors,” says Eugene 
Faison, CEO of DGridEnergy. “The Solar Cool Cube means 
farmers can store their crops to protect them from post-
harvest loss, immediately availing them of additional income, 
new markets and the ability to store products until demand 
generates higher prices. As an additional benefit, we create 
jobs by training our local partners in how to install, service 
and maintain the Solar Cool Cube products.”

EcoLife is a women-run organisation which works with 
women farmers growing vegetables in Uganda. Its Eco Cold 
Room is manufactured and assembled in Kampala, Uganda 
from recycled locally available materials.

The Eco Cold Room (Figure 2) has an inside and outside wall 
made from fire clay bricks, and an air gap filled with recycled 
PET water bottles for insulation, placed at specific orientations 
to minimise air movements. The cold room is powered by both 
hydroelectricity and solar energy.

Figure 2. EcoLife cooling fan (Photo: CLASP)

“We empower communities through creative capacity 
building. We train, construct, fabricate and test the Eco Cold 
Room with local communities using local materials and local 
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knowledge,” Hadijah Nantambi, CEO of EcoLife, says. “We 
found that farmers had zero food loss and better bargaining 
power with the final customer, which allowed families – 
especially women – to earn four times the profits compared 
to give-away prices from middlemen.”

Ecozen Solutions’ Ecofrost is to be deployed in Kenya. 
Ecofrost is a cold room that runs on solar energy (Figure 3) 
and uses innovative thermal energy storage technology that 
can provide backup power for up to 30 hours. These thermal 
batteries are much more efficient than conventional batteries, 
with at least twice the life and much lower replacement costs.

Figure 3. Ecozen Solutions’ Ecofrost cold room (Photo: CLASP)

“Our products are a perfect blend of a sustainable solution 
while keeping the farmer’s profit a priority,” Devendra Gupta, 
CEO of Ecozen, says. “Ecofrost has helped the farmers to cut 
wastage by up to 20 percent and increase their income by 50 
to 100 percent or more.”

FreshBox is an early-stage social enterprise based in 
Nairobi, Kenya that is paving the way forward for sustainable 
refrigeration in East African produce markets.

Assembled locally in Nairobi, its flagship unit is a solar-powered, 
walk-in cold room that can reach freezing temperature and 
holds over 2,100 kg of fruits and vegetables (Figure 4). With 
100 mm thick panels comprised of a polyurethane interior 
and aluminium exterior, FreshBox can increase the longevity 
of a fruit or vegetable’s selling period by up to 950 percent 
depending on the fruit or vegetable.

Figure 4. FreshBox cold room (Photo: CLASP)

“Our unique pay-as-you-go subscription model allows us 
to reach customers that previously have not had access to 
refrigeration services, and allows us to help prevent the 
spoilage of fruits and vegetables,” says CEO Daniel Anastos. 
“Our cold storage system can provide more consistent 

revenues to the retailers in produce markets, allowing us to 
stabilise the often volatile produce markets in Kenya.”

InspiraFarms’ automated and remotely monitored 
refrigerated storage and food-processing unit can be ready to 
deploy anywhere with minimal preparation (Figure 5).

The 16-24 pallet capacity unit requires only single-phase power, 
can run entirely on solar and has two levels of in-built backup, 
both thermal and electrical. All components are manufactured 
in Italy and assembled on site with full international food 
safety standard compliance.

Figure 5. InspiraFarms’ refrigerated unit (Photo: CLASP)

“The InspiraFarms facilities will be installed in rural locations 
across Rwanda, servicing the smallholder farmers who are 
beyond the reach of the existing grid, providing them access 
to high-value export markets,” says Luke Davey, East Africa 
Operations Manager for Enterprise Projects Ventures Ltd 
(InspiraFarms). “Cooling near the point of harvest is key to 
improving quality and reducing food losses so as to increase 
production and exports from fresh-produce out-grower 
networks.”

Inviro Choice’s Cold Change (Figure 6) is a walk-in cold-store 
product that can be used with a range of perishable produce, 
including fruit, vegetables, dairy products, meat and fish. 
Solar power is integrated with on-board lithium-ion battery 
energy storage, allowing the unit to be fully operational for two 
consecutive days without recharging.

Figure 6. Inviro Choice’s Cold Change (Photo: CLASP)
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“In East African countries, women provide much or most of 
the labour for farming and trading, producing an estimated 
70 percent of food, but do not necessarily reap the economic, 
social or welfare benefits of production,” says Sean Roche, 
Managing Director of Inviro Choice Limited. “Sustainable 
agriculture that is equitable and effective cannot be delivered 
without recognising the importance of women to the sector. 
Smallholder access to Cold Change, facilitated through farmer 
cooperatives and associations, offers an opportunity to help 
address this gender issue.”

SunDanzer’s cold-storage container is manufactured in the 
USA from Chinese parts. The 14 m3 solar-powered cool room 
has integrated thermal storage and minimal electrical energy 
storage.

The unit can run on stand-alone solar or with an intermittent 
or mini grid, and can hold the interior chamber within an 
acceptable temperature range for 2 days without using power. 
If running only on a mini grid, the unit will maintain cold 
internal temperature based on only 3-6 hours per day of 
available power.

“Our goal is to reduce the cost and improve the reliability 
of cooling where generators or ice is currently used, and 
enabling cooling where there is currently no cooling option,” 
says David Bergeron, CEO of SunDanzer.

The Village Fridge, made by Off-Grid Factory, is a stand-alone 
solar-powered cooling machine with a cool motor that needs 
no inverter, batteries or generator.

The prefabricated, insulated storage room (Figure 7) also 
includes a social space that can be used as a shop or for 
sorting agricultural produce. The cooling wall between the 
cold-storage room and the social room can be shifted so the 
cooling capacity can be adjusted to future growth.

Figure 7. Off-Grid Factory’s Village Fridge under construction (Photo: CLASP)

“We developed the Village Fridge for local communities in 
rural areas. It is easily transportable, is plug and play, has 
very low maintenance costs over time, and can easily be 
adjusted to the future demands of the client,” says Arnoud 
van Putten, Managing Director of The Off-Grid Factory. “If 
the customer or village wants to adjust to secured cooling 
(inverter/batteries), the system can be easily extended.”

Tiger Power combines a refrigerated container with a foldable 
PV array and a lead-crystal battery bank to store surplus 
electricity produced during the day.

Designed to be easily transported and mobile to reduce 
logistical and transportation barriers when operating in off-
grid and rural areas, the cold-storage solution can be up and 
running in less than an hour. Tiger Power envisages its unit 
can be used in refugee or internal displacement camps to 
increase the quality of food supply to those in need.

“Solar energy and cold storage are a perfect match. Direct 
solar cools the refrigerated container during the day 
when temperatures are highest,” says Jonathan Lambregs, 
Business Development Manager of Tiger Power. “Through the 
integration of a battery bank, we can guarantee the required 
temperature for cooling at night as well. We aim at off-
grid applications where our solar solution replaces a diesel 
generator. By doing so we cut back fuel costs, maintenance 
costs and greenhouse gas emissions.”

Each nominated product will undergo rigorous field-testing 
comprising technical performance captured through remote 
monitoring equipment and qualitative surveys administered 
on site and over the phone. Data will be collected from 
February to May 2019. All data will be reviewed and evaluated 
by a panel of off-grid market experts. Final prize winners will 
be announced in July 2019.

The OGCCC is locally implemented by the Collaborative 
Labeling and Appliance Standards Program (CLASP) and 
Energy4Impact to stimulate off-grid cold-chain refrigeration 
for farmers and small-scale traders, enabling better 
commercialisation of agricultural produce.

Joanie Coker (CLASP Communications Officer), 
Sam Grant (CLASP Lead, East Africa) and 
Rebekah Hayden (consultant)
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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 

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 CO2 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).

Promoting clean and energy-efficient cold chains 
in India
Mahesh Patankar and Roshni Yehuda

Mahesh Patankar, PhD, is a resource efficiency specialist with interest in energy, water and livelihood 
linkages. He leads the efficient and clean cold-chain incubation effort at MP Ensystems. Mahesh is a 
Senior Advisor with the Regulatory Assistance Project driving energy transitions in India, and also leads a 
water efficiency project in Maharashtra for the World Bank-hosted 2030 Water Resources Group. mahesh@
mpensystems.com

Roshni Udyavar Yehuda, PhD, is an avid proponent of rural and urban transformations with a keen interest 
in creating market linkages between the water and food sectors, in addition to contributing to the creation 
of environmentally benign and energy-efficient built spaces. Roshni heads the operations at MP Ensystems. 
roshni@mpensystems.com

Figure 1. Goals of the study on clean cold chain in India (Source: MP Ensys-
tems Advisory Pvt. Ltd, 2018)

mailto:mahesh@mpensystems.com
mailto:mahesh@mpensystems.com
mailto:roshni@mpensystems.com


Agriculture for Development, 36 (2019) Article 5

37

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 CO2, but 
also grossly disproportionate amounts of nitrogen oxides (NOx) 
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.

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)

Product
Logistics flow 
(in order of component listed)

Category 
(temperature range)

Fresh fruit

Chill (0-10°C)

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

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

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

13. Banana PH – T – CH – RC – t – FE 

14. Papaya PH – T – CH – RC – t – FE 

Other food products

Frozen (below -18°C)

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

16. Meat & meat products (livestock, 
poultry, fish) 

PU – T – CH – t – FE 

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 ✓

Production Irrigation ✓ (pumps) ✓ (pumps)

Cultivation on farm ✓ (machinery) ✓ (greenhouse) ✓ (heating greenhouses)

Harvesting ✓ (machinery)

Storage Storage/refrigeration ✓

Transport Transport ✓ ✓

Processing Sanitising/cleaning ✓ ✓

Grading and sorting ✓

Peeling/cutting ✓ ✓ (steam)

Blanching ✓ (boiler fuel) ✓ (heat) ✓ (heat)

Cooling ✓

Drying ✓ ✓ ✓

Freezing ✓

Packaging Can filling ✓

Can exhausting ✓ (heat) ✓ ✓ (heat)

Can sealing ✓

Heat sterilisation ✓ ✓ ✓

Packaging ✓

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 – ie curtailing CO2 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;

• 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, CO2e), NOx 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 

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

• lack of stakeholder consultation with farming community;

• 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, etc.

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, etc.

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?

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, AI 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 
entrepreneurs.

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.

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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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;

• 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.

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:

• 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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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

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 

Figure 5. New business propositions (Source: MP Ensystems Advisory Pvt. Ltd, 2018)
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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.

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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Conclusions
There is no doubt that successful development and 
implementation of the clean cold chain could solve many 
issues related to high food losses in a sustainable way, 
delivering economic, environmental and societal benefits 
while reducing resource depletion for future generations. 
However, many of the outreach methods typically used for 
engaging growers, traders, storage operators, transporters and 
marketers do not yet incorporate clean cold-chain development 
and management. Moreover, successful communication is not 
just practical information about a single technology.

For accelerated and successful clean cold-chain development, 
we propose a synergistic collaboration built upon a technology-
agnostic ‘Living laboratory’ programme that would develop 
appropriate curriculum and training programmes around 
entrepreneurship and business, as well as demonstrate 
technology in real-world situations to deliver a robust 
and verified evidence base. Such a programme should be 
comprehensive, designed for different sectors, supply-chain 
actors and service providers, with effective implementation of 
a portfolio of classroom-based and e-learning-based outreach 
methods, including training-of-trainers programmes and 
local post-harvest innovation platforms. It should specifically 
support the formation and empowerment of women-led 
businesses in the value chains.
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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.”

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 teff (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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Cold houses and underweight 
children

Last May, a private solar mini-grid operator began providing 
electricity – and first-ever refrigeration – to 150 village 
households living on Dek Island in Lake Tana, 320 kilometres 
north-west of Addis Ababa (Figure 1). A small fishermen’s 
cooperative is using a refrigerator to preserve tilapia and 
catfish they catch every day in Ethiopia’s largest lake. While 
most of the fish is sold in nearby Bahir Dar, more local villagers 
are eating it, too.

Figure 1. The first-ever refrigeration for fishermen at Dek Island, Ethiopia 
(Photo: Peyton Fleming)

“It’s helping the local community consume more fish in their 
diets, since there is always fresh fish in the refrigerator,” said 
Samuel Alemu, engineer and business development head at 
Rensys Engineering & Trading, based in Ethiopia, which is 
operating the 57-panel solar system, the first of its kind in the 
country. Built with a grant from the US African Development 
Foundation, the mini-grid is still ramping up and operating at 
only 35-50 percent capacity.

In rural areas across the country, 100 milk-chilling centres 
are being built to help small-scale farmers sell their fresh milk 
instead of losing much of it – especially milk taken from cows 
in the evening called ‘night milk’ – due to lack of refrigeration. 
Most rural populations cannot afford fresh milk – a rich source 
of essential nutrients – due to inadequate chilling capacity. 
While 11 of the chilling centres have been built, “it’s still 
too early to talk about positive impacts,” says Dr Sintayehu 

Yigrem, a dairy expert and professor at Hawassa University in 
southern Ethiopia.

These are small inroads in a country that is busting at the 
seams with smiling bands of children and teens in ever-more 
crowded villages and roadsides. It’s clear more of these projects 
need to be replicated on an enormous scale to reach Ethiopia’s 
vast rural areas that account for 80 percent of its 107 million 
people.

Lacking access to refrigeration and viable markets, poor 
rural farmers earning under $2 a day cannot afford 
nutritious foods. Most of the animal-source food produced 
by smallholder farmers is sold to generate much-needed cash 
for cheaper foods, charcoal, kerosene, phone-charging costs 
and other pressing needs, according to Dr Sintayehu. They 
rarely have enough money to buy fruit and vegetables. Meal 
after meal, they eat maize, sorghum and a flat spongy bread 
called ‘injera’ or a bread-like staple made from false banana 
trees.

“Local diets are mainly cereal-based foods,” said Dr Sintayehu. 
“Meat, chicken, eggs and fruits – these are luxury foods. They 
might only happen during religious holidays.”

Children are hit the hardest by these poor-quality diets, with 
millions suffering every year from stunting. At last count, 
according to the 2016 Ethiopia Demographic and Health 
Survey, 38 percent of Ethiopian children under 5 years of age 
suffer from chronic malnutrition (documented by stunting 
or low height for their age). While these numbers are an 
improvement from 20 years ago, the country still has a long 
way to go, with many rural regions still seeing stunting rates 
of over 40 percent.

The cold truth
The cold truth is that most of Ethiopia’s refrigeration capacity 
is aimed at large commercial agriculture ventures, principally 
for export products such as flowers, exotic fruits and meats.

This becomes very clear soon after leaving the mayhem of the 
Altkit Terra Fruit and Vegetable Market (Figure 2) in downtown 
Addis Ababa and driving south towards the city of Hawassa.

Figure 2. Fruit and vegetable market in Addis Ababa (Photo: Peyton Fleming)

https://www.f6s.com/rensysengineeringandtradingplc
https://www.globalhungerindex.org/case-studies/2018-ethiopia.html
https://www.unicef.org/ethiopia/sites/unicef.org.ethiopia/files/2018-10/Ethiopia Children Fact Sheet 2018.pdf
https://www.usaid.gov/sites/default/files/documents/1864/Ethiopia-Nutrition-Profile-Mar2018-508.pdf
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The first area we pass through is blessed with a high water table 
and irrigation – and lots of refrigeration. (It’s also a popular 
spot for nomadic camel herders escaping parched conditions 
further east in the Ogaden Desert.)

Our first stop is Luna Export Meats, which exports locally 
sourced sheep, lamb and other meat to the Middle East. It is 
one of half a dozen slaughterhouses in this region that have 
extensive cold-room facilities powered by the local electric 
grid. “They’re all commercial, and they’re all exporters,” said 
Dr Yetenayet, who joined me on the trip.

Further south in the Rift Valley, we pass sprawling strawberry 
farms and dozens of greenhouses that are growing cut flowers 
that will eventually be sold in the Netherlands and other parts 
of Europe. Again, they all have cold storage.

Yet, some area farmers are realising the benefits of cold storage 
by working cooperatively. At the Meki Batu Fruit and Vegetable 
Grower’s Cooperative Union in the Rift Valley, 152 growers 
banded together in 2012 to secure a loan to build a food-
aggregation centre that includes a 10-tonne cold-storage unit. 
Their fresh produce is now being delivered three days a week in 
refrigerated trucks to Ethiopian Airlines, which uses it for meals.

While not sourcing for local families, the grower’s union 
offers a key lesson: access to cold storage is nearly impossible 
if you’re a small-scale individual farmer; it’s simply too 
expensive. Groups of farmers that can be organised around a 
viable business venture have a far better chance of financing 
and building cold-storage capacity that will enable them to 
boost their incomes – while also improving local diets and 
nutritional prospects.

“Without the cold room, the grower’s union would never have 
been established,” said Melesse Abule, a field technician with 
the farmer’s union. “The airline wouldn’t buy from us.”

The urgency for scaling such efforts cannot be understated. 
With a rocketing population in a region that is getting drier and 
hotter due to climate change, Ethiopia has no time to waste in 
producing more nutritious food that is accessible for rich and 
poor alike. The solution is better post-harvest food practices 
that include broader, more equitable access to refrigeration.

“We need to be focussing on nutrition, not just filling 
tummies,” said Toby Peters, Professor in the Cold Economy 
at the UK-based Birmingham Energy Institute, who is 
researching how we create access to cooling for all. “Broader, 
more affordable access to refrigeration and cold chains is a 
critical step for getting Ethiopians the nutritious diets they 
need to live fully productive lives.”

“These interventions are so vital for the country, but it has to be 
cost-effective, and it has to be done quickly,” Dr Sintayehu added. 
Otherwise, a preventable problem that has hundreds of thousands 
of young Ethiopian children dying prematurely and millions who 
will never reach their potential could grow even worse.

Peyton Fleming 
 Peyton Fleming is a freelance journalist writing about food 
security and clean energy issues in emerging markets such 
as Africa and Asia. He previously worked at the non-profit 
sustainability group Ceres, where he served as communications 
director for 12 years. PeytonFleming22@gmail.com
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Abstract
Building on the pressing need to connect tropical and 
subtropical farmers and growers to market opportunities 
through an unbroken series of low-carbon, energy-efficient 
cooling technologies, the author considers the use of this cold-
chain infrastructure as a foundation for sustainably meeting a 
broad range of cooling needs in developing rural communities. 
Potential cooling demands that are considered for aggregation 
and integration with food cold chains in a ‘community cooling 
hub’ concept include the storage and distribution of vaccines 
and medicines, the provision of space cooling for education, 
productive work and building comfort, and the delivery of 
chilling and freezing for food processing that adds value to 
agricultural and horticultural production. The paper proposes 
that, through combining a systems-level view of community 
cooling demand with the implementation of an innovative 
business model for cooling provision as a service, community 
cooling hubs can provide a route to sustainable economic 
development. The author concludes with a call to take the 
concept forward in the creation of policies aimed at reducing 
poverty and improving livelihoods in the rural communities of 
developing economies.

Introduction
Facilitating connections between farmers and market 
opportunities through the provision of supply-chain 
infrastructure is a well-understood route to economic 
development. Indeed, no successful mature developed 
economy has been built without initially undergoing a 
revolution in the country’s agricultural activity, transforming 
subsistence farming into larger-scale production efficiently 
connected to consumer markets. In the case of tropical and 
subtropical nations, the climate and geography dictate that 
such a transition is largely based on the farming of perishable 
produce that is highly sensitive to heat spoilage. Cooling 
technologies of various levels of sophistication are therefore 
required to facilitate the link between producers and a range 
of income-generating opportunities beyond their immediate 
locale.

Cooling provision is, however, problematic, as it already causes 
twice the global greenhouse gas (GHG) emissions of shipping 
and aviation combined, and recent analysis by the University 
of Birmingham has shown that at current growth rates these 
emissions could double by 2050, even allowing for anticipated 
improvements in equipment energy efficiency (University of 
Birmingham, 2018). Further, the same study suggests that if 
access to cooling were facilitated to all who need it for fresh 
nutritious food, safe medicines and protection from heat 
(referred to as ‘cooling for all’), thereby meeting important 
United Nations Sustainable Development Goals (SDGs), then – 
without significant radical technological improvements – the 
cooling sector could emit nearly five times the amount of 
GHGs it does today by mid-century. Clearly, an alternative, 
more sustainable, approach needs to be found to delivering 
cooling on the route to economic development.

The foundation: cold chains
It is hard to overstate the centrality of the cold chain to economic 
and social development. Its availability for deployment as 
a fully integrated, seamless, uninterrupted temperature-
controlled environment from a location of production to a 
point of consumption leads to economic growth and a dramatic 
improvement in the health and well-being of a nation’s 
population. This is particularly the case in countries located in 
tropical and subtropical regions, where ambient temperatures 
are high and food produce can deteriorate rapidly. When 
harvest air temperatures are above 30°C, post-harvest losses 
from heat spoilage of perishable agricultural and horticultural 
products (eg vegetables, dairy, meat and fruit) are substantial 
without the provision of cooling in the form of pre-coolers, 
cold stores and refrigerated vehicles for onward transportation 
to market. For example, post-harvest losses of mangoes in 
India have been shown to be as high as 25-30 percent, mainly 
due to a lack of cold-chain infrastructure, thereby dramatically 
reducing the income-earning potential of the producer. The 
optimum pre-cooling of mangoes at the point of harvest for 
eight hours at 8°C, however, can result in a shelf life extension 
for the produce of just over five days (Makwana et al, 2014), 
enabling additional volumes of saleable food to reach markets 
and consumers in a safe, nutritious condition.

mailto:drfox@hotmail.co.uk
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Overall, losses from production location to end consumer can 
run as high as 50 percent in warm to hot climates (IMechE, 
2013). The technical and logistical solution is well known: an 
unbroken cold chain of pre-coolers, cold stores, refrigerated 
vehicles and chilled cabinets for retail that maintain the 
quality and nutritional content of the food from point of 
production to point of consumption. In the mature developed 
economies of the world, such as those of North America and 
Europe, 85-90 percent of the produce that could benefit from 
entering a cold chain at harvest does so. By comparison, in 
the developing economy of India, the huge physical size of 
which embraces both tropical and subtropical climates, an 
absence of fully integrated cold chains means that the figure 
is nearer 4 percent (IMechE, 2014). As a result, producers and 
rural communities fail to achieve the full economic benefits of 
their investment in production, and the nation’s population is 
fed poor-quality, and in many cases unsafe, food of inadequate 
nutritional content. This leads to significant health issues, 
particularly in young children, as reflected in national 
statistics on stunting and other outcomes of malnutrition. In 
short, the issues of rural poverty in tropical and subtropical 
regions cannot be effectively addressed without cold-chain 
provision to extend produce life and connect farmers and 
growers to markets for income generation. A seamless cold 
chain does not just reduce post-harvest food losses; equally 
importantly, it allows producers to earn more by maintaining 
the quality of their produce and providing options for selling 
it further afield.

Investment in the physical infrastructure necessary to deploy 
cold chains is clearly not cheap. But assuming a nation, as in 
the case of India (NCCD, 2015), recognises the importance of 
building cold-chain capacity and sets about doing so, thereby 
addressing two of the three pillars on which sustainability is 
built (economy and society), the third pillar, environment, 
may be seriously compromised. In this regard, current cold-
chain technology is largely powered by GHG-emitting fossil 
fuels, either in the form of grid-based electricity produced 
in coal-, gas- or oil-fired generation plants, or through the 
diesel engines used in stand-alone generators and refrigerated 
vehicles. In the case of the latter, the diesel-fuelled engines 
that power transport refrigeration units (TRUs – stand-alone 
units separate from the vehicle’s motive power engine) are 
notoriously polluting in terms of nitrogen oxides (NOx) and 
particulate matter (PM) (IMechE, 2014), contributing to poor 
air quality, particularly in dense urban areas at the last-mile 
delivery end of the supply chain. It is therefore important 
to ensure that the solution of a socio-economic problem 
through the deployment of cold chains does not subsequently 
lead to a significant environmental problem. For example, a 
recently published study (Heard & Miller, 2019) has shown 
that, although the introduction of a refrigerated food supply 
chain in sub-Saharan Africa could reduce post-harvest losses 
by up to 23 percent, it would potentially lead to a net increase 
in food-related GHG emissions of between 2 and 10 percent, 
depending on the equipment mix used. In recognition of this 
pitfall in cold-chain deployment, efforts are under way globally 
to develop low- or zero-emissions technologies that can enable 
the delivery of ‘clean’ cooling as an alternative to making 
‘business as usual’ deployments (Peters, 2018).

Cooling in the community
There are many benefits to be gained from the provision of 
cooling in rural communities, in addition to those arising 
from the use of cold-chain technology in agricultural or 
horticultural applications for food supply. The most obvious of 
these are the health benefits that result from the deployment 
of robust cold chains for the delivery of vaccines and medicines 
(Figure 1) and the economic productivity improvements that 
come with air conditioning in schools and workplaces, but 
there are others too.

Figure 1. Sustainable ‘clean cooling’ fridges would be a component in build-
ing community cooling hubs on the foundations of the cold chain, such as 
this vaccine refrigerator arriving at a medical centre in Mali that can cool for 
up to 12 days without power (Photo: Sure Chill)

Like food produce, vaccines and many medicines need to be 
maintained in unbroken temperature-controlled environments 
from their production site to their consumption point in order 

Clean cooling

As described by Professor Peters, University of Birmingham: 
‘clean cooling’ is the provision of cooling through efficient 
and sustainable means that contribute towards achieving 
society’s goals for GHG emissions reduction, climate 
change mitigation, natural resource conservation and air 
quality improvement. Clean cooling must necessarily be 
accessible, affordable, financially sustainable, scalable, 
safe and reliable to help deliver our societal, economic and 
health goals.

Clean cooling specifically includes clean cold chains – 
integrated, seamless and resilient networks of refrigerated 
and temperature-controlled pack houses, cold stores, 
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. Application 
of clean cooling in cold chains should enhance the income, 
economic wealth and financial security of farmers, growers 
and fishers, and improve food quality, safety and value 
to consumers; achieving this sustainably with minimum 
environmental and natural resource impact.
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to maintain quality, integrity and safety. Indeed, such supplies 
are highly sensitive to temperature excursions outside their 
‘design envelope’, which in the case of vaccines is 2-8°C. 
Exposure to the ambient air temperatures experienced in 
tropical and subtropical regions can result in rapid product 
degradation to the point of destruction, and the World Health 
Organization (WHO) estimates that nearly 25 percent of liquid 
vaccines are disposed of annually largely due to broken cold 
chains (University of Birmingham, 2018).

In the case of cooling of schools and workplaces, studies have 
suggested that human performance in office and school work 
is functionally related to room air temperature (Berkeley 
Lab, 2019). Implementing a temperature-controlled learning 
environment can lead to better knowledge retention, increased 
student productivity, higher educational attainment and 
improved outcomes from schooling, which might reasonably 
be expected to translate into economic benefits through a 
more educated workforce. Likewise, providing a temperature-
controlled workplace through the deployment of cooling leads 
to increased productivity, which underpins economic growth 
and improvements in societal well-being. In tropical and 
subtropical countries where ambient temperatures are already 
high relative to human comfort zones, and in many cases set 
to become even higher with global climate change, provision 
of cooling in places of education and work is an essential 
ingredient for economic development.

Another, less obvious, area where benefits are to be gained 
from the provision of cooling in rural agricultural and 
horticultural communities is in the case of food processing. It 
is widely recognised that the addition of even basic elements of 
this activity (eg canning or preparing food produce for use and 
freezing) in proximity to production adds jobs and economic 
value. The latter is attained through enhanced market 
opportunities for food produce, in terms of market size, reach 
(eg through exports) and consumer price-point, which offer a 
route to economic development beyond increased production 
and food loss reduction. However, with food processing in 
many cases there is a requirement for cooling, and as the 
business grows, and/or the sophistication of the processing 
undertaken increases, the demand for cooling provision 
becomes greater.

Cooling hubs: a new sustainability 
paradigm

Given the wide range of development benefits that cooling 
can bring to a rural community, particularly where ambient 
temperatures are high, the question is how to reap the 
economic and social rewards it unlocks while simultaneously 
avoiding the environmental degradation associated with the 
current suite of ‘business as usual’ technologies. In other 
words, how do we ensure sustainable cooling provision?

As noted previously, there are a small but growing number of 
organisations around the world developing and deploying clean 
cooling technologies which, in themselves, provide sustainable 
solutions to individual elements of cooling demand. However, 

welcome though these are, the scale of the challenge is such that 
in reality it demands radical, innovative approaches to provision. 
What is required is a more sophisticated view that takes a 
systems- and services-level perspective on how best to deliver the 
most efficient, optimised and integrated sustainable solutions.

A starting point for this approach is to quantify, by volume, 
temperature and location, the portfolio of (current and 
future) demands for cooling that will realistically lead to a 
community’s economic and social development. In parallel to 
this, an assessment needs to be made of the locally available 
natural sources of cooling (eg surface and underground 
bodies of water, shading, prevailing winds) and any ‘wasted’ 
cooling resources (eg from any industrial processes, if 
industry is present), so that these can be considered first when 
matching supply to demand. The key and radical step is then 
to consider the aggregation of all the sources of demand and 
the delivery of a matching supply through a single, integrated, 
optimised, efficient, sustainable system based on a ‘cooling as 
a service’ (CaaS) model. In effect, the aim will be to establish a 
‘community cooling hub’.

Using the deployment of a clean cold chain into a rural 
community as the starting point – for example, in the provision 
of a CaaS cold-store facility – such a cooling hub could be 
designed and established to service a number of local demands 
that might include pre-cooling of food produce, vaccine and 
medicine storage, space cooling for education and/or work, 

Cold as a service

Cooling provision today typically involves the purchase 
of a piece of equipment, for example a refrigerator or air-
conditioning unit, by the individual or organisation with 
the cooling need. In an alternative approach, ‘cooling as 
a service’ (CaaS) sees the consumer paying for cooling 
provision on a ‘pay as you use’ service basis, with a 
producer cooperative or third-party ‘cooling provider’ 
funding the equipment’s capital and operating costs 
(the most commonly recognised current use of the CaaS 
model is in district cooling, where customers do not own 
the infrastructure that delivers cooling to their living/
work space but instead purchase cooling from the service 
provider). These payments are fixed-cost-per-unit for the 
service used, for example, per pallet, per tonne of produce 
refrigerated, or per cubic metre of cooled air supplied.

The CaaS business model is a particularly attractive option 
in developing countries, especially in the case of cold-
chain provision for smallholder farmers and growers, 
where it benefits those who need cooling by removing 
the requirement for individual producers to find upfront 
funds for capital investment in cooling equipment. The 
model also reduces the perceived technology risk for the 
producer, as they are not exposed to equipment failure and 
the demands of maintenance. Indeed, CaaS incentivises 
effective equipment servicing and maintenance, as service 
providers seek to improve income through operational 
availability (good maintenance delivers better equipment 
performance and reduced energy bills and emissions).
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and food processing. In practice this could be achieved from a 
technical perspective via two potential routes, either:

• co-location of the sources of demand with the hub supply 
point (ie in a similar model to creating an industrial estate 
or business park); or

• the introduction of a new energy vector for distribution 
of cooling from the hub supply point to consumers in the 
surrounding rural community.

An example of the latter concept has previously been explored 
and presented by the author for the case of liquid-air-based 
hubs in rural sub-Saharan Africa (IMechE, 2014). In that 
example, the hub was conceptually based on a small-scale 
solar-powered air-liquefaction plant producing liquid air for 
use as an energy vector to deliver direct thermal cooling to 
a cold-storage warehouse, a hotel, a school, a medical centre 
and a small food processing plant for blast freezing, as well 
as mechanical power to drive TRUs, small zero-emissions 
vehicles (at the scale of an auto-rickshaw) and backup 
electricity generators at the medical centre and hotel (Figure 
2). One further potential opportunity explored in this rural 
community cooling hub concept was the use of liquid air for 
energy storage at the liquefaction plant in conjunction with a 
local micro-grid used for power provision.

Figure 2. Conceptual sketch of what a community cooling hub might look 
like in rural sub-Saharan Africa, based on a small-scale solar-powered air- 
liquefaction plant producing liquid air for use as an energy vector to deliver 
cooling (Source: Institution of Mechanical Engineers and Liquid Air Energy 
Network; IMechE, 2014)

Taking this whole systems and service approach will allow 
communities to take account of a full inventory of input 
factors, including, for example, societal and cultural, product 
and service requirements, distances goods and medical 
supplies may have to travel, climate, technical capacity, 

affordability and resource availability. This ensures that, in 
the first instance, demand for cooling can be minimised, and 
solutions can be tailored to a given community, rather than 
approaching the problem with pre-ordained assumptions.

Conclusions
In tropical and subtropical regions, the provision of integrated 
cold-chain infrastructure to efficiently connect farmers and 
growers to markets is an essential step on the journey to 
successful economic development. This paper has, however, 
highlighted the need for the deployment of this infrastructure 
to be based on clean cooling technologies, rather than the 
traditional ‘business as usual’ suite of fossil-fuel-powered 
equipment, and explored how the provision of rural cold chains 
can help build capacity for meeting the broader cooling needs 
of the community. In this regard, the concept of creating a 
rural community cooling ‘hub’ has been proposed based 
on systems thinking and the introduction of an emerging 
innovative business model for access to cooling, ‘cooling as 
a service’. Through collaboration in producer cooperatives, or 
via a third-party service provider, the concept is realised in 
the accelerated roll-out of clean, energy-efficient, sustainable 
community cooling and cold-chain systems.

Beyond the concept, the next step is to create policy strategies 
and enabling financing innovations for bringing affordable, 
and ‘fit for market’ (in the local context), clean cold-chain-
based community cooling hubs to the economic development 
toolbox. This requires physical, on-the-ground demonstrations 
of matrices of integrated technologies working in collaborative 
hub solutions, partnership with a range of stakeholders for the 
instigation of appropriate investments/financing options, and 
advocacy action to drive community cooling hub solutions 
into development policy making in international governmental 
bodies and the national governments of emerging and 
developing economies.
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International agricultural research news

Cold chains and CGIAR consolidation
Much of the research of the international agricultural centres 
focusses on food systems based on staple crops and that do not 
rely on cooling for storage and transport. However, a few of the 
centres are concerned with more perishable products for which 
cooling can be critical at various stages along the value chain. 
Thus, both the World Vegetable Centre (WorldVeg) and the 
International Livestock Research Institute (ILRI) have included 
research on cooling in their respective portfolios, as has the 
International Food Policy Research Institute (IFPRI), which 
recognises the role that cold chains can play in reducing waste 
and bringing greater economic benefits to the agri-food sector. 
Examples of the work of WorldVeg and IFPRI are highlighted 
here.

Evaporative cooling for vegetable 
storage in Africa

It has been estimated that as much as 40 percent of fresh 
produce is discarded by farmers who lack access to suitable 
cooling facilities. Recognising this, WorldVeg has been 
developing and testing the Zero Energy Cool Chamber (ZECC) 
as a low-cost, practical alternative to refrigeration, especially for 
areas where electricity is expensive, unreliable or unavailable.

ZECC works by evaporative cooling, which can result in lowering 
the temperature by as much a 10°C in very dry conditions while 
maintaining a relative humidity of up to 95 percent. The cooler 
comprises a double-walled chamber that can be readily built 
from bricks, with the space between the two walls filled with 
wet sand. Fresh vegetables are placed in the inner chamber and 
the top is covered with damp burlap sacking.

WorldVeg has carried out research to evaluate ZECC technology 
under farmer-managed conditions in Arusha and at various 
sites in the Lushoto and Morogoro regions of Tanzania. The 
research involved 85 participants (27 women and 58 men) 
who were shown how to build and use the cool chambers. 
ZECC was found to enable farmers to store leafy vegetables 
such as amaranth for up to three days instead of one, while 
fruit could be kept for up to seven days. Members of the Kilimo 
Farmers Group in the Nduruma area of Tanzania reported that, 
whereas they were originally earning USD 7 per 100 kg of leafy 
vegetables, since they started using ZECC they are now getting 
USD 9-11.

In 2017 in Mali, WorldVeg, in collaboration with the 
Massachusetts Institute of Technology, evaluated a range 
of low-cost technologies designed to improve the storage of 
vegetables through evaporative cooling. The study compared 
three different evaporative cooling chambers of the type used 
by horticulture cooperatives, and three clay pot coolers, as 
used by households. The three commercial chambers were 
built predominantly of straw, burlap sacking or brick, and 

the three clay pot coolers tested comprised a cylindrical or 
spherical pot each standing in a dish of water, or a small clay 
pot inserted into a larger one with the space between the two 
filled with sand, which served as a medium for holding water 
for the evaporative cooling.

A combination of electronic sensors and structured user 
interviews were used to gather information about users’ needs, 
current methods of post-harvest storage, and the performance 
of the evaporative cooling devices.

The testing was carried out in an environment with a relative 
humidity of less than 40 percent and an ambient temperature 
of 29-37°C. Of the three chambers, the one built of brick was 
the most effective at keeping the contents cool, maintaining 
an average of 5.8°C below the ambient temperature. It also 
required the least frequent topping up with water. Unlike the 
burlap sack and straw versions, it was also able to maintain 
a high relative humidity and offered good protection from 
animals and insects. The ‘pot within a pot’ proved to have the 
greatest cooling effect overall (6.7°C), although it required daily 
topping up with water. Holding a maximum of only 100 litres 
(compared with up to 5,000 litres for the brick chamber), the 
capacity of the ‘pot within a pot’ is, nevertheless, more than 
enough for normal household use.

Based on the findings of the project, an interactive 
‘Evaporative Cooling Decision Making Tool’ was devised, and 
recommendations published in the Evaporative cooling best 
practices guide. These resources are available at http://d-lab.
mit.edu/resources/projects/evaporative-cooling (for more 
information, see Verploegen et al, 2018).

Cold chains in Bihar, India
Numerous studies have been carried out on changes in 
agricultural value chains at the farm level, where technologies 
such as better irrigation, improved seeds and increased use of 
chemical fertilisers have had a major impact. Much less research 
has been done on the impact of innovations midstream and 
downstream in the value chain, where innovations have also 
benefitted producers and consumers alike. What research there 
has been has tended to focus on high-value crops, modern 
retail practices and the impact of food-safety legislation on 
exports. There has been a comparative lack of research on 
market innovations in traditional domestic value chains, such 
as on local storage and transport systems. Recognising this, 
IFPRI, together with partners in the USA and India, undertook 
a study on the rapid emergence and up-scaling of modern 
cold-storage facilities in Bihar, one of the poorest states in 
India (Minten et al, 2014).

The study looked in depth at the situation in two districts of 
Bihar, Vaishali and Samastipur, that were characterised by 

http://d-lab.mit.edu/resources/projects/evaporative-cooling
http://d-lab.mit.edu/resources/projects/evaporative-cooling
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their large numbers of smallholders and by the fact that the 
number of cold-storage facilities had more than doubled over 
the previous decade and total storage capacity had expanded 
fourfold. These cold stores were almost exclusively used for the 
storage of potato, the most important vegetable (by volume) 
in India and in Asia more generally. The study looked at three 
main issues: firstly, the factors that have contributed to the 
expansion of cold-storage facilities; secondly, the role of cold 
storage in the value chain; and thirdly, the benefits accruing 
from the increased use of cold stores.

The study concluded that the rapid spread of the cold 
storage was driven by a large number of factors, including 
deregulation of potato production and marketing, improved 
road infrastructure, greater availability of new technologies 
(more efficient compressors and potato varieties with better 
storability), as well as the provision of government subsidies.

While seed potatoes accounted for more than two thirds of 
all potatoes stored 10 years earlier, at the time of the study 
this had reduced to about half, with the remainder destined 
for the table. The increase reflects both a greater importance 
of potato consumption in Bihar as well as the expanding role 
of traders and cold-storage owners in potato storage: while 
traders owned 8 percent of all stored potatoes in 1999, this 
share had doubled to 16 percent in 2009.

Of the farmers surveyed, 92 percent reported that they stored 
at least part of their potato production. Those who stored 
none indicated that this was primarily because they needed 
cash urgently after harvest. Farmers stored potatoes for two 
main reasons: either because they expected prices to rise or 
because they were storing seed for planting. All the farmers 
who stored potatoes indicated that they used cold stores and 
that traditional on-farm storage methods have apparently all 
but disappeared. Cold-storage costs represented only a minor 
expense in the potato value chain, accounting for less than 
10 percent of the final retail price. While accurate figures 
were difficult to obtain, the study estimated that only about 
9 percent of cold-stored potatoes were wasted – a figure that 
is lower than for many developed countries where cosmetic 
requirements are stricter.

The study concluded that, overall, the richer the household 
and the more produce it had to sell, the more likely it was to 
use cold storage and thus to capture more of the benefits of 
the higher prices in the off-season. However, all farmers, large 
and small, appear to have benefitted from the rapid increase in 
the availability of cold-storage facilities.

Consolidation in the CGIAR
Over the past year, several of the CGIAR centres have begun 
exploring the desirability and practicality of forging closer, 
more formal links among themselves. This has been fuelled by 
the twin objectives of achieving greater impact and increasing 
the cost-efficiency and effectiveness of their operations. Various 
models of closer collaboration have been – and are being – 
explored, from a loose association between two centres to a full 
merger. Discussions are well advanced, for example, between 
the Centre for International Forestry Research (CIFOR) and 

the World Agroforestry Centre on the possibility of establishing 
a new, separate international institute that would ultimately 
absorb the two existing centres, and AfricaRice is exploring the 
possibility of operating a joint venture in Africa together with 
the International Rice Research Institute (IRRI). Another of the 
more advanced associations, between the International Center 
for Tropical Agriculture (CIAT) and Bioversity International, is 
discussed below.

The possibility of creating an association between CIAT and 
Bioversity was first mooted in January 2018 at a CGIAR 
meeting in Morocco. Shortly thereafter the two Boards 
of Trustees established a joint working group to explore 
possibilities in greater depth. The working group comprised 
the Board Chairs, Directors General and two additional Board 
members from each centre, and was subsequently expanded 
to include members of senior management from both centres.

At their respective meetings in May 2018, the two Boards gave 
the green light for the centres to continue the discussions 
towards creating a strategic partnership, to be called the 
Bioversity-CIAT Alliance until a more appropriate name could 
be agreed. It was further decided to work towards creating an 
entity with a single mission and programme, operating under 
a single Chief Executive Officer and Board. The joint working 
group was charged with steering the process of setting it up.

In June, the Boards established a joint selection panel to lead 
the search for an individual to take over as Director General of 
Bioversity when the then incumbent, Ann Tutwiler, left at the 
end of February 2019, and to become CEO of the Bioversity-
CIAT Alliance as of 1 January 2020, following the departure of 
CIAT’s Director General, Ruben Echeverria.

In September 2018, fifty scientists from Bioversity and CIAT 
met in Bonn to begin identifying areas of common research 
interest and to start developing priorities for the unified 
programme. In all, some 12 areas were identified, and it was 
agreed to continue to refine these and work towards a common 
mission, vision and strategic goals.

The two Boards of Trustees met face-to-face for the first time 
at the World Bank in Washington in November 2018 in what 
was described by Juergen Voegele, Chair of the CGIAR System 
Council, as a “historic and heroic meeting”.

A Memorandum of Understanding was signed by the respective 
Board Chairs to guide the establishment of the Alliance. The 
document outlined the main decisions made thus far, as well 
as agreed statements of the vision, mission and strategic 
objectives as follows:

Vision: Food systems and landscapes that sustain the planet, 
drive prosperity, and nourish people.

Mission: To deliver research-based solutions that harness 
agricultural biodiversity and sustainably transform food 
systems to improve people’s lives.

Strategic objectives:

1. People consume diverse, nutritious and safe foods.

2. People participate in and benefit from inclusive, innovative 
and diversified agri-food markets.
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3. People sustainably manage farms, forests and landscapes 
that are productive and resilient to climate change.

4. Communities and institutions sustainably use and 
safeguard agricultural biodiversity.

At the Washington meeting, the Boards also jointly appointed 
Juan Lucas Restrepo to be the incoming Director General of 
Bioversity and CEO designate of the Alliance. Juan Lucas, 
who was head of the Colombian national agricultural research 
institute, Agrosavia, is well known within the CCIAR, having 
served as a representative of Colombia on several CGIAR 
committees and having chaired the Global Forum on 
Agricultural Research (GFAR).

Thus, considerable progress has already been made in 
forming a close association between CIAT and Bioversity, and 
the remainder of 2019 is expected to see further significant 
developments. A joint Programme Committee will oversee 
the development of a unified programme strategy; a joint 
governance committee will oversee the setting up of legal 
arrangements that will enable the two institutions to operate 
as one; and the process has already begun to harmonise 
operating policies and procedures.

Updates on the progress of this, and other associations between 
centres, will be reported in future editions of Agriculture for 
Development.

Geoff Hawtin
Geoff has served as Deputy Director General of the 
International Centre for Agricultural Research in the 
Dry Areas (ICARDA) in Syria; Director General of the 
International Plant Genetic Resources Institute (IPGRI) 
(now Bioversity International) in Italy; and Director 
General of the International Center for Tropical Agriculture 
(CIAT) in Colombia. He is currently a member of the CGIAR 
System Management Board.
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In February 2016, India’s Prime Minister 
Modi declared: “I wish to double the income 
of farmers by 2022 when India will celebrate 
75 years of its independence.” The following 
month he set out a seven-point plan to 
achieve that target. One of the plan’s key 
measures is to develop ‘cold chains’ – an 
integrated network of refrigerated buildings 
and vehicles to transport produce from 
farm to shop quickly and in good condition. 
Currently, India’s cold-chain capacity is 
minimal, and as much as 40 percent of 

some harvested crops have to be discarded 
before reaching any consumer. This is 
a huge waste of food, a major loss of 
revenue, and has serious consequences for 
agricultural resources and carbon emissions.

This report is the result of a study tour 
and workshop led by the University of 
Birmingham, with help from the Foreign and 
Commonwealth Office, the Department for 
International Trade, the state government 
of Haryana, and India’s National Centre for 
Cold-chain Development. Its purpose was 
to identify how an Indo-British partnership 
can meet the challenge of developing 
sustainable cold chains in India.

The benefits of cold chain in India have 
already been demonstrated by a recent 
pilot project that transported citrus fruit 
from farms in Abohar (Punjab) to the city 
of Bangalore (Karnataka). It found that 
cold chain reduced wastage by 75 percent 
and raised profits at the farm gate tenfold. 
However, the conventional cold-chain 
technologies are highly polluting and often 
powered by diesel, especially in transport, 
so there is a need to demonstrate clean 
– low-carbon and zero-emission – cold 

chains. This will allow sustainable doubling 
of farmers’ income.

Clean cold technologies already exist, and 
those reviewed include several powered 
by solar photovoltaic panels; others that 
provide cooling though solar-powered 
absorption chilling, which converts sunlight 
directly into cooling without an intermediate 
electrical stage; and others that power 
off-grid refrigeration through biomass 
gasification. The review also covers the 
use of eutectic plates or advanced phase-
change materials that can be charged at 
night to provide cooling in smaller vehicles 
during the day, and novel energy carriers 
such as liquid air or nitrogen to provide cold 
and power for vehicle cooling.

Crucially, the workshop highlighted the 
potential of India’s liquified natural gas (LNG) 
import terminals to provide enormous 
quantities of low-cost, low-carbon, zero-
emission cooling through the recycling of 
waste cold from LNG re-gasification as 
liquid nitrogen. This is potentially a major 
opportunity, since Petronet LNG is keen 
to exploit its waste cold, and its terminals 
at Dahej and Kochi re-gasify continuously 
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as ‘baseload’. This cold could be used to 
provide clean cooling to India’s new cold 
chains.

The report’s key recommendation is to 
create a series of regional ‘living labs’ 
called the India Clean Cold Chain Centres 
(I4C). These will solve all of the interlinked 
challenges of clean cold-chain development 
simultaneously and coherently. The 
centres would demonstrate and evaluate 
the cold chain as a continuous chain of 
sustainable technologies connecting farm to 
consumption centre, rather than as a series 
of isolated facilities. They would demonstrate 
not only clean cold technologies, but also 
the business and funding models, skills and 
market engagement needed to support 
them in the Indian context, and would also 
catalyse the growth of manufacturing supply 
chains.

The report concludes that there is a strong 
case for the British and Indian governments 
to support a centre to demonstrate clean 
cold chain and to accelerate its deployment. 
If successful, the same approach could be 
applied in other countries with rapidly 
emerging economies.

Paul Harding

Postharvest Extension and Capacity 
Building for the Developing World 
(1st Edition)

Majeed Mohammed, Vijay Yadav 
Tokala, eds, 2018

CRC Press, Taylor & Francis Group

Hardback, 210 pages, £130; eBook, 
£37.79

ISBN: 9781138069282

The concept for this book was presented 
to the board of directors of the Postharvest 
Education Foundation (PEF), leading to 
chapters being submitted by post-harvest 

extension and training professionals from 
Africa, Europe, Asia, and Latin and North 
America.

The book is written in the context of the 
estimate that around 1.3 billion tonnes 
per year of food produced for human 
consumption is either lost or wasted globally 
– about one third of all food produced. 
Reduction of the post-harvest losses is 
considered one of the sustainable ways to 
ensure world food security.

Postharvest extension and capacity building 
for the developing world provides information 
on post-harvest extension/outreach 
programmes, capacity-building, and practical 
methodologies for post-harvest extension 
professionals and food-science teachers, 
food-processing trainers, and outreach 
specialists who work in the field.

The chapters in the book provide 
information on training of post-harvest 
trainers, food-loss assessment methods, 
capacity-building in universities and agro-
industry, distance education methods, 
models for cost-effective post-harvest/food-
processing extension work, success stories, 
and lessons learned from past projects and 
programmes.

The book is divided into four sections. 
Section I explains post-harvest loss 
assessment methods, Section II is on 
capacity-building, and Sections III and IV 
focus on training and post-harvest extension 
models. Section IV includes chapters on 
extension techniques, including animated 
videos, massive open online courses, 
ICT and live demonstrations. Food-loss 
assessment methodologies are highlighted 
from several high-profile institutions, and 
it is envisioned that researchers and post-
harvest extension personnel will benefit 
from the development and field-testing of 
a hybrid methodology, incorporating the 
strengths and utilising the best practices 
from each of the methodologies in 
current use. The book covers post-harvest 
extension work and capacity-building in a 
wide range of regions conducted by local 
and international formal and informal 
researchers.

The collation of the chapters in a single 
publication makes it a useful reference that 
the authors hope will serve as a model 
for future post-harvest extension in this 
dynamic sector.

Andy Ward

The state of the world’s biodiversity 
for food and agriculture

Julie Bélanger, Dafydd Pilling, eds, 
2019

Commission on Genetic Resources 
for Food and Agriculture

Food and Agriculture Organization 
of the United Nations, Rome, Italy

Hardback, xli + 529 pages

ISBN 978-92-5-131270-4

Available online at: http://www.fao. 
org/3/CA3129EN/CA3129EN.pdf

This comprehensive report comes at a 
time when the catastrophic decline in 
global biodiversity is ringing alarm bells 
worldwide. Earlier this year we received 
the disconcerting news that 40 percent 
of our insect species are threatened with 
extinction, principally as a result of intensive 
agriculture and urbanisation (Sánchez-Bayo 
& Wyckhuys, 2019). The FAO publication 
analyses reports from, inter alia, 91 countries 
and is equally disconcerting. The analysis 
focusses on the state of biodiversity in the 
food and agriculture sector and its role in 
supporting ecosystem services. Our food 
and agriculture systems depend, almost by 
definition, on the flora, fauna (especially 
insects) and micro-organisms that comprise 
and support them. Biodiversity for food and 
agriculture (BFA) at genetic, species and 
ecosystem levels is what enables farmers, 
livestock keepers, forest dwellers, fishers 
and fish farmers to produce food and fibre 
in a broad spectrum of land- and seascapes. 
BFA includes the domesticated plants and 
animals raised in crop, livestock, forest 
and aquaculture systems, harvested forest 
and aquatic species, the wild relatives of 
domestic species, and other wild species 
harvested for food and other products. 
Supporting these food and agriculture 
systems is what the report calls ‘associated 
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biodiversity’ – the vast array of organisms 
that live in and around food and agriculture 
production systems, sustaining them and 
contributing to their output.

The key findings of the report centre on the 
following five main issues.

Biodiversity is essential to food 
and agriculture. Biodiverse agricultural 
production systems are more resilient to 
stresses – including those resulting from 
climate change. Biodiversity facilitates 
sustainable production increases and 
reduces the need for agrochemicals and 
inorganic fertilisers. Diversification through 
the use of multiple species, the integration of 
production enterprises, and conservation of 
diverse habitats at landscape and seascape 
levels promotes resilience, improves 
livelihoods and supports food security and 
nutrition.

Multiple interacting drivers of 
change are affecting biodiversity 
for food and agriculture. Overarching 
trends such as climate change, market 
globalisation and population increase give 
rise to local drivers such as deforestation, 
urbanisation, erosion and pollution, 
overharvesting and proliferation of invasive 
species. Inappropriate agricultural practices 
combined with the loss and degradation 
of forest and aquatic ecosystems and the 
intensive production of a reduced number 
of species, breeds and varieties are major 
drivers of the loss of BFA and ecosystem 
services.

Biodiversity for food and 
agriculture is declining. The situation 
is that the proportion of livestock breeds 
at risk of extinction is increasing, crop plant 
diversity is declining, and fish stocks, both 
marine and freshwater, are over-exploited. 
Vital species are in decline, including 
pollinators, pest enemies, soil organisms 
and wild food sources. And on top of this 
situation, knowledge gaps are wide and 
increasing, and monitoring programmes are 
universally insufficient.

The use of many biodiversity-
friendly practices is increasing. 
Some good news is that 80 percent of 
the participating countries reported that 
biodiversity-focussed practices are on the 
increase. Although it is encouraging that 
there appears to be an increased realisation 
of the use of management practices to favour 
sustainability and biodiversity conservation, 
this is unlikely to achieve more than a 
reduction in the rate of decline of BFA.

Enabling frameworks for the 
sustainable use and conservation 
of biodiversity for food and 
agriculture	 remain	 insufficient.	
Although most countries have legal, policy 
and institutional frameworks targeting 
sustainable use and conservation of 
biodiversity, generally there is a lack of 
awareness of the importance of BFA. Large 
knowledge gaps and (what are diplomatically 
called) ‘diverging interests’ among 
stakeholders hamper the implementation 

of laws and regulations. Improving the 
management of BFA, including better-
focussed research, calls for multidisciplinary, 
participatory, multistakeholder, cross-
sectoral and international cooperation.

The final chapter of this most comprehensive 
and detailed description and analysis of the 
status of BFA globally looks at what needs to 
be done to secure and enhance its multiple 
roles. Fundamentally, this will require the 
sustainable use and conservation of the 
ecosystems, species and genetic diversity that 
comprise BFA. We have a good grasp of the 
problem, but more knowledge of the roles 
of biodiversity in the ecological processes 
underpinning our food and agricultural 
production systems will always be needed. In 
the meantime, now is the moment for action: 
we have a wide range of possibilities detailed 
in this book, which are in urgent need of 
implementation. The FAO’s Commission on 
Genetic Resources for Food and Agriculture 
has developed global plans for action for the 
conservation of genetic resources – their 
uptake needs to be stepped up and widened 
now, before it’s too late.
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Mailbox
Dear Paul,

The Editors correctly observe in Agriculture for Development 
35 that we need to modify our diets if we are to meet global 
food needs in future.

I should therefore like to bring to the attention of our readers 
that we in TAA East Anglia hosted a seminar on this very 
subject in May 2015. This focussed on opportunities to reduce 
food demand, by Dr Bojana Bazjelj, and a paper by Prof 
Amir Kassam (FAO) and Dr Gottlieb Basch (ECAF) on more 
efficient food supply through conservation agriculture. Bojana 
(Cambridge University) and her team stressed the importance 
of shifting dietary preferences and addressing food waste to 
maintain food security and sustainability.

I would encourage readers to visit the website (https://taa.
org.uk/branches/uk-branch-reports/) and cursor down to 
‘Cambridge Seminar on Food Security, May 2015’, where they 
will be able to download the summary and the two technical 
papers.

The whole issue has again hit the media headlines recently 
(January 2019)!

Yours sincerely

Keith Virgo

Dear Paul and Keith,

My hardcopy of Ag4Dev35 arrived on Saturday, congratulations 
to both of you.

It looks good, clearer print and all colour. Well done for taking 
the decision to use this press, it lifts our journal up a notch: 
“one on the eye is worth—”.

Kind regards,

Charles Howie

TAAF Forum
TAA 2018 Annual General Meeting report
The TAA 2018 AGM was held on Tuesday, 11 November 2018, 
at the Royal Over-Seas League, London.

Chairman: Andrew Bennett

1. Apologies

 Linda Blunt, John Ferguson, Amir Kassam, Andrew Ward

2. Approval of minutes of 2017 AGM held on Wednesday, 13 
December 2017 as presented in Agriculture for Development 
33 (Spring 2018)

  Proposer: John Hansell Seconder: Antony Ellman

3. Matters arising – None

4. Reports from officers

• Chairman and Secretary – Keith Virgo (see below)

• Treasurer – Jim Ellis-Jones (see below)

• TAAF Chairman – Antony Ellman

• TAAF Awardee Presentation – Niall O’Donoghue: ‘Impacts 
of large-scale land investments on forest communities in 
Cameroon’

5. Adoption of audited accounts for the 2017-2018 Financial 
Year

 Proposer: Paul Harding Seconder: Martin Evans

 Reappointment of examiners for the Association – 
Montpelier Professional of Dashwood Square, Newton 
Stewart, Wigtownshire for next financial year.

  Proposer: Benny Dembitzer Seconder: Tim Roberts

https://taa.org.uk/branches/uk-branch-reports/
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6. Ex Co elections

 Jane Guise

 Paul Baronowski

 Proposer: Tim Roberts  Seconder: Antony Ellman

7. AOB

 Remember friends and colleagues who have passed away.

• Nick Foster, 1957-2018

• Mike Carr, 1943-2018

• Michael Harrison, 1925-2016

• Roger Taylor, 1929-2017

• Ian Robinson, 1945-2017

• Henry Gunston, 1942-2018

8. Honours presentations:

• Brian Sims – Award of Merit, “In recognition of 
outstanding contributions, as an author, book reviewer 
and technical editor, to the improvement of the TAA’s 
journal Agriculture for Development”.

• Terry Wiles – Award of Merit, “In recognition of 
organising a successful programme for TAA’s London 
and South-East Branch, including work with the All-
Party Parliamentary Group on Agriculture and Food 
for Development”.

• Madhukesh JB – Young Development Agriculturalist 
2018, non-UK based, “For establishing business 
partnerships for farmers in Karnataka and linking this 
to partners for extension and capacity-building, with 
positive impacts on farmer incomes and livelihoods”.

• Mark Holderness – Development Agriculturalist of 
the Year, “For championing the views of farmers and 
their organisations in placing them at the centre of 
the international research agenda” (Mark’s acceptance 
speech will be published in a later issue of Agriculture for 
Development).

The meeting was followed by a buffet dinner and social.

Elizabeth Warham
General Secretary

Chairman’s 2018 report

Introduction
Welcome to the AGM and our annual reunion. As required by 
the Charity Commission, we have already prepared a report 
on activities and accounts of the TAA over the period July 
2017 to June 2018. This has been available online for all to 
read (https://taa.org.uk/wp-content/uploads/2018/11/2018-
Trustees-Report-final-jej.pdf). The report is to be approved by 
the AGM.

Today, I will briefly review key events since June 2017 and take 
a forward look to 2019. Major activities this year have been to 
build a new website, which I will discuss later, and to evolve 
a new strategy for TAA; Jim will outline financial progress, 
and Antony will update you on TAAF activities. Then David 
will introduce this year’s TAA Honours recipients. The formal 
session will conclude with presentations by our Development 
Agriculturalist of the Year and one of this year’s TAAF awardees. 
We can then relax and enjoy the reunion and supper.

Activities since June 2017
I will now outline recent events under each of the subheadings 
of the Trustees’ Report, starting with the website.

Website. In June 2017, our then web developer (Scott Wilson) 
commenced a revamping of our website. This time last year I 
reported that the new site would be launched ‘early in 2018’. 
However, the site was hacked in January, and Scott advised 
that we needed to develop a new website on a more secure and 
modern platform. He was not able to do this. ExCo therefore 
sought tenders and, in June 2018, selected Cambridge Web 
Solutions’ bid (£8,700+VAT) to design the new site. Progress 

was slower than expected, due to the complexity of the original 
site and the need to redesign and integrate a comprehensive 
membership database that complies with GDPR requirements. 
The new site was launched on 5 November 2018, although 
several improvements to the content and functionality of the 
site remain to be done. Our web developer’s contract included 
six months’ assistance in this additional work, free of charge. 
Our Membership Secretary, Lin Blunt, is now working hard to 
finalise the functionalities of the database, which will hopefully 
make membership operations far simpler in the future. She is 
currently in Nepal and therefore unable to join us today.

Meantime, we would appreciate feedback on the new website 
from members. There is now a ‘contact us’ link on the 
homepage.

Membership. Normally, we would be able to give you a 
summary of our membership numbers. However, because 
of the delays in finalising the new database, we are unable to 
give you an accurate statement but ask for your patience. The 
total membership is around 500 people, including students, 
TAAF members and ‘donor members’, these being individuals 
who have never adjusted their standing orders to meet the 
membership rates in place since 2016. We have some 30 
institutional members, having welcomed Cambridge ‘Global 
Food Security’ and ‘Malawi Fruits’ since June. Sadly, some 
long-term institutional members have resigned (eg DAI-HTS, 
James Hutton, Concern Worldwide).

We welcome Paul Baranowski, who has joined ExCo and is 
looking after our early career membership. We hope that he will 
soon be able to manage these and TAAF elements of the website.

As always, everyone should be on the lookout for potential new 
members – just send an email contact to Lin, and she will do 
the rest! And now it is easy to join directly online.

https://taa.org.uk/wp-content/uploads/2018/11/2018-Trustees-Report-final-jej.pdf
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Networking and information exchange. The South-West 
Branch conference at the Royal Agricultural University in 
mid-October focussed on ‘The food chain in international 
perspective’. This year’s Ralph Melville Memorial Lecture was 
delivered by Elizabeth Warham on ‘Technologies for the future 
farm’, held in collaboration with the All-Party Parliamentary 
Group on Agriculture and Food for Development (APPG-
AFD) at Westminster. The Hugh Bunting Memorial Lecture 
at Reading University in November focussed on ‘Climate risk 
management in sub-Saharan Agriculture’, with talks by three 
specialists: Peter Dorward (PICSA), Rosalind Cornforth (Walker 
Institute) and Olga Speckhardt (Global Insurance Solutions, 
Syngenta Foundation). We set up a pre-lecture visit to the 
Museum of English Rural Life.

UK branches were active, especially the London & South 
East branch, with a series of Curry Club Talks and panel 
discussions with the APPG-AFD. Several events were 
launched in the South-West and East Anglia branches. In 
September, the Chairman and three TAA members arranged 
a meeting in London with Iris Krebber, Head of Agriculture 
at the Department for International Development (DFID), to 
promote the role of agriculture in the sub-Saharan Africa aid 
programme. An outcome was that DFID would invite TAA 
to interact with them at focussed APPG-AFD meetings. Our 
invitations have yet to materialise.

International branches. Jane Guise kindly took over 
coordination of these branches in September. India has been 
active. We are hopeful that a new Kenya Branch will be set up 
soon, with help from Bicton Overseas Agricultural Trust. There 
has also been discussion with Chris Kapembwa over possible 
Zambia and Malawi branches.

TAA’s journal. Agriculture for Development, the ‘flagship’ of 
the TAA, has depended for success on a number of dedicated 
volunteers, coordinated by Paul Harding. From the 2018 
summer edition, ExCo had agreed to progressively outsource 
production to Green Ink, aimed at reducing the editing load 
while maintaining high quality.

TAAF. Antony Ellman will be reviewing progress on the Award 
Fund, and the newly constituted annual workshop.

TAA Honours. David Radcliffe took over responsibility for 
this task, which aims to recognise people who have made 
a significant contribution to agriculture for development. 
We revised the categories to include a ‘Young Development 
Agriculturalist (non-UK based)’. This was awarded to 
Madhukesh from VRUTTI, India. He was planning to attend, 
but his visa application was sadly rejected.

Looking to 2019
Anniversary. The ICTA Association was renamed as the 
Tropical Agriculture Association (UK) in 1979 (https://taa.
org.uk/who-we-are/history-of-taa/). Next year we therefore 
celebrate our 40th anniversary. We seek ideas on what we 
should do to celebrate.

Future events. We plan to hold our 2019 Ralph Melville Memorial 
Lecture again at the Houses of Parliament, in collaboration with 
the APPG F&AD. The South-West Branch has an interesting 
range of talks set for their AGM in Exeter on 3 January, a tour 

of the Cotswolds in July and the annual conference at Royal 
Agricultural University Cirencester in October. East Anglia has 
a visit to a major soft-fruit enterprise near Kings Lynn (10 April) 
and a seminar on ‘What can agriculture offer to biodiversity 
conservation?’ (15 May, Cambridge). London & South-East are 
planning more Curry Club Talks and sessions with the APPG. 
Please check the ‘Events’ web pages.

Future strategy. Last year’s membership questionnaire survey 
concluded that, in general, we should seek to improve what 
we already do well. The March ExCo meeting was devoted to 
moderated discussion on a future strategy. The outcome was 
a focus on six Task Groups:

1. Overseas Groups – increase overseas membership, but how?

2. Career Support – bring together initiatives on careers 
(under one page on the website)

3. Honours, Accreditation – address professional qualifications 
and recognition of TAA members

4. Communications and Publicity – raise TAA brand awareness, 
communications strategy, use of website

5. Institutional/Corporate Membership – build relations and 
organise joint events

6. Governance – update membership software, events, 
database, upgrade website.

Many actions have been addressed, such as the website and 
outsourcing the journal. Public relations needs attention, 
and we must tackle membership issues, possibly through 
free ‘Introductory Members’, who would receive just email 
news alerts that may encourage them to join properly. We 
are looking at the possibility of a simple newsletter, to run 
in parallel with the technical journal. We are also seeking to 
develop the roles of international branches. At ExCo we have 
narrowed down the future strategy to four options, ranging 
from expansion to amalgamation or winding down.

Future governance. TAA relies on volunteers on ExCo to 
manage the Association. For this we need new ideas and 
younger blood, so I am delighted to announce that Paul 
Baranowski and Jane Guise were enrolled today onto ExCo. 
However, a source of concern is that several trustees and key 
ExCo Officers have intimated a desire to stand down over the 
next year. If you wish TAA to survive, we need everyone to 
think seriously about volunteering for ExCo.

Acknowledgements. I would ask the membership to join me 
in expressing grateful thanks to our hard-working volunteer 
members of the ExCo team. We must also thank the TAAF 
committee, convenors of the UK regional branches and 
organisers of our overseas branches. We also thank the many 
members who have contributed ideas, posted news in Ag4Dev 
and participated in the Association’s activities throughout the 
year.

Executive Committee members

President: Andrew Bennett

Chairman: Keith Virgo

Vice Chairman: Paul Harding

https://taa.org.uk/who-we-are/history-of-taa/
https://taa.org.uk/who-we-are/history-of-taa/
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General Secretary: Elizabeth Warham

Treasurer: Jim Ellis-Jones

Membership Secretary: Linda Blunt

Coordinating Editor: Paul Harding

Technical Editors: Brian Sims and Elizabeth Warham

Award Fund Chairman: Antony Ellman

Institutional Members: Martin Evans

Website Manager: Keith Virgo

Honours Panel Chair: Paul Harding

East Anglia: Keith Virgo

London and South-East: Terry Wiles

North of England: John Gowing

Scotland: John Ferguson

South-West: Tim Roberts

Agribusiness Group: vacant

Land Husbandry Group: Amir Kassam

Environmental Conservation: Keith Virgo

Early Career members: Paul Baranowski

International Branch Coordinator: Jane Guise

Ex-officio members

TAA India: Girish Bhardwaj

TAA Caribbean: Bruce Lauckner

TAA SE Asia: Wyn Ellis

TAA South Pacific: Ravi Joshi

TAA Zambia: Chris Kapembw

Keith Virgo
TAA Chairman

Treasurer’s 2018 annual report and 
accounts

TAA’s 2018 annual accounts (1 July 2017 to 30 June 2018), 
finalised by our external accountants, Montpelier Professional 
Limited, were presented and approved at the AGM on the 
11 December 2018 (see below). These are submitted each year 
to the Charity Commission together with the Trustees report 
and can be viewed on https://taa.org.uk/who-we-are/financial-
reports. Key points include the following.

Income
Total receipts were £34,350, a decrease from those in 2017, 
largely due to reduced donations. Income included:

• subscription income of £22,837, a small increase from 2017;

• donations for the Award Fund amounting to £7,370 and a 
further unrestricted donation of £500 – all donations are 
greatly appreciated, and thank you to the donors;

• a tax rebate of £2,630, received from the Inland Revenue for 
‘Gift Aided’ subscriptions and donations, slightly less than 
in 2017;

• other income included £900 from events, £93 interest and 
£20 miscellaneous items.

Expenditure
Total expenditure in 2018 was £37,358, of which 93 percent was 
charitable and 7 percent for governance and administration. 
In both cases this was slightly greater than in 2017 and 
comprised:

• TAA’s journal Agriculture for Development costs of £11,674 
for three publications;

• 11 awards made by the Award Fund amounting to £11,100;

• a further £2,000 invested with LendwithCARE (LWC) 
for micro-loans to small entrepreneurs (individual and 
groups) in the agriculture sector: together with recycled 
loan repayments, this has funded 656 loans (details can 
be viewed at: https://www.lendwithcare.org/groups/profile/
tropical_agriculture_association) amounting to £32,917, 
made through microfinance institutions monitored by LWC 
across 10 countries; this has supported 3,681 individuals, 
11,565 family members and 2,174 jobs;

• other charitable expenditure included £3,507 for events, 
£5,935 for ongoing maintenance and development of a 
new website due to be completed in 2019, and £500 for the 
All Party Parliamentary Group on Agriculture and Food for 
Development;

• governance costs amounted to £2,542, slightly more than 
that in 2017.

Funds available
A deficit of income over expenditure of £3,008 was experienced, 
this being considerably less than originally budgeted due to 
donations, which, although less than in 2017, were higher 
than expected. The deficit compares with a surplus of £5,242 
in 2017. The total funds available at the end of June were 
£61,302, of which £28,860 is restricted for TAAF and £32,442 
unrestricted.

Looking forward
A deficit of £16,000 has been budgeted for 2018, with additional 
expenditure being incurred through the appointment of a 
professional science publisher (Green Ink) to assist with 
editing, printing and distributing Ag4Dev; and finalisation and 
launching of the new website.

https://taa.org.uk/who-we-are/financial-reports/
https://taa.org.uk/who-we-are/financial-reports/
https://www.lendwithcare.org/groups/profile/tropical_agriculture_association
https://www.lendwithcare.org/groups/profile/tropical_agriculture_association
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TAA accounts July 2017 to June 2018

 2018 2017 Change

Income

Subscriptions

Award Fund donations

Other donations

Functions

Inland Revenue

Bank interest

Miscellaneous

£22,837

£7,370

£500

£900

£2,630

£93

£20

£22,538

£13,404

£0

£688

£2,818

£17

£53

£299

-£6,034

£500

£212

-£188

£76

-£33

Total receipts £34,350 £39,518 -£5,168

Expenditure

Charitable 

Journal

Shows and functions

Regional subventions

Biology Society

LendwithCARE

Award fund and expenses

UK Forum for All-Party Parliamentary Group

Internet/web costs

£11,674

£3,507

£100

£0

£2,000

£11,100

£500

£5,935

£11,686

£2,272

£205

£260

£2,000

£14,500

£500

£605

-£12

£1,235

-£105

-£260

–

-£3,400

–

£5,330

Subtotal £34,816 £32,028 £2,788

Governance

Insurance

Accounting services

Executive Committee

Admin

£581

£360

£1,363

£238

£462

£396

£1,374

£15

£119

-£36

-£11

£223

Subtotal £2,542 £2,247 £295

Total expenditure £37,358 £34,275 £507

Excess of receipts over payments -£3,008 £5,242 -£8,250

Bank balance

Opening balance

Movement in the year

Closing balance

Liabilities 

Total funds

£64,010

-£3,008

£61,302

-£300

£61,002

£59,068

£5,242

£64,310

-£300

£64,010

-£3,008

-£3,008

Jim Ellis-Jones
Treasurer
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TAA 2018 honours
TAA Honours for 2018 were announced at the AGM. The 
awards for 2018 included the new category of Overseas-based 
Young Development Agriculturalist.

The 2018 Development Agriculturalist honour
The 2018 Development Agriculturalist was awarded to Dr Mark 
Holderness (Figure 1), who is currently Executive Secretary 
of the Global Forum for Agricultural Research (GFAR). Mark 
was nominated by Keith Virgo and seconded by Paul Harding. 
Mark has had a distinguished and diverse career, initially 
in plant pathology research in Papua New Guinea and then 
with CAB International as an adviser and manager; and later 
as Director of Agriculture and Director of Membership and 
Partnerships. In his post at GFAR, which he has held since 
2008, he has expanded the reach of the organisation to small-
scale farmers and NGOs across the tropical world, through a 
‘collective action approach’. This has catalysed and facilitated 
change in agricultural innovation and research systems among 
a wide range of implementing bodies at national, regional and 
international levels and in the public, private and civil sectors. 
Mark played a key role in recent reforms of the CGIAR system, 
consistently championing the need to place the views of farmers 
and their organisations at the centre of the research agenda.

Figure 1. TAA President, Dr Andrew Bennett (left), presents Dr Mark Hol-
derness with the 2018 Development Agriculturalist honour (Photo: Jim 
 Ellis-Jones)

Mark’s management skills have contributed significantly to 
enabling GFAR to make research and innovation in agriculture 
and food more effective, responsive and equitable, towards 
achieving sustainable development. During his tenure, 
GFAR has revised its strategy and adopted a new Charter, as 
well as leading new initiatives on global foresight, gender in 
agriculture and the rights of smallholder farmers.

Mark has been a member of TAA for many years and is a 
former member of ExCo. In 2012, he delivered the TAA Ralph 
Melville Memorial Lecture on ‘Shaping the future together: 
transforming agricultural research for development’. Mark’s 
acceptance speech will be published in a later issue of 
Agriculture for Development.

Young Development Agriculturalist honours
There were no nominees in 2018 for the UK-based Young 
Development Agriculturalist (YDA), but the new Overseas-
based honour award was awarded to Madhukesh JB. Madukesh 
works for the NGO VRUTTI and was awarded the honour in 
recognition of his work in establishing business partnerships 
for smallholder farmers in Bagepalli district of Karnataka state, 
India. These partnerships improved access to services such 
as extension, capacity-building and rural finance, yielding 
positive impacts on farmer incomes and livelihoods. VRUTTI 
is an institutional member of the TAA, and Madhukesh was 
nominated by Pramel Gupta and seconded by Balakrishnan 
S. Madhukesh had planned to travel to London to receive his 
award in person, but due to difficulties in obtaining a visa he 
received his award in absentia.

Award of Merit

Figure 2. TAA President, Dr Andrew Bennett (left) presents Terry Wiles with 
the Award of Merit honour (Photo: Jim Ellis-Jones)

Two TAA members received Awards of Merit: Terry Wiles was 
nominated by Martin Evans and seconded by Keith Virgo for 
organising a full and successful programme of meetings for the 
TAA London and South-East Branch, including the innovative 
Curry Club series of talks, and for supporting the link between 
TAA and the All-Party Parliamentary Group on Agriculture and 
Food for Development. Terry was present at the AGM to receive 
his award (Figure 2). Brian Sims, who received his award in 
absentia, was proposed by Paul Harding and seconded by 
Jim Ellis-Jones for his very substantive contributions to the 
TAA journal Agriculture for Development as technical editor, 
author and reviewer.

David Radcliffe
Chair, Honours Panel
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Publications and Communications (P&C) 
Committee update

1. Agriculture for Development

Ag4Dev36 – a special issue on the cold chain in 
agriculture in developing countries

We are very grateful to Professor Toby Peters of Birmingham 
University for guest editing this special issue on ‘The cold chain 
in agriculture in developing countries’, and to his colleagues 
who have contributed so willingly to this special issue. It has 
brought a poorly understood, but critically important, issue to 
the attention of our readers.

Ag4Dev37 – a 40th anniversary special issue, or 
an open issue

The Summer 2019 issue will be a special issue celebrating 
the 40th anniversary of the TAA – provided enough material 
is received from members. An appeal for material appears 
below, and has been circulated to members as an email alert. 
If insufficient material for a special issue is received, it will be 
an open issue.

AgDev38 – a special issue on agribusiness 
incubation, or an open issue

The Winter 2019 issue was planned to be a special issue 
on ‘Invasive species’, with Ravi Joshi as the guest editor. 

Unfortunately, Ravi has not been well, and has requested that 
this special issue be postponed. One option being pursued is 
to bring forward the planned Summer 2020 special issue on 
‘Agribusiness incubation’, guest edited by Ralph Kaufmann, 
failing which, it will be an open issue.

2. A new design for Agriculture for 
Development

Our new printers (Green Ink), and the P&C Committee 
members, have been working on possible new designs for the 
journal. A preferred design has been agreed, but this will not be 
implemented until a new Editor-in-Chief has been identified.

3. Retirement of the Editor-in-Chief
The current Editor-in-Chief, Paul Harding, is planning to retire 
at the end of the year. An invitation for a volunteer to succeed 
him is presented below, and has been circulated to members 
as an email alert.

Paul Harding
Chair, P&C Committee

Special issue of Agriculture for Development to 
celebrate TAA’s 40th anniversary
This year, 2019, is the 40th anniversary of the establishment 
of the Tropical Agriculture Association (TAA). To celebrate this 
anniversary of our Association, a number of special events are 
being planned, including the Ralph Melville Memorial Lecture 
on 11 June, entitled ‘Clean cold chains – the glaring omission 
from the global development and climate debates’, presented by 
Professor Toby Peters and hosted by the All Party Parliamentary 
Group for Food and Agriculture for Development in the Palace 
of Westminster. We are also planning a special workshop for 
our Institutional Members, and a number of regional events.

One idea is to dedicate Ag4Dev37, the summer 2019 issue, 
to celebrating the anniversary. However, this will depend on 
a sufficient number of members providing contributions and 
volunteering to prepare the suggested articles. Possible articles 
could include:

• an updated history of the TAA (building on the version 
prepared by Elizabeth Warham and Jim Watson a few years 
ago);

• a celebration of the achievements of selected deceased 
members of the TAA;

• highlights from the journal during the last 40 years;

• a current view of the 1987 TAA publication Tropical 
agriculturalists: future prospects;

• reminiscences of the early years of the TAA.

Other ideas would be welcome.

Any members with ideas, reminiscences or willing to draft 
any of the above articles, should contact the Editor-in-Chief 
(editor_in_chief@taa.org.uk) as soon as possible. The success 
of this special celebratory issue of the journal will depend 
entirely on the written material and editorial support of 
volunteers from the TAA membership.
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Editor-in-Chief, Agriculture for Development
With the planned retirement of the current Editor-in-Chief, Dr 
Paul Harding, at the end of 2019, an opportunity has arisen for a 
new volunteer Editor-in-Chief of Agriculture for Development, 
the journal of the Tropical Agriculture Association.

Since he became Coordinating Editor/Editor-in-Chief in 
2012, Paul and his team of technical editors have continued 
to improve the quality and impact of each issue of the 
journal. Each issue now contains about 80 pages, including 
an editorial, 5-7 full articles, 2-3 News from the Field items, 
and 2-3 Newsflashes, as well as regular TAA features such 
as Bookstack (book reviews), Mailbox (letters to the editor), 
International Agricultural Research News, TAA Forum, News 
from the Regions, Institutional Members’ Page, TAAF News, 
Obituaries, and Upcoming Events. Alternate issues are special 
issues on relevant themes, each usually compiled with the help 
of an international expert as guest editor.

A recently negotiated contract with Green Ink (https://www.
greenink.co.uk/) has considerably reduced the workload of the 
Editor-in-Chief and the technical editors, and has resulted in a 
full-colour journal. Arrangements are also in place to launch an 
exciting new design for the journal. Green Ink now undertakes 
the copy-editing, lays out the proofs, undertakes much of the 
proofreading, and prints, binds and distributes the journal.

The role of the volunteer Editor-in-Chief is now to:

• plan the outline contents of the next three or four issues 
ahead;

• encourage and commission articles and other contributions 
(in collaboration with guest editors);

• receive contributions for the journal;

• contribute to, and coordinate, their technical review by the 
technical editors;

• interact with Green Ink;

• contribute to and coordinate the final proofreading; and

• provide Green Ink with mailing lists and details of multiple-
copy recipients.

The Editor-in-Chief also chairs the (virtual) Publications 
and Communications Committee, and is a member of the 
Executive Committee (which meets three or four times a year).

Members interested in taking on this important role should 
contact the current Editor-in-Chief (editor_in_chief@taa.org.
uk) in the first instance.

TAAF News
Summaries of reports by the remaining five students who 
received TAAF awards for their MSc dissertation research in 
April 2018 are included in this issue of the journal, following six 
summary reports which were published in the previous issue.

A one-day workshop bringing together recently returned 
TAAF awardees, their mentors and TAA members with 
relevant experience was held at University College London 
on 9 November 2018. Some UCL students and staff members 
also took part. The objective was to enable the awardees to 
compare their fieldwork experiences, and to discuss future 
career opportunities with experienced TAA members.

The awardees presented posters of their research, on topics 
including oil palm in smallholder agroforestry systems in Brazil 
(see Figure 1), the impact of climate change adaptation on local 
communities in Mongolia, and determinants of declining levels 
of tobacco production in Malawi. The presentations sparked 
interesting discussions and provided a good opportunity for 
reflecting on research processes and outcomes.

A subsequent careers advisory session covered employment 
opportunities in consultancy, government, NGOs, start-up 
enterprises and academia. This proved, in the words of one of 
the awardees, “very motivating and inspirational”.

Figure 1. TAAF awardee Abi giving a poster presentation at the UCL work-
shop (Photo: Abi Beath)

The participants were very positive about TAA and TAAF: all 
said that they want to continue their association with TAA 
and with each other. To try to ensure that this happens, an 
online Slack Channel has been established, periodic meetups 
in London are proposed, and it is intended to repeat the 
workshop as an annual event.

https://www.greenink.co.uk/
https://www.greenink.co.uk/
mailto:editor_in_chief@taa.org.uk
mailto:editor_in_chief@taa.org.uk
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A call for applications for 2019 awards has been circulated 
to participating universities, and the selection of awardees 
will be conducted in April. We hope to receive as many 
good proposals as in previous years, and to have sufficient 
funds to support those that meet our exacting standards. 

Donations from TAA members that allow this to happen 
are greatly appreciated: we hope that they will continue to 
flow in!

Antony Ellman and James Alden

Fariyal Rohail, MSc Climate 
Change and International 
Development, University of East 
Anglia

Exploring the evidence of water-energy-food 
nexus linkages to sustainable local livelihoods 
and well-being in South Africa (Nexus)

I undertook a Development Work Placement (DWP) of 
11 weeks at the African Climate and Development Initiative 
(ACDI) based at the University of Cape Town, South Africa. 
I took the DWP as an opportunity to apply the theoretical 
knowledge that I gained during the taught component of my 
degree in a practical setup, and to develop necessary skills 
in a transdisciplinary research space from the development-
climate change interface.

I joined ACDI as an intern, and my placement was based 
on the ACDI project ‘Exploring the evidence of water-
energy-food nexus linkages to sustainable local livelihoods 
and well-being in South Africa (Nexus)’. In addition, I  
worked with different project teams at ACDI and contributed 
to four projects in total. The other three projects were:  
Fifth International Adaptation Futures Conference 2018; 
Online Course on Adaptation to Climate Change in Africa; 
and Lesotho Agriculture and Climate Change research 
project.

Figure 2. Mfesane Youth Café, the entry point to the the Velddrif com-
munity (Photo: Fariyal Rohail)

During my placement, the Nexus project was in its Work 
Package 3 (WP3): youth and community empowerment. 
The aim of WP3 was to trial a process of involving and  
up-skilling local youth together with their communities, 
thus empowering them to better understand how the nexus 
impacts their well-being, financial outcomes and economic 
opportunities. As part of ACDI’s Nexus team, I contributed to 
WP3, and my work was divided into three broad categories: (1) 
in collaboration with the two research partners, the University 
of Fort Hare and University of KwaZulu-Natal, I took part in 
designing the questionnaire of the study; (2) I undertook initial 
dialogues with the communities and successfully built the 
partnerships with local youth organisations in the Berg River 
catchment area, particularly Velddrif and Lanquedoc/Peniel – 
the two study sites in Western Cape; and (3) I ran the youth 
recruitment process and developed the training material for 
the youth capacity-building component of the Nexus project.

At ACDI, some of my prominent contributions were: the 
assessment material for three modules of the online course 
on ‘Climate adaptation in Africa’: (1) climate change and 
food security, (2) cities and the urban environment, and 
(3) planning for climate change; successfully organised the 
Masterclasses programme (the final day of the Adaptation 
Futures Conference); the training material for Lesotho farmers 
and government extension workers to create awareness among 
them on climate change hazards and its impacts on agriculture 
and food security in a Lesotho national context; and the 
training material for youth development, and built partnerships 
with communities and organisations in the Nexus study sites.

Figure 3. Lanquedoc and Peniel settlements in Cape Winelands District 
(Photo: Fariyal Rohail)
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I believe my DWP experience was beneficial both for ACDI 
and myself. I had an opportunity to work with prominent 
scientists in the climate change and development domain, 
and to contribute to some of ACDI’s current projects. As a 
result of these ACDI interventions, I strongly believe that 
the youth and community members on the Nexus project, 
and the participants of Lesotho project and online course, 
will significantly benefit. I had a rich learning experience 
both in my professional and personal capacities. Such 
as having a hands-on experience of the research process 
including designing research methodology, participation 
and negotiations. Through this experience, I have improved 

some of my personal skills such as multitasking, decision-
making and overcoming barriers in uncertain circumstances. 
I also enjoyed the cultural exchange component of this 
international placement.

I am extremely thankful to my school for offering such an 
amazing and practical module on this course, and to the ACDI 
for a warm welcome and hosting me for three months. Last 
but not least, I am grateful to TAAF for making it happen for 
me, because without their immense support and generosity 
it would not have been possible for me to undertake the DWP 
in South Africa.

Abi Beath, MSc Agroforestry, 
Bangor University

Is uptake of organic oil palm agroforestry 
a viable option for smallholder farmers in 
northern Brazil?

Cultivation of oil palm (Elaeis guineensis) is starting to 
expand into the north-east Amazon of Brazil, concentrated 
in Pará state. Growing oil palm contributes to the livelihoods 
of some Brazilian farmers; however, a more environmentally 
sustainable method of cultivation is desirable in order to 
maintain soil carbon stocks, nutrient cycling and both floral 
and faunal biodiversity under oil palm plantations.

The SAFDendê project is the first in the world to trial oil 
palm cultivation in organic agroforestry systems (AFSs) 
with a commercial focus. My research was a scoping study 
to investigate the true viability of growing oil palm in this 
way. Local knowledge was collected through semi-structured 
interviews and other participatory research methods such as 
focus groups, timeline and mapping exercises. The local AFS 
of Tomé Açu of Brazil’s Pará state was characterised, and oil 
palm tree attributes were studied to gauge its capacity to be 
incorporated into this system.

Figure 4. Abi in a project demonstration unit with cacao interplanted with 
oil palm (Photo: Abi Beath)

A typical AFS specific to Tomé Açu known as the ‘SAFTA’ 
(Sistema Agroflorestal de Tomé Açu) was observed on 23 
of the 24 farms visited. This sequential system starts with 
black pepper and/or passion fruit accompanied by annual 
crops, with cacao, banana, palms and native forest species 
included from the third year, remaining for up to 30-40 years. 
Oil palm fits into the SAFTA with two major limitations: it 
is competitive for light so is not compatible with a higher 
stratum of forest trees; and it requires considerable space for 
harvesting, leaving areas of oil palm SAFTA considerably less 
species rich than conventional SAFTA.

The way farmers have worked around this is to plant rows 
of oil palm with an understory of cacao alternating with 
sections of conventional SAFTA, which is a system with 
fewer oil palm trees per hectare than monoculture. With the 
current local market price for oil palm, only large-scale, high-
quantity production is a viable livelihood option for farmers. 
However, there is great potential for the development of a 
differentiated market for sustainably grown palm oil which 
would make this diversified method of growing a more viable 
option, and would make this crop accessible for farmers with 
smaller farms.

Personally, this was a valuable experience of conducting 
research in a challenging foreign environment, and hugely 
contributed to my development as a scientist. Carrying 
out this research has re-emphasised the importance of 
focussing on local stakeholders’ livelihoods when designing 
and developing projects that involve the adoption of a new 
agricultural technology. I believe my work has benefitted this 
community of farmers, as it highlights questions about the 
likelihood of this technology being adopted on a large scale. 
I hope it may spark more thorough, in-depth research to 
determine fully whether this is a viable investment for small-
scale farmers.

I am extremely grateful to TAAF and the Wye Agricola Club, as 
well of course as to my Bangor supervisors, for the financial 
and professional support without which this research would 
not have been possible.
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Niamh Thorne, MSc Marine 
Environment Consultancy, 
Newcastle University

The effect of algal dominance on the structural 
complexity and fish species composition of 
coral reefs, North Malé Atoll, Maldives

In recent decades, reef degradation as a result of both natural 
(climate change and increased frequency of disturbance events) 
and anthropogenic (nutrient overloading and overfishing of 
herbivorous fish) stressors has led to a decline in live coral 
cover, resulting in a lasting proliferation of algae. In 2016, the 
Maldives was subject to one of the largest mass bleaching events 
to take place since 1998 as a result of sea surface temperature 
anomalies attributed to the 2015-2016 El Niño event. Reef 
monitoring assessments need to take on a multi-metric 
approach, using a range of single indicator variables and indices 
to assess the trends and patterns between interrelated variables 
within an ecosystem. The following ecological monitoring of 
coral reefs utilises repeated surveys of identified trends and 
patterns over an extended period of time to assess the status 
and health of a given reef system and the effectiveness of any 
potential management strategies that are in place.

This project adopted a novel approach to the monitoring of 
current reef status within the house reef of Vabbinfaru in the 
North Malé Atoll by focussing on the three-way relationship 
between the corals, the fish assemblage and the benthos 
within the reef system. The overall aim of the project was to 
evaluate the relationship between algal dominance and fish 
refuge availability within coral reef habitats, and to assess the 
subsequent link between refuge availability and fish species 
composition and abundance. From analysis of the data 
collected, this study suggests that there may be a more complex 
link between the type of algae present and structural complexity, 
which, by proxy, influences refuge availability at different depths 
around the island. Weak linear correlations between algal cover 
and the abundance of fish functional groups were determined 
from principal component analysis, highlighting that the type 
and amount of algal cover can and does contribute to shaping 
the fish community structure around the reef; however, in this 
case, algal cover appears not to be the main driving factor.

Figure 5. Vabbinfaru island in the North Malé Atoll

The opportunity afforded to me by conducting this project 
has given me a greater appreciation of the fragility of these 
ecosystems, and the importance they hold from scientific, 
socio-economic and cultural standpoints within tropical and 
subtropical countries. The very existence of the Maldives, 
whose culture and local population rely on the health of coral 
reefs, is threatened by the continued degradation of these 
natural resources as a direct result of anthropogenic stressors. 
This project has taught me that ecological monitoring in 
cases like this is essential, not only for the preservation of 
the diversity and productivity that these systems provide, but 
also for the countries and people that rely on the reefs to 
survive. This was a fantastic opportunity for me to explore 
a new part of the world, develop my skills, as well as learn 
completely new ones. Throughout my time in the Maldives, 
I made several new lifelong friends, learned all about a new 
culture and invigorated my passion for SCUBA diving and 
the ocean, only solidifying my ambition of pursuing a career 
in marine biology.

Although few direct conclusions could be drawn from this 
study, it did highlight that there is a complex link between 
the type of algae present and structural complexity and, as 
a result, fish refuge availability. By conducting these tests, 
this study has added great value to the continued monitoring 
efforts carried out by Banyan Tree Marine Lab, proving that 
the area is slowly recovering and that algal dominance is 
unlikely to persist. The experience has also added to my 
understanding of experimental design, data collection and 
data handling-ultimately providing me with invaluable 
experience that will be essential for any of my future 
endeavours.

Figure 6. Diving on the Vabbinfaru house reef (Photo: Niamh Thorne)
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Gabriele Warwick, MSc 
Anthropology, Environment and 
Development, University College 
London

Creating sustainable worlds: the experience of 
agroecology as a transition movement in Acre, 
Brazil

In the last 20 years, around 20 percent of the Brazilian 
Amazon has been deforested to make way for industrial 
agriculture and intensive cattle farming, both of which have 
been heavily incentivised by the Brazilian Government’s 
‘modernisation’ programme. This has led not just to 
dramatic environmental damage but also social devastation. 
The modernisation of agriculture is leading to a mass rural-
urban exodus which is causing an increase in poverty and 
crime in urban areas. In response, agroecology – both a set 
of agricultural practices based on ecological principals, and a 
social movement that champions food sovereignty and social 
justice – has been spreading throughout the Amazon with the 
aim of building an environmentally and socially just future 
for a rural population that has typically been marginalised by 
the modernisation process.

I used participant-observation methods to conduct a 
research project in Acre, a small state in the south-western 
Brazilian Amazon. I investigated what has led smallholders 
to abandon the use of purchased agrochemicals and adopt 
environmentally sustainable agroecological practices. One of 
the key findings was that extant infrastructural and political 
institutions provided a significant barrier to the adoption of 
agroecology. For example, incomplete land reform and the 
lack of investment to support smallholder farmers have led to 
high levels of uncertainty over farmers’ futures, meaning that 
farmers are much less likely to adopt agroecological practices 
such as agroforestry systems which tend to pay off in the 
longer term rather than in the immediate future.

Figure 7. Example of agroecological farm in Moreno Maia, intercropping 
fruit trees, banana plants, maize and cassava (Photo: Gabriele Warwick)

However, one of the strengths of the agroecological 
movement is that it doesn’t just focus on agroecological 
practices, but takes a holistic approach to agriculture by 
taking a food-system approach. In my field site, an organic 

market was established which provided a stronger incentive 
for farmers to make agroecological transitions. Also a 
participatory education programme was implemented which 
led farmers to understand the importance of sustainability 
and healthy eating. The establishment of an organic market 
combined with an empowering educative programme 
incentivised a number of farmers to adopt agroecological 
practices.

The opportunity to conduct independent research was highly 
formative. In particular, I learnt the importance of prioritising 
building strong relationships in order to both conduct ethical 
fieldwork and collect reliable data. Conducting fieldwork over 
a longer period of time and conducting most of my research 
using the method of ‘informal conversation’ allowed me to 
collect more nuanced and complex information than would 
have been possible by subjugating complex and sensitive 
realities to inflexible methods.

Throughout the research, I was fortunate not just to develop 
my fieldwork skills and learn about local issues around 
agriculture and conservation, but also to develop some 
wonderful friendships which will stay with me forever. I was 
shown incredible hospitability by my research participants 
who opened up their hearts and homes to me. This research 
experience has given me hope that a sustainable future is 
possible through the inspiration of dozens of farmers and 
agroecologists who are providing real-world examples that 
it is possible to integrate agriculture sustainably within 
ecosystems whilst fighting for social justice and providing 
food for the local region. It has given me the motivation 
not just to research but also to campaign for the rights of 
smallholders and for the rights of this planet that we call our 
home.

I am extremely grateful to the Tropical Agriculture 
Association and the Wye Agricola Club, as well of course as 
to my UCL supervisors, for their financial and professional 
support, without which this research would not have been 
possible.

Figure 8. Harvesting rocket for the organic market (Photo: Gabriele 
Warwick)
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Rowan Davis, MSc Biodiversity, 
Conservation and Management, 
University of Oxford

Impact of climate change adaptation schemes 
on local communities, Mongolia

Ecosystem-based adaptation (EbA) is an emerging 
assemblage within the climate change adaptation discourse. 
It is defined in the Convention on Biological Diversity as the 
use of “biodiversity and ecosystem services in an overall 
adaptation strategy … to provide services that help people 
adapt to the adverse effects of climate change” (CBD, 2009) 
and is present in over two thirds of Nationally Determined 
Contributions to the Paris Agreement. I investigated how this 
new technology of governance is mobilised within Mongolia 
in an internationally funded, locally driven United Nations 
Development Programme (UNDP) development project, 
‘Ecosystem based adaptation approach to maintaining 
water security in critical water catchments in Mongolia’. 
The principle areas of focus for this project are the Altai 
mountains and Great Lakes depression eco-region and the 
Eastern Steppe eco-region.

I performed a textual analysis of the climate change adaptation 
framework on which the project was built, using evaluation 
documents, magazines advertising the project, and analysis 
of semi-structured interviews with project staff and other 
NGOs. I used a discourse-analysis approach, expanding on 
Foucault’s work with governmentality and more recent work 
on environmentality by adding in Massumi’s (2015) theory 
of ontopower. This was significantly different from the 
methodology I had initially proposed, which was to focus on 
site visits and semi-structured interviews. Due to unforeseen 
health difficulties this approach proved not to be possible.

The specific conclusions of the research were that:

1. EbA acts as a vehicle for different eco-governmentalities. I 
noted a broad tension between biopolitics and ontopolitics 

in discussions around the EbA project, because of the 
way it simultaneously mobilises a broadly preservationist 
approach, and the more pre-emptive approach of climate 
change development initiatives;

2. the extra-state governmental rationalities of this 
technology both reinforce and come up against the 
spatial structure of the Mongolian state – the Mongolian 
state has ceded much sovereign power to the UNDP, but at 
the same time retains ultimate control of Protected Area 
gazettement; and

3. the cosmopolitical character of Mongolian eco-politics 
prioritised a locally driven operationalisation of the 
project, but this was largely ignored in international-facing 
documents that focussed on upscaling and repeatability – 
I suggest this elides the complex socio-natural specifics 
and undermines a recognition of nonhuman autonomy.

My aim was not to provide the Mongolian teams with ‘advice’ 
on how to conduct their own work, but rather to investigate 
how a discourse that has emerged from an international 
setting plays out on a more regional scale. It therefore 
contributes to the broader political ecology literature, and 
is (as far as I am aware) the first piece of explicit political 
ecology work to be conducted on ecosystem-based adaptation 
to climate change.

In terms of my own career progression, this award has 
allowed me to conduct international research, and I am now 
working at the University of Sussex as a research assistant. 
It has given me the theoretical skills to plan out my future 
doctoral study.

I would like to thank the Tropical Agriculture Association 
from the bottom of my heart not only for this generous 
award, but also for the kindness and understanding that 
members have shown me.

Reference
Massumi B, 2015. Ontopower: war, powers and the state of perception. 
Durham, NC: Duke University Press.
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Obituary
Peter Hotson Le Mare 
1922-2018

[Also published in full on the 
British Society of Soil Science 
website, and a shortened 
version in The Auger]

Peter was born on 18 
November 1922 in Prescot, 
the oldest son of Ernest and 
Helen Le Mare. He grew up in 
St Helens where his father was 

a chemical engineer with Pilkington Glass and his mother a 
theatre nurse. His father’s experiences in WWI convinced him 
to join the Society of Friends and thus both his sons attended 
the Friends’ School in Saffron Walden from which Peter went 
to Leighton Park School, Reading for his sixth form.

In his last years at school, Peter became interested in 
agricultural research. As his father had known John Russell 
when he was a student at Owens College, Victoria University in 
Manchester, he asked Russell (by then Director of Rothamsted 
Experimental Station) for advice on how Peter should proceed. 
Russell advised taking a pure science degree and “picking up 
the agriculture later”. He also suggested that Peter should 
spend a summer holiday as a voluntary worker at Rothamsted, 
which he did immediately after leaving school.

In October 1941, Peter started to read Botany at Manchester. 
He was more interested in chemistry, but lacked sufficient 
background in mathematics. His time at Manchester lasted 
three months. As a Quaker, he had registered as a conscientious 
objector, but the Tribunal would only excuse military service if 
he worked “the whole time on the land”. Peter then wrote to 
John Russell to ask if he could work at Rothamsted, hoping for 
a job on the farm. This was granted and Peter went in February 
1942, not as a farm labourer but to the Chemistry Department 
where he had spent the previous summer.

In the spring and autumn months, he was assigned as an 
assistant to Dr A.H. Bunting, conducting field experiments 
on bulky organic manures, mostly from sewage works in 
northern England. In the summer months, he assisted with 
pot experiments (mainly as an X-ray crystallographer) on 
alternatives to superphosphate (because sulphuric acid for its 
manufacture was in short supply) under Gunter Nagelschmidt. 
In the winter, he analysed experimental data, so gaining an 
insight into statistics, for E.M. Crowther. Crowther encouraged 
him to enrol at Birkbeck College to study part-time for a 
degree, so in October 1943 he enrolled to study Chemistry and 
Pure Mathematics.

In February 1945, he took a position at ICI’s Jealott’s 
Hill Research Station, where he initially worked on field 
experiments in various parts of the country, but then switched 
to lab assistant to A.H. Low studying soil structure, as this 
made it easier to continue his Birkbeck degree studies.

In September 1946, he married Joy Smallwood, a horticultural 
research assistant at Jealott’s Hill. In November 1946, Dr 
Bunting wrote saying that he had been appointed Chief 
Scientific Officer of the Groundnut Scheme in Tanganyika and 
asking if Peter would join him as Soil Chemist. This depended 
upon him finishing his degree so, with Joy’s financial support, 
he quit work to focus on his studies.

In October 1947, Peter arrived in Tanganyika and reported to 
Kongwa where the Scientific Department was being established 
(Figure 1). Joy joined him the following year once staff 
housing had been built. His main task was the organisation 
of field experiments to measure the fertiliser requirements 
in the three areas of Tanganyika and a few sites in Northern 
Rhodesia proposed for the production of groundnuts. While 
this research identified soil fertility limitations in each of the 
scheme areas, these were not the only factors leading to the 
abandonment of the scheme in 1951, but that’s another story 
– one that Peter has been frequently sought to tell in the years 
since. When the scheme was abandoned, Peter was left to pack 
up and lock the laboratory (equivalent, I suppose, to “Last one 
to leave switch off the lights”) at Kongwa.

Figure 1. Peter Le Mare at Kongwa (1947)



Obituary Agriculture for Development, 36 (2019)

70

In 1952, he joined the Empire Cotton Growing Corporation 
(ECGC), later renamed the Cotton Research Corporation 
(CRC). He was posted to their new Research Station at 
Namulonge, Uganda, but his terms of reference stipulated 
spending one quarter of his time at Ukiriguru Research Station 
in Tanganyika (Tanzania from 1964), where ECGC was also 
engaged in cotton research. He thus became the first Soil 
Scientist appointed there. In 1963, Peter took charge of the 
cotton research team at Ukiriguru.

In 1969, Peter resigned from the CRC and returned to the 
UK where he spent the next three years at Rothamsted 
continuing his Namulonge research on the unusual reaction 
of superphosphate fertiliser in high manganese soils. He 
received a PhD from University College London in 1973 for 
‘The effects of mono-calcium phosphate on crops in some 
Buganda soils’. From then until his retirement in 1988, he was 
a member of the Reading University Soil Science Department, 
but employed by the UK Government to research food crop 
(particularly pulses) soil fertility problems in tropical soils. 
This included several overseas visits and six months at the 
International Institute for Tropical Agriculture at Ibadan, 
Nigeria.

On retirement, he and Joy moved to his parents’ former 
home at Allithwaite. Joy predeceased him in 1996, but Peter 
remained there, tending his garden, enjoying its produce and 
exploring the many things that aroused his curiosity. He kept 
abreast of the world and its foibles, and took time to tell his 

MP, The Guardian, the Westmorland Gazette and anyone else 
who would listen what he thought. As well as being a member 
of the British Society of Soil Science (since 1947) and TAA, he 
was an active committee member of the local natural history 
and local history societies, and a regular contributor to the 
Furness Line Action Group. He died at home on 14 November 
2018 after a very short illness.

I first met Peter in August 1968 when I joined the Tanzania 
soil survey team based at Ukiriguru. Though not part of his 
responsibilities, Peter was of great assistance to the team, 
and continued to be a joy to know and work with, particularly 
since 2016 as my unofficial research assistant in the World Soil 
Archive at Cranfield. My last conversation with him was over 
coffee at his home on the 9 November 2018.

Approximately 60 family and friends gathered at Abbot Hall 
Hotel, Kents Bank on 1 December 2018 to celebrate his life and 
share their stories of how he inspired them, with his humour, 
generosity, integrity, self-sufficiency, eccentricity, engaging 
conversation and much more. His was a long life well lived. 
He now rests in Dalton Woodland Burial Ground.

Peter is survived by his four children (David, Robin, Margaret 
and Richard), four grandchildren and one great granddaughter. 
We extend our condolences to all who knew and loved Peter.

Wayne Borden
(With assistance from Peter, his family and friends)
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Upcoming events
A full listing of current and future events of interest to readers of the journal can be viewed at the TAA website: https://taa.org.
uk/events-7/.

Lecture: From goLden rice 
to scarLet tomatoes

Date: 2 May 2019

Details: Join the Kent, Surrey and Sussex branch of the 
Royal Society of Biology at their AGM at Surrey University 
followed by this talk by Professor Paul Fraser, Royal Holloway, 
University of London.

Further information: https://www.rsb.org.uk/events?event= 
kentsurreyandsussexagmandtalkbyprofessorpaulfraser

Venue: Department of Chemical Sciences, University of 
Surrey, Guildford, Surrey.

seeds & chips

Dates: 6-9 May 2019

Details: The Global Food Innovation Summit, ‘Seeds 
& Chips’, is the leading event of its kind, a place where 
thousands of innovators and the world’s brightest minds in 
food and agricultural technology come together from all over 
the world to build a better food system for all.

Further information: https://www.seedsandchips.com/ 
#summit

Venue: Fiera Milano, Rho, Milan, Italy.

Vith internationaL 
symposium on tomato 
diseases

Dates: 6-9 May 2019

Details: The symposium will focus on ‘Managing tomato 
diseases in the face of globalization and climate change’. 
Presentations to cover the following: genetics and breeding 
for resistance; food safety and post-harvest diseases; host-
pathogen interaction; ecology and epidemiology; disease 
management.

Further information: https://2019tomato.org/; download the 
symposium brochure: https://avrdc.us10.list-manage.com/ 
t rack/c l ick?u=ee8234bfbb38ef479875e1d21&id= 
bbc55d110e&e=14cce77bac

Organisers: World Vegetable Center; Taiwan Agricultural 
Research Institute; National Chung Hsing University.

Venue: Inhouse Hotel, Taichung City, Taiwan.

sussex deVeLopment 
Lecture

Date: 9 May 2019

Details: As one of the Sussex Development Lecture series, 
Speaker Dan Carden MP, Shadow Secretary of State for 
International Development, will deliver a lecture, ‘Achieving 
the SDGs: synergies and tensions’.

Further information: https://www.ids.ac.uk/events/dan- 
carden-mp-shadow-secretary-of-state-for-international-
development/

Venue: Institute of Development Studies (IDS), University of 
Sussex, Stanmer, Sussex.

Forest gardens and edibLe 
ecosystems

Dates: 13-17 May 2019

Details: Learn how to design, implement and maintain 
forest gardens and other sustainable agroecological systems. 
Participants will experience both recently planted and well-
established 25-year-old forest gardens, as well as other 
agroforestry in and around Dartington. Includes sessions 
on harvesting, preserving and cooking with forest garden 
produce.

Further information: https://www.schumachercollege.org.
uk/courses/short-courses/cultivating-healthy-soils

Venue: Schumacher College, Dartington Hall, Totnes, Devon.

conFerence – smart 
Farming 2019
Dates: 14-15 May 2019

Details: The 3rd International VDI Conference on ‘Smart 
farming 2019’, supported by national and international 
experts, brings together over 100 leaders in cutting-edge, 
agri-industry solutions.

https://taa.org.uk/events-7/
https://taa.org.uk/events-7/
https://www.rsb.org.uk/events?event=kentsurreyandsussexagmandtalkbyprofessorpaulfraser
https://www.rsb.org.uk/events?event=kentsurreyandsussexagmandtalkbyprofessorpaulfraser
https://www.seedsandchips.com/#summit
https://www.seedsandchips.com/#summit
https://2019tomato.org/
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=bbc55d110e&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=bbc55d110e&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=bbc55d110e&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=bbc55d110e&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=8ee44bf476&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=031e015b99&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=031e015b99&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=031e015b99&e=14cce77bac
https://avrdc.us10.list-manage.com/track/click?u=ee8234bfbb38ef479875e1d21&id=70bc3e119c&e=14cce77bac
https://taa.org.uk/locations/inhouse-hotel/
https://www.schumachercollege.org.uk/courses/short-courses/cultivating-healthy-soils
https://www.schumachercollege.org.uk/courses/short-courses/cultivating-healthy-soils
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Further information: https://www.vdi-wissensforum.de/en/
event/smart-farming/

Venue: Crowne Plaza, Düsseldorf, Germany.

gLobaL symposium on soiL 
erosion

Dates: 15-17 May 2019

Details: This symposium is jointly organised by FAO, the 
Global Soil Partnership (GSP), the Intergovernmental 
Technical Panel on Soils (ITPS), the United Nations 
Convention to Combat Desertification Science-Policy 
Interface (UNCCD-SPI) and the Joint FAO/IAEA Division for 
Nuclear Techniques in Food and Agriculture. Starting from 
the latest scientific knowledge on the status of interventions 
and innovations related to soil erosion management and 
existing assessment frameworks, the symposium will address 
soil erosion prevention and control for increased food security 
and ecosystem services.

Further information: http://www.fao.org/about/meetings/
soil-erosion-symposium/en/

Venue: FAO HQ, Rome.

taa east angLia seminar: 
‘What can agricuLture 
oFFer to biodiVersity 
conserVation?’
Date: 15 May 2019

Details: The TAA East Anglia 2019 Annual Seminar will 
be held in collaboration with Fauna & Flora International 
(FFI) and Cambridge Global Food Security (GFS) – both 
institutional members of TAA. The theme will be ‘What 
can agriculture do to support biodiversity conservation?’ 
Three speakers are expected to include Laura Fox (FFI), 
Martin Kaonga (TAA member and Executive Director of the 
Cambridge Centre for Environment) and Andrew Balmford 
(Professor of Conservation Science, University of Cambridge), 
who will talk about their experiences in West and Southern 
Africa and on the theme of land sharing.

Further information: For bookings and information, please 
email Keith Virgo: eastanglia_convenor@taa.org.uk

Venue: David Attenborough Building, Seminar Room 1.25a, 
Museum Site, Pembroke Road, Cambridge.

4th WorLd congress on 
agroForestry

Dates: 19-22 May 2019

Details: Agroforestry 2019 will host scholars, practitioners, 
policy makers and civil society members from around the 
world. There will be high-level keynote speakers and a wide 
choice of plenary and parallel sessions. A choice of (optional) 
field trips are available for registration.

Further information: https://agroforestry2019.cirad.fr/

Venue: Le Corum Conference Centre, Montpellier, France.

Food, Farms & metaphysics

Dates: 20-24 May 2019

Details: A joint meeting of Schumacher College with 
the College for Real Farming and Food Culture. If we are 
to achieve the goal of ensuring everyone in the world can 
live well and in harmony we must rethink everything from 
first principles. Join us to reassess all the big ideas we take 
for granted. We will be rethinking everything from the 
practicalities of cooking and farming, to the buildings in 
which we live, medicine, education, the mechanisms and 
ideologies of politics and economies, and even the underlying 
notions of science and moral philosophy.

Further information: https://www.schumachercollege.org.
uk/courses/short-courses/food-farms-and-metaphysics

Venue: Schumacher College, Dartington Hall, Totnes, 
Devon.

the royaL highLand shoW

Dates: 20-23 June 2019

Details: This four-day event is the pinnacle of the agricultural 
calendar, involving over 1,000 trade exhibitors, 2,150 
livestock competitors and covering over 280 acres, with 
spectacular show jumping, countryside pursuits, educational 
workshops, entertainment, shopping and a host of business 
opportunities. It is also considered a great day out for families 
and individuals keen to experience the best Scotland has to 
offer.

Further information: https://www.royalhighlandshow.org/
about-us/

Venue: Royal Highland Centre, Edinburgh.

https://www.vdi-wissensforum.de/en/event/smart-farming/
https://www.vdi-wissensforum.de/en/event/smart-farming/
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https://www.schumachercollege.org.uk/courses/short-courses/food-farms-and-metaphysics
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postgraduate open day –  
royaL agricuLturaL 
uniVersity

Dates: 22 June and 7 September 2019

Details: RAU organises postgraduate open days for potential 
students to find out more about living and studying at the 
RAU. Prospective students will be able to meet the lecturers, 
discuss the courses, meet current postgraduate students, 
explore the campus and accommodation, and find out more 
about fees, scholarships and bursaries.

Further information: https://www.rau.ac.uk/about/news-
and-events/events/postgraduate-open-day-1

Venue: Royal Agricultural University, Cirencester.

groundsWeLL 2019
Dates: 26-27 June 2019

Details: The core theme at this year’s event will be 
‘Conservation agriculture: practical ideas on how to farm 
in the new environmental and political climate whilst 
regenerating your core asset – the soil’.

Further information: https://groundswellag.com/

Venue: Lannock Manor Farm, Hertfordshire.

the biochar & bioenergy 
2019 conFerence

Dates: 30 June to 3 July 2019

Details: The four-day conference will focus on bridging 
scientific, industrial, practitioner and policy gaps in 
biomass utilisation for biochar and bioenergy production. 
Co-sponsored by US Biochar Initiative and Bioenergy 
Alliance Network of the Rockies, the meeting will draw 
attention to biochar and bioenergy science, technology 
and sustainability issues at local-to-global scales, with 
conference tracks on: forest health and biomass mapping; 
wood harvest and feedstock production systems; 
thermochemical conversion and biochar production 
technologies; biochar in agriculture, horticulture and 
urban landscapes; biochar for environmental remediation 
and forestry; bio-carbon as feedstock for other bio-based 
products; and biomass and biochar health and safety 
issues.

Further information: https://biochar2019.meetinghand.
com/preview/en/#

Venue: Colorado State University, Fort Collins, Colorado, 
USA.

human nutrition & Food 
science conFerence

Dates: 2-3 September 2019

Details: The main concept of the 2019 conference is 
‘Delving into new dimensions in nutrition and food science’. 
Participants will share their knowledge and research, and 
there will be thought-provoking keynote lectures, oral and 
poster presentations, a symposium and workshops.

Further information: http://www.hnfsconference.com/

Venue: Holiday Inn, Rome – Aurelia.

uK dairy day 2019
Date: 11 September 2019

Details: The 2019 UK Dairy Day features trade stands, a cattle 
show, seminars, practical demonstrations and dedicated 
zones for knowledge sharing.

Further information: https://www.ukdairyday.co.uk/exhibit/

Venue: The International Centre, Telford, Shropshire.

resistance ’19: the science 
oF pesticide resistance

Dates: 16-18 September 2019

Details: Organised by Rothamsted Research and hosted at their 
headquarters in Hertfordshire, the 8th International Meeting 
on Pesticide Resistance will cover the latest work on resistance 
to insecticides, fungicides and herbicides. The programme will 
include talks, posters and presentations under three headings: 
‘Molecular mechanisms and genomics’, ‘Evolution and 
selection’ and ‘Monitoring, field studies and IPM’. It will bring 
together a wide range of academics, students, and industry 
and stakeholder representatives to engage with the insights 
and strategies arising from the most up-to-date research.

Further information https://www.rothamsted.ac.uk/
resistance19

Venue: Rothamsted Research, Harpenden, Hertfordshire.

soiL & Water resources 
management For cLimate-
smart agricuLture
Dates: 5-9 November 2019

Details: This Joint International Conference will combine the 
4th WASWAC World Conference, the 20th ISCO International 

https://www.rau.ac.uk/about/news-and-events/events/postgraduate-open-day-1
https://www.rau.ac.uk/about/news-and-events/events/postgraduate-open-day-1
https://groundswellag.com/
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https://biochar2019.meetinghand.com/preview/en/
https://biochar2019.meetinghand.com/preview/en/
https://taa.org.uk/locations/colorado-state-university/
http://www.hnfsconference.com/
https://www.ukdairyday.co.uk/exhibit/
https://www.rothamsted.ac.uk/resistance19
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http://soilconservation.org/
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Conference and the 4th SCSI International Conference. 
It will be hosted by the Soil Conservation Society of India 
(SCSI). For the first time, the World Association of Soil 
and Water Conservation (WASWAC) and the International 
Soil Conservation Organisation (ISCO) will jointly plan the 
conference. There will be post-conference technical tours to 
Karnal and Dehradun.

Further information: http://soilconservation.org/

Venue: National Agricultural Science Centre Complex, Pusa, 
New Delhi, India.

earth taLK: mahatma 
gandhi in the 21st century
Date: 21 November 2019

Details: 2019 is the 150th anniversary of the birth of 
Mahatma Gandhi. Join the celebration with Vandana Shiva 
and Satish Kumar as they show that Mahatma Gandhi’s 
message is as relevant today as it was in his lifetime.

Further information: https://www.schumachercollege.
org.uk/events/earth-talk-with-vandana-shiva-and-satish-
kumar%3A-mahatma-gandhi-in-the-21st-century

Venue: The Great Hall, Dartington Hall Estate, Devon.

http://soilconservation.org/
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Tim Roberts, Greenways, 15 Marksbury, Bath, Somerset BA2 9HS 
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London/South-East

Terry Wiles, 7 Old Stocks Oak, Farnham Road, Liss, Hants GU33 6JB.  
Tel: 01730 890228; email: southeast_convenor@taa.org.uk 
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 Tel: 01225 851489;  
 email: president@taa.org.uk 
Chairman: Keith Virgo, Pettets Farm, Great Bradley, Newmarket, Suffolk CB8 9LU.  
 Tel: 01440 783413;  
 email: chairman@taa.org.uk
Vice-Chairman: Paul Harding, The Cliff, Stanyeld Road, Church Stretton,   
 Shropshire SY6 6JJ.  
 Tel: 01694 722289;  
 email: vice_chairman@taa.org.uk
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 Services, 1 Dashwood Square, Newton Stewart DG8 6EQ.  
 Tel: 07711 524641;  
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MK45 4RU.  
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