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1. Introduction 
 
Cooling is for many of us an essential, but sometimes hidden, part of everyday life – from cold supply 
chains for fresh produce, safe storage of life-saving vaccines, to comfortable work and educational 
environments that help maintain productivity. As temperatures rise with climate change, and as 
economies grow and urbanize the world’s cooling needs are expected to dramatically increase.  
 
“Powered” cooling solutions are thought to produce around 10% of the world’s CO2-e emissions1, 
three times more than aviation and shipping combined. Approximately a quarter of this effect is 
directly due to the leakage of high global warming potential (GWP) refrigerants greenhouse gases 
and three-quarters is generated indirectly using electricity, which results in CO2 emissions during its 
generation.i 
 
Demand for cooling is expected to boom both from those who can, or will soon be able to afford it, 
as well as from those who struggle to afford cooling but whose cooling needs may increase because 
of rapid urbanization combined with global warming.  Nonetheless, now, access to cooling is limited, 
especially for the poorest people and communities. Many homes, work places, schools, and hospitals 
have inadequate levels of cooling, while insufficient and interrupted cold chains lead to 
considerable, avoidable food and medicines losses as well as loss of life.  
 
All of this undermines the efforts and opportunities for dozens of countries to realize several of the 
Sustainable Development Goals (SDGs) 2, such as ending poverty, hunger and disease. Despite this, 
cooling has, to date, not captured the political imagination, with only a minuscule share of total 
ODA3 funding going towards cooling solutions. 
 
We urgently need to find new ways to provide sustainable cooling services to a growing world 
population in a warming world, which go beyond simply making contemporary cooling devices more 
energy efficient, or providing a stripped-down version of the original to appeal to lower income 
groups. In short, we need to rethink the future of cooling by focusing foremost on the desired 
outcomes rather than the projected energy demand.  
 
Clean cold technologies and an economy based on sustainable cooling solutions could also become a 
powerful engine of sustainable development worldwide. The University of Birmingham’s 
Commission on Cold found that such a transition could generate annual global savings of between 
US$56 billion and US$146 billion – representing a vast and growing potential market.ii Our 
investigations also suggest that new solutions could help to reduce the risk associated with a lack of 
cooling for around 5-600 million lives at highest risk. 
 
  

                                                             
1 CO2-e emissions refer to any given mixture and amount of greenhouse gases, expressed in the number of 
CO2 amounts, that would have the same global warming potential (GWP) when measured over a specified 
timescale. 
2 The Sustainable Development Goals (SDGs), officially known as Transforming our world: the 2030 Agenda for 
Sustainable Development, is a set of 17 "Global Goals" with a combined total of 169 indicators, introduced in 
2015 to help UN member states frame their agendas and political policies for sustainable development up to 
2030. 
3 Overseas Development Assistance; 0.04% of ODA going towards cooling, as provided by KCEP 



1.1. Introducing Cooling for All 
 
In July 2017, Sustainable Energy for All (SEforALL), supported by the Kigali Cooling Efficiency Program 
(K-CEP), announced Cooling for All, a new initiative to identify the challenges and opportunities of 
providing access to affordable, sustainable cooling solutions for all. The initiative commenced by 
establishing a Global Panel on Access to Cooling, uniting eminent industry experts and public leaders 
with the aim to provide evidence for access to environmentally friendly, affordable cooling solutions 
for citizens, especially those in low-income countries. 
 
This report lays out the broad canvas of data analyzed, the methodologies used to segment the 
market and a thorough review of work done to date in the access to cooling space. It includes 
preliminary ideas on pathways to increasing access to cooling, especially for those at the bottom of 
the pyramid, and initial thoughts on programs to stimulate action. The report is for review by the 
Global Panel and a small circle of stakeholders and serves as the body of knowledge from which to 
determine the focus of the final report which will be published in July 2018. 
 
For the consideration of access to cooling, the following scope and boundaries have been applied: 
• Providing access to cooling is considered to comprise a very broad range of measures that meet 

users’ cooling needs in a sustainable manner. Solutions should be: no-to-low-HFC, affordable, 
energy efficient, and contribute to meeting the SDGs.  

• The gap in access to cooling is considered to comprise (1) those who simply do not have 
appropriate access to cooling now or in the near future, and cannot reap the many beneficial 
socio-economic, health and environmental impacts of such access; as well as (2) those who are 
expected to gain access to cooling in the next decade(s), however are unlikely to have access to 
sustainable, efficient and affordable cooling solutions under a Business-As-Usual development 
path. 

 
This report focuses primarily on those who are unlikely to gain access to cooling now or in the short 
term. To a lesser extent it considers those, who will likely soon gain access to cooling but are unlikely 
to have access to sustainable cooling solutions once they do. Definitions for the lack of as well as 
appropriate access to cooling are provided in section 1.3. 
 
1.2. Sector focus and rationale 
 
The report covers four sectors, based on current and projected cooling (energy) demand associated 
with access to cooling, with this section providing the rationale for our focus on: 
• urban environments; 
• buildings; 
• cold chains; 
• and to a lesser extent, data centers. 
 
1.2.1. Urban Environments 
 
Urbanization in combination with population growth is adding an estimated 2.5 billion more people 
to the world’s urban populations by 2050, with close to 90% of this increase concentrated in Asia 
and Africa. Already more than 3 billion people live in the tropics and subtropics, with the top 30 of 
hottest cities in the world all found in developing and emerging countries, which also host most of 
the world’s megacities. iii Urban areas are also responsible for over 70 percent of global energy use 
and a similar amount of greenhouse gas (GHG) emissions. 
 



Currently many of these cities experience the so called ‘urban heat island effect’4, which is primarily 
caused by the replacement of natural surfaces with hard impervious (asphalt and concrete) surfaces 
such as roads and other paved areas, and roof tops. All which are relatively dark and absorb large 
amounts of solar radiation.iv Together with the prevailing urban geometry, this heat island effect can 
result in an increase in temperatures for a city with one million or more inhabitants of as much as 4-
7oC in comparison with adjacent vegetated areas,v and on a clear, calm night, this temperature 
difference can even reach 12°C. vi 
 
1.2.2. Buildings 
 
While over 70% of global energy use takes place in urban areas, the buildings in those cities are 
major sources of energy end use and are currently responsible for roughly a third of global energy 
consumption as well as a third of global human-induced CO2 emissions. One of the most rapidly 
growing energy demands in buildings is cooling by means of air conditioning (AC). Worldwide power 
consumption for AC alone is forecast to surge as much as 33-fold by 2100 versus current levels, as 
developing world incomes rise and urbanization advances.vii  
 
Artificial cold is a fairly recent phenomenon though, with the first AC unit appearing in the early 
1900s, soon followed by the first home fridges. Cold provision has quietly but steadily become 
increasingly important in our lives, especially in higher income economies, with people increasingly 
expecting AC to make buildings and transport modes comfortable, and refrigeration to be available 
to maintain the freshness of food. Furthermore, medicines, including vaccines, need refrigeration; 
many industries such as steel, chemicals and plastics depend on cooling; and data centers – and thus 
the internet – would soon collapse if deprived of artificial cooling.viii  
 
As a partial response to the increasingly widespread availability of artificial cooling, cities are 
increasingly taking on unstable thermodynamic forms, with buildings frequently resembling 
collections of (glass) boxes crowded onto dark, impervious asphalt and concrete dominated heat 
islands. Movements such as rapid population growth coupled with urbanization, an increase in 
building density and a change in building design with less consideration for passive cooling options, 
have all contributed to this trend. However, achieving thermal comfort in buildings is not only 
important for building residents, but also to enable safe and productive work, healthcare, 
educational and recreational environments. 
 
1.2.3. Cold Chains 
 
Cooling is an essential part of local or global supply chains to ensure that fresh (and frozen) produce, 
life-saving vaccines and temperature-sensitive medicines are always kept within an optimum 
temperature band to avoid spoilage and wastage. Worldwide, an estimated 40% of all foods are 
refrigerated at some point, with this number rising to 70% for industrialized countries, while around 
15% of global energy consumption is devoted to refrigeration.ix 
 
In a world where more than 800 million people, globally, are malnourished, and a country like India 
is projected to only be able to meet 59% of its total food demand through domestic food production 
by 2030,x globally, it is estimated that 1.3 billion tons of food, representing a third of the total food 
production for human consumption, is lost or wasted every year. The lack of a (continuous) cold 
chain also hampers the effective distribution of vaccines – access to which could prevent more than 
two million deaths from diseases a year in developing countries. 

                                                             
4 Urban Heat Island (UHI) effect is the term given to localized higher temperatures that are experienced in 
urban environments compared with the temperatures of surrounding green spaces 



 
1.2.4. Data centers 
 
Data centers are emerging as major contributors to cooling demand, representing around 1.6% of 
global energy consumption according to 2014 data and roughly half of data center energy use going 
towards cooling. They currently do not represent an access to cooling gap for low-income citizens in 
developing and emerging countries but they do present a significant cooling risk as urbanization and 
digitalization in emerging markets grows.  
 

1.3. Access to cooling definitions 
 
It is important to have a shared understanding of the nomenclature we have used in the report. 
 
Implicit in the discussion is that access to cooling refers to sustainable cooling provision. In other 
words, providing access to cooling options that are environmentally sustainable, efficient and 
affordable, as well as sufficient to meet local demands without encouraging potential over-
consumption of cooling. As has been shown in many developed markets, cooling can be used 
inefficiently or excessively even if produced efficiently. In addition, there is the assumption that 
increasing access to cooling will enhance countries’ abilities to achieve the SDGS. The link between 
enhanced cooling access and the SDGs are discussed in more detail in Annex B on Cooling Access 
Dividend.  
 
For the purposes of this report we have therefore adopted the following definitions: 
 
1.3.1. Lack of access to cooling 
  
Buildings/urban environments  
For buildings and urban environments, lack of access to cooling at the individual level is considered 
to equate to someone, who is at medium to high risk of adverse health or productivity impacts 
brought on by heat5 and with insufficient means of mitigating these risks. This in turn may hamper 
the ability of this person to reap the associated socio-economic and health benefits in line with the 
SDGs. 
 

                                                             
5 Whether this is at home, at work, at school, or while moving between places, etc 



 
 
Figure 1 Estimates of GDP loss for selected countries as a result of heat stress by the year 2030 xi    

Cold chains  
For cold chains, this is considered to be someone who is at medium to high risk of adverse 
environmental, socio-economic and/or health impacts that may hamper the achievement of the 
SDGs because they experience a lack of an uninterrupted cold chain for cooling fresh produce, 
frozen or refrigerated food products, or temperature sensitive medicines. 
 
1.3.2. Unsustainable access to cooling: 
 
Unsustainable access to cooling at the individual level is considered to represent someone, who 
directly or indirectly6 is expected to gain access to cooling in the next decade(s), however is likely to 
choose or use technology that is inefficient or contains refrigerants with a high Global Warming 
Potential (GWP.  
 
1.3.3. Appropriate access to cooling 
 
Appropriate access to cooling is considered to comprise measures that meet cooling needs, such 
that it would help gain socio-economic and health benefits in line with the SDGs, while doing so in a 
no-to-low-HFC, affordable, and energy efficient manner. As a general principle, this calls for cooling 
(-and energy) demand reduction measures to be applied first, with the remaining cooling needs met 
through technical solutions that minimize adverse and maximize beneficial environmental and socio-
economic impacts. 
 
At a sector level, appropriate access to cooling could be translated as follows: 
 
• Buildings 
Appropriate access to cooling for buildings (residential, commercial buildings, industrial, schools or 
hospitals) is considered to comprise measures that meet the occupants’ or users’ cooling needs, 
either by reducing or preventing cooling needs or through providing actual cooling, in a no-to-low-
HFC, affordable, and energy efficient manner. 
 
                                                             
6 To also capture assets not under direct control of the individual, but in one way or another used by that 
person e.g. office and retail buildings, vehicles, guest accommodation, supermarket fridges, etc 



• Urban environments 
Appropriate access to cooling for urban environments is considered to translate to an urban 
environment, that has been designed in a way that it minimizes heat absorption from solar 
radiation, minimizes heat emission from structures such as buildings and other assets such as 
vehicles to the external environment, as well as leverages city- or district-level opportunities for 
more efficient cooling provision.  
 
• Cold chains 
Appropriate access to cold chains is considered to encompass access to uninterrupted cold chains, 
designed to cover all phases and the subsequent logistical and physical infrastructure needed to 
maintain optimum quality for temperature-sensitive products from manufacturer to end user, while 
doing so in no-to-low-HFC, affordable, and energy efficient manner. This could mean a continuous, 
sustainable cold chain from e.g. farmer to dinner table, or from pharmaceutical supplier to patient.   
 
1.4. Structure of the report 
 
The report adheres to the following structure, with each chapter referring to one or more Annexes 
for a more detailed elaboration of the items covered. 
 
Chapter 2 Identifying the problem examines the status of cooling access, how the lack of cooling 
adversely impacts people, and why it is important to provide them with such cooling access. 
 
Chapter 3 Sizing the market for and impact of sustainable cooling solutions lays out an analysis of 
the potential size of the market for sustainable cooling solutions. It also provides guidance on the 
benefits derived from better cooling access, and points towards high impact countries to target for 
interventions. 
 
Chapter 4 Tackling the Access to Cooling gap provides an overview of how we can start addressing 
cooling access through a system’s approach, build sectoral pathways, and tackle barriers that 
prevent people from gaining such access. 
 
Chapter 5 What is already being done? looks at the variety of different initiatives and programs that 
are underway or have been completed together with an analysis of key findings. 
 
Chapter 6 Developing pathways for cooling access draws together conclusions from the research to 
date on solution packages that could be applied to elevate people from one Tier to another. It also 
provides preliminary thoughts on how to make those changes happen. 
 
Chapter 7 Initial Recommendations and next steps gives preliminary ideas of the types of programs 
that could be developed and supported in the future and a list of immediate next steps in preparing 
a final report for publication. 
  



2. Identifying the problem 
 
This section examines the status of cooling access, how the lack of cooling adversely impacts people, 
and why it is important to provide them with such cooling access. 
 
Before trying to quantify the global and sectoral cooling access gaps as well as provide 
recommendations for the design of sustainable access to cooling pathways, it is critical to first create 
a better understanding of the problem at hand and its importance for achieving a sustainable, just 
and prosperous world. A more detailed overview of the state of play of cooling access both globally 
and by sector is provided in Annex C. 
 
2.1. The global cooling access gap 
 
The current cooling demand consists of both met and unmet demands (‘needs’) for cooling. Very few 
readily available data exist on the second category, the lack of access to cooling. We know that in 
2016 an estimated 1.06 billion people lacked access to electricity. Most of these people are based in 
developing countries, predominantly in Sub-Saharan Africa and Asia. In Sub-Saharan Africa 80% of 
those lacking access to electricity live in rural areas.xii  
 
Given current trends, more than half a billion people in sub-Saharan Africa could still be without 
power by 2040 due to population growth, and even those who have access to electricity can’t 
necessarily rely on it. About another 1 billion people are estimated to have unreliable access to 
electricity, and in Tanzania for instance, power outages are so common that they cost businesses 
15% of their annual sales.xiii  
 
The lack of sufficient cooling access - e.g. homes, work places, schools, hospitals, cold chains for 
food & medicines incl. transport and storage, industry - is likely to exceed the lack of access to 
energy, while the lack of sustainable, affordable and energy efficient cooling access is even higher. 
Unlike energy access which affects mostly rural populations, the lack of cooling affects both urban 
and rural populations. Urban residents for example may have access to electricity, but live in poorly 
designed buildings and urban environments that heat up quickly, while lacking the purchasing power 
to buy and power a cooling appliance. 
 
An example are urban residents in slums, which are often haphazardly built and designed and where 
many people live at or below the poverty line7.  An estimated 1 billion urban dwellers currently live 
in slums, and the absolute number of people living in slums continues to grow because of population 
growth, particularly in Sub-Saharan Africa and Asia.xiv 
 
Extending access to cooling to countries with critical gaps in cooling access can not only help deliver 
many socio-economic and health benefits in line with the SDGs, but also help these countries 
‘leapfrog’ to sustainable cooling solutions that are affordable, energy efficient and have low or no 
global warming potential (GWP).  
 
 
 
 

                                                             
7 Poverty line is the minimum level of income deemed adequate in a particular country. Although this depends 
on the cost of living for each country, in October 2015 the World Bank updated the international poverty line 
to US$1.90 per person a day 



2.2. Sectoral cooling access gaps 
 
2.2.1. Cooling access in buildings 
 
Building cooling energy demand on the rise 
Buildings are major sources of energy end use, currently responsible for roughly a third of global 
energy consumption as well as a third of global human-induced CO2 emissions. One of the most 
rapidly growing energy demands in buildings is cooling by means of air conditioning (AC). Air 
conditioner sales are growing at 10–15% per year in hot, populous countries such as Brazil, China, 
India and Indonesia.xv A typical room AC unit uses 10-20 times as much electricity as a ceiling fan.  
 
Worldwide power consumption for AC alone is forecast to surge as much as 33-fold by 2100 versus 
current levels, as developing world incomes rise and urbanization advances.xvi Studies from Mexico 
suggest that in warm regions, the rise in income levels is strongly correlated to a rise in AC use, with 
penetration levels reaching over 80% in areas where people can afford them.xvii India for instance is 
poised for a veritable explosion in room AC use, as a result of millions of Indians crossing the income 
threshold that makes AC within their reach. The result would be a doubling of the country’s 
electricity demand in the next 15 years, requiring as many as 300 new power plants just to provide 
for the additional AC demand, barring a significant improvement in the efficiency of AC 
equipment.xviii 
 
For thousands of years before the invention of so called active cooling solutions, which require 
supplied energy such as electricity or gas to operate, people lived successfully in warm and hot 
climates by using passive cooling solutions, which either prevent heat from entering (heat gain 
prevention) or remove heat from the building (natural cooling).  
 
Ironically, the surge in the use of AC units for cooling of buildings can actually increase temperatures 
in cities, with the effects particularly noticeable at night. Scientists from Arizona State University in 
Phoenix, USA, demonstrated in 2014 that the widespread use of AC in hot and dry cities such as 
Phoenix causes local heating of urban atmospheres, resulting in a 1-2°C temperature increase at 
night time – and suggesting that the waste heat from ACs could be put to better use if captured and 
turned into useful energy, such as for water heaters.xix  
 
Low-income urban dwellers left behind 
In many developing countries, a considerable percentage of the urban population lives in slums. 
Due to the slums’ informal nature including the lack of secure land tenure and with slums frequently 
being ignored by municipal government, these residents are more likely to live in poorly designed 
buildings, not suited to cope with heat. Even though they may have a certain degree of access to 
electricity, potentially informally (and illegally), they may not have the purchasing power to buy and 
run a cooling device or simply have access to a safe, good quality and reliable power supply.   



2.2.2. Cooling access in cities 
 
Emergence of the urban heat island effect 
<object>Urbanization in combination with population growth is projected to add an estimated 1.5 
billion more people to the world’s urban population by 2030, resulting in 6 out of 10 people 
worldwide living in cities.xx Already more than 3 billion people living in the tropics and subtropics, 
with the top 30 of hottest cities in the world all found in developing and emerging countries, which 
also host most of the world’s megacities. 

<object>    
 

Currently many cities experience the so called ‘urban heat island effect’8, which is primarily caused 
by the replacement of natural surfaces with hard impervious (asphalt and concrete) surfaces such as 
roads and other paved areas, and roof tops, which typically have relatively low albedo values (the 
fraction of incoming solar radiation reflected back into space) and high thermal conductivities, 
absorbing and re-radiating up to 90% of the total incoming solar radiation.xxi  
 
An additional factor is the urban geometry, which influences wind flow, energy absorption, and a 
surface’s ability to emit long-wave radiation back. Together this can result in an increase in 
temperatures for a city with one million or more inhabitants of as much as 4-7oC in comparison with 
adjacent vegetated areas,xxii and on a clear, calm night, this temperature difference can even be as 
much as 12°C.xxiii Typically, electricity use in cities increases between 2 and 4% for every 1°C 
temperature increasexxiv, while the probability of smog increases by 6% per 1°C temperature 
increase at ambient air temperatures over 22°C.xxv 
 
Deadly heat as the new reality 
A 2015 study predicts that urban India will see at least a doubling of heat-related deaths before the 
end of the century, based on summer temperature increases of up to 3°C. In fact, in the past 50 
years, heat waves killing more than a hundred people have become twice as likely to occur during 
India’s hot summers.xxvi A new study predicts that by the end of this century, if carbon emissions 
continue on their current trajectory, three-quarters of humanity will face deadly heatxxvii, and 
particularly older people and those with little education are shown to be at risk. xxviii Densely 
populated regions in the Persian Gulf, Bangladesh, and northeast India may even become so hot and 
humid, that they pass the “upper limit on human survivability. xxix  
 
Even though mortality from heat is highly episodic, heat waves already kill an estimated 12,000 
people annually across the world, and the World Health Organization forecasts that by 2050, deaths 
from heat waves could reach 260,000 annually, unless cities adapt to the threat.  
 
Labor productivity suffering due to heat stress 
High heat exposure doesn’t only result in higher mortality and illness rates, but also reduces 
productivity. For outdoor, in-sun work environments in South-East Asia, modelled “work capacity 
                                                             
8 Urban Heat Island (UHI) effect is the term given to localized higher temperatures that are experienced in 
urban environments compared with the temperatures of surrounding green spaces 

     Figure 2: Depiction of the Urban Heat Island Effect (xxii)   



losses” during hot weather by 2050 for moderate work in the shade at the height of the day are 
expected to be as high as 40-50%, increasing to 60-70% in the sun.  
 
Overall by 2050, work hour losses by country are expected to be as high as 12% in the worst 
effected regions of South Asia and West Africa. For severely impacted countries, this could result in a 
loss as much as 6% of their annual GDP/capita. Even a 2% per capita loss per year would mean that 
over 30 years the gains in GDP/capita for that country will have been less than half as much as if the 
productivity loss due to excessive heat had not occurred.xxx  
 
2.2.3. Cooling access in cold chains 
 
Food wastage’s contribution to poverty and climate 
In developing countries, an estimated half of perishable food is wasted before even reaching the 
market, largely due to the absence of proper cooling, both for storage and transport. Globally it is 
estimated that 1.3 billion ton of food, representing a third of the total food production for human 
consumption, is lost or wasted every year. This results in combined economic losses roughly 
equating to US$750 billion a year, and reduced the ability of countries to become or stay food self-
sufficient.  
 
Reducing global food wastage by 50% if replicated worldwide could feed an additional 1 billion 
people, probably halving the expected 60% required increase in global food production to feed an 
additional 2 billion inhabitants by 2050.xxxi Food wastage also contributes large quantities of CO2 
emissions. If food wastage would be a country, it would even be the third biggest global emitter of 
CO2 emissions after the USA and China.xxxii  
 
Food wastage both depresses farmers’ incomes and raises food prices, resulting in an average 15% 
lower incomes for 470 million smallholder farmers, many of which are also counted as among the 
part of the world population being food insecure.xxxiii Consumers in low income countries spend as 
much as 40-50% of their incremental income on food, directly affecting poverty of the consumer 
base. Reducing food loss and waste can help alleviate both poverty and undernourishment, with 180 
million children worldwide experiencing nutritional deficiencies. Malnutrition is the largest single 
contributor to disease in the world, according to the UN’s Standing Committee on Nutrition, with 
more children dying each year from malnutrition than from AIDS, malaria and tuberculosis 
combined.xxxiv 
 
Add to this that growth in the agricultural sector in Sub-Saharan Africa is considered about 11 times 
more effective at reducing poverty than growth in other sectors, and there should be a strong case 
for investing in solutions to reduce post-harvest losses.xxxv Notwithstanding this, only a very small 
amount of ODA funding towards enhancing agricultural productivity is being directed towards food 
loss and wastage. xxxvi  
 
Lack of cooling hampering vaccine distribution 
The lack of a (continuous) cold chain also hampers the effective distribution of vaccines – access to 
which could prevent more than two million deaths from diseases a year in developing countries. In 
2013 the global vaccine market was worth approximately US$24 billion in 2013 with most vaccines 
requiring a cold chain to remain viable. The World Health Organization (WHO) estimates that nearly 
50% of freeze-dried and 25% of liquid vaccines are wasted each year, with disruption in the cold 
chain as one of the largest contributors to this wastage. 
 
The lack of grid electricity is a major threat to the continuity of the medical cold chain, while the 
main conventional alternatives – being kerosene- and gas-driven refrigerators - are plagued by 



problems with gas supply interruptions, low efficiency, poor temperature control, and frequent 
maintenance needs. As a result, none of them qualifies under the minimum standards established by 
the World Health Organization’s Performance, Quality, and Safety (PQS) system.xxxvii 
 
How important vaccines can be for our well-being is exemplified by the role of refrigeration in the 
eradication of polio. In 2013, the number of cases of polio occurring worldwide stood at 416, 
compared to 350,000 cases registered in 1988, 25 years earlier.xxxviii 
 
  



3. Sizing the market for and impact of sustainable cooling solutions 
 
This section lays out an analysis of the potential size of the market for sustainable cooling solutions. 
It also provides guidance on the benefits derived from better cooling access, and points towards high 
impact countries to target for interventions. 
 
3.1. Introduction 
 
Before analyzing potential solutions to providing access to cooling it is essential to understand the 
size of the problem. We have laid out an indicative framework to identify and quantify different 
levels of cooling access which we have termed Tiers. We have also tried to determine the associated 
benefits of providing such access, which we have termed the Dividend. The quantifications are at 
this point highly indicative and meant to be illustrative rather than conclusive, as they are based on 
limited data with still considerable data gaps. As was discussed earlier, one of the alarming aspects 
of the gap in access to cooling is the potential climate risk of solving the cooling challenge in an 
unstainable manner by using inefficient appliances/devices that use fossil fuel generated electricity, 
or which ignore that benefits of designing new buildings to have passive cooling options. In 
considering cooling pathways and the markets a working assumption is that any solution we propose 
must be executed in the most sustainable manner possible. In the main body of the report we have 
there been rather silent on climate risks. However, these are included in more detail in Annex A and 
in the discussion around cooling dividends.  
 
The framework of tiers and dividends can provide policy makers and other key stakeholders with a 
meaningful approach to structure conversations around the extent and nature of cooling access 
gaps together with the ambitions or goals for closing some of these gaps. This helps create a shared 
understanding of the entry to outcome states through which we aim to move households and 
individuals in supporting their cooling needs.  
 
The guidance on quantifications of these gaps allows these stakeholders to start generating 
enhanced insight in the estimated size and characteristics of the target population, including 
regional and sectoral variations. To help justify subsequent (policy) interventions, the dividend 
approach provides an outlook of how different goals translate into environmental, health and/or 
socio-economic benefits for (vulnerable) citizens that can support countries in delivering on the 
SDGs. Together the tiers, access gap quantifications, and dividends approach will provide actors with 
a package of tools to inform and support policy and program development. Segmenting the market 
also helps provides an understanding of the market size that is essential to engaging with and 
mobilizing the private sector and financial institutions to help tackle the problems. 
 
Finally, this chapter also includes a first list of potential high impact countries by sector, which can 
help inform considerations of which countries to target for cooling access interventions.  
 
3.2. Approach to analyzing the opportunity 
 
A systematic, step-wise approach has been used to help structure the access to cooling 
conversation:  
• First, we have developed a model for looking at different “Tiers” of access to cooling. When we 

consider moving actors from having no access or unsustainable access to cooling, it is important 
to acknowledge that access to cooling will in practice consist of a spectrum of service levels 
ranging from no to full, sustainable access. The Tiers framework takes a risk/impact based view 
using health, productivity and climate as key indicators to identify the level of cooling access; 



• Subsequently, we have started gathering data from multiple sources at country level globally to 
develop indicative methodologies for quantifying the access gap by Tier; 

• We have applied the Tier model to the overall numbers by sector for Nigeria as an example 
country, to test the approach, understand the data limitations, and come up with a more 
nuanced estimate of several access gaps as per the Tiers framework; 

• Policy makers may not only want to gain a better understanding of how many of their citizens 
find themselves in the different Tiers, but also of the beneficial SDG impacts that could be had 
by moving target groups from a lower to a higher Tier. To this purpose, a framework for 
describing and calculating the Cooling Access Dividend has been developed; 

• Finally, we have used a combination of (absolute and percental) access gaps and a high-level 
assessment of countries’ political and business environment to identify an indicative list of high 
impact countries. 

 
3.3. A summary of the Access to Cooling Tiers Framework 
 
Access to cooling consists in practice of a spectrum of various service levels, meaning that several 
intermediary levels of cooling access can be distinguished. By applying a set of access to cooling 
tiers, we can create a better, shared understanding from what entry point to what outcome (access 
to cooling ladder) we aim to move individuals in supporting their cooling needs. 
 
The Tiers are deemed to be technology neutral i.e.  it doesn’t matter how the service is provided; 
what matters is whether the benchmarks for each tier are met. A summary of the Tiers framework is 
provided below, with a more elaborate explanation provided in Annex A. 
 
3.3.1. Methodology 
 
Providing access to cooling is considered to mainly: reduce health risks, increase ability to function, 
or to preserve (food/vaccines), while in certain cases it can also create better opportunities (greater 
income through reduced food loss). 
 

  High risk/adverse Medium risk/adverse Low to Neutral  

Health impact    

Buildings / cities 
High risk of mortality from 
heat stress; high risk of 
heat related illness 

Medium risk of mortality 
and illness from heat stress 

No risk of mortality. Low 
risk of illness from heat 
stress  

Food wastage 
High adverse impacts on 
food safety and/or 
nutrition due to spoilage 

Medium impacts on food 
safety and/or nutrition 

Low impacts on food 
safety and/or nutrition 
to low 

Vaccine potency 

High risk of under/non-
vaccination due to 
reduced vaccine 
availability 

Medium risk of under/non-
vaccination due to reduced 
vaccine availability 

Low risk of under/non-
vaccination due to 
reduced vaccine 
availability 

Productivity impact    

Buildings / cities High productivity drop 
due to heat stress 

Reduced productivity 
drops to medium 

Reduces productivity 
drop to low 

Food wastage High rate of spoilage of 
fresh produce due to heat 

Reduced very rapid 
spoilage of fresh produce 

Delays ongoing spoilage 
process of fresh produce 

Vaccine potency High rate of vaccine 
potency loss due to heat 

Reduced very rapid 
potency loss of vaccines  

Delays ongoing potency 
loss of vaccines 

Table 1 Impact categories for the Tiers framework 



The level of risk has a high correlation with average ambient temperatures, and, in the case of 
human populations, humidity. Moving between cooling tiers takes people from an undesirable and 
potentially at-risk stage to a low-to-no risk or adverse impact stage. We have looked at two impact 
categories shown in Table 1. 
 
3.3.2. Tiers framework 
 
Based on these three impact categories and their associated impacts, a Tier system has been 
developed with three Tiers (Tiers 0 –3). The following matrix provides an indication of what the 
different Tier categories could look like. Section 3.6. provides an illustrative example of how to apply 
these Tiers. 
 

  High risk /adverse Medium risk /adverse Low to Neutral  

Tier 0 ('no access')  None None 
Health impact X   

Productivity impact X   

Tier 1 At least one Max. one None 
Health impact X X  

Productivity impact X X  

Tier 2 None  Max. one 
Health impact  X X 
Productivity impact  X X 
Tier 3 “Normal” None None  
Health impact   X 
Productivity impact   X 

Table 2 Tiers framework defining different levels of cooling access, based on their impact on health and productivity 

3.4. Quantifying the cooling access gap 
 
Using the Tiers framework, this scoping report documents a first attempt at estimating the access 
gap, providing indicative methodologies and rough approximations with a relatively high error 
margin due to the limitations in data collection, both in terms of data availability and granularity.  
 
The impacts associated with a Tier will differ between buildings, cities, agricultural and medicinal 
cold chain sectors as the productivity risk of people working in a hot building is different from the 
productivity loss for a farmer who loses fresh produce and the associated farming inputs for lack of a 
cold chain. Tiers 0 to 3 are not absolute either, allowing for slight variations in high, medium, and 
low impacts across the three indicators of health, productivity, and climate. 
 
The starting point at a country level is to calculate the upper and lower boundaries of people at risk. 
The base case – Tier 0 – is defined as those people at highest risk with an emphasis on mortality risk. 
This is particularly important for people in countries with average ambient temperatures higher than 
30oC, low income levels and with low levels of access to electricity. The upper boundary – Tier 3 – is 
those that have access to electricity and income levels that give people choices over cooling 
solutions. Between those two boundaries are different levels of risk – Tiers 1 and 2 – where further 
investigation is required at a regional/city/country level to quantify baseline numbers for people 
already in those Tiers. 



 
We have provided calculations for Tiers 0 to 3 for buildings and Tier 0 for cold chains, including 
assumptions and proxies used in Annex D. To illustrate the approach here we have used the country 
of Nigeria, which in 2015 had a population of approximately 183.5 million inhabitants. It is expected 
to have an average mean monthly temp. over 30⁰C for 2020-2039 under a scenario of mostly 
unabated global warming. 
 
3.4.1. Access to cooling gap for buildings (Nigeria) 
 
Access to cooling gap for Tier 0 (no access) 
There are 75 million people in Nigeria without access to electricity of which 18.9 million live in urban 
areas. These urban dwellers are most likely to be at highest risk. There are another 42.4 million 
urban dwellers living below the poverty line, who although they have electricity access, are unlikely 
to be able to afford powering a cooling device. 
 
 A sizable portion of those living without electricity access in rural areas (57 million) will also face 
challenges to access to cooling. Nonetheless, the use of self-build, traditional design could mean part 
of these homes are less prone to heating up as a result of the incorporation passive cooling 
measures, while the absence of the Urban Heat Island effect will result in lower ambient outdoor air 
temperatures.  
 
Access to cooling gap for Tier 1 (limited access but below the poverty line) 
Tier 1 comprise of those with access to electricity assumed to be in the poor category of the 
population. 70% of the population of Nigeria live below the poverty line. This equates to 128.5 
million people. If we assume that 75 million people without access to electricity are also living below 
the poverty line then Tier 1 comprises 53.5 million people. 
 
Access to cooling gap for Tier 2 
Tier 2 involves a population category with a low income (but not considered poor) and with access to 
electricity, thus are able to acquire and maintain a cooling device.  It can be argued that the main 
difference between Tier 2 and Tier 3 is the duration of which the device can be run. If a person can 
only be use a cooling device when needed or in case of emergency such as heatwaves, the person 
would fall under Tier 2. The way we have calculated Tier 2 is to look at the difference in population 
numbers between Tier 3 and Tier1. Population below the poverty line of 128.5 million and a middle-
income population of 3.5 million defining Tier 3. From this we derive a Tier 2 population of 51.5 
million. 
 
 
Access to cooling gap for Tier 3 
Tier 3 is calculated under the assumption that this comprises a population with access to electricity 
and a high enough income to choose to acquire a reasonably but not overly efficient cooling device, 
which they can utilize throughout the day. To simplify the calculation, we have assumed that those 
in the middle-income bracket or higher (1.9% of Nigerian population = 3.5 million people) will have 
access to electricity and the financial possibility to acquire a cooling device even though they might 
choose not to do so due to several reasons such as acclimatization to high temperature or priority of 
other services.  
 
In reality, the number calculated for Tier 2 may also include a portion of the population that can also 
afford to purchase and run a cooling device so the number of people in Tier 3, especially for 
developing countries may be an underestimate. In the case of Nigeria this shows a Tier 0 of around 



75 million people that are at highest risk. For illustrative purposes we have also indicated that 
between the different Tiers there is a strong element of uncertainty given the data with which we 
have had to work. 
 

 
Figure 3: Illustration of how the system of Tiers might apply in Nigeria 

3.4.2. Access to cooling gap for agricultural cold chains -  Tier 0 
 
Approximately 40 million people or 70% of the total labor force work in agriculture – of which as 
many as 28 million people may live below the poverty line. In addition, the country has an estimated 
380.000 (registered) farms. This would suggest an average 105 people employed in agriculture per 
farm. Although there are various stages in the agricultural supply chain that people may work in, 
these numbers do point to a potential underestimation of the total number of farms due to their 
informal nature and/or their use mainly for food self-sufficiency with limited or no sales, therewith 
not being registered as an agricultural holding. 
 
Based on FAO data for the production of crops, meat, dairy and eggs in 2013, the total production 
that requires cooling (assumed to meat, milk, vegetables and fruit) amounts to approximately 16% 
of domestic production in Nigeria. Assuming an equivalent distribution of these perishable food 
items across the total number of farms, over 60,000 farms in Nigeria are expected to have a cold 
chain gap. 
 



To be able to quantify a sub-population in a Tier however, data access gaps remain. Such a 
calculation would require data on the location of production, availability of cold storage for 
producers, vendors, and consumers. Therefore, this report assesses the performance of cold chains 
relative to agricultural production on a country level. 
 
In Nigeria, which experiences average mean monthly temperatures above 30°C, the estimated food 
lost due to the cold chain is estimated at 36.7% of domestic production. This is based on the total 
production of those goods requiring cold storage and transport (FAO 2013) and assumes general 
consistency with regional averages of total production lost to the cold chain.xxxix With a total food 
loss of 9,474,978 tonnes to the cold chain, Nigeria is among the top 5 countries in the world for 
volume of food loss that can be attributed to poor performance of the cold chain.  
 
3.4.3. Access to cooling gap for vaccine cold chains – Tier 0 
 
An estimated 71.2 million people in rural areas, or 39% of the country’s total population have not 
been vaccinated against Diptheria, Tetanus, and Pertussis (whooping cough), (DTP), a good proxy for 
access to the most important vaccinations. This points towards a potentially significant cold chain 
gap for pharmaceutical products, such as vaccines. Because this number includes adults of all ages, 
cold chains in these areas might have improved meanwhile. This means we also need the infant 
vaccination rate to provide a more accurate picture of current vaccination rates. Furthermore, 
although cold chains could be a major reason for having lower levels of vaccination, other reasons 
may also be to blame such as having an inadequate network of clinics with limited rural coverage 
 
Over time more concerted and considerate efforts will be required to collect more granular and 
verified data at country level, which would allow calculations with greater accuracy and reliability for 
(tracking) access to cooling gaps as per the Tiers framework. For the moment, the methodologies as 
described in the annex provide key actors, such as policy makers in government as well as decision 
makers in the non-profit sector with an initial toolkit to help quantify (in particular Tier 0) access 
gaps across their target populations. 
 
 
3.5. Cooling access dividend 
 
3.5.1. Introduction 
 
When stakeholders set a goal of providing and extending sustainable cooling services in line with the 
Tiers, an important question that may arise is how moving people up these Tiers delivers economic, 
social and environmental value to households and (small) businesses. To this end, the concept of a 
cooling access ‘dividend’ is introduced, intended to measure the beneficial outcomes of cooling 
services provided by different levels of cooling access -Tiers- in line with the SDGs. This also allows 
us to estimate the climate related benefits of certain pathways. 
   
By creating a quantifiable approach, the cooling access dividend can help actors such as program 
managers, policy makers, planners, and financiers assess the comparative advantages of (packages 
of) cooling solutions in achieving SDG outcomes. The dividend can also be seen as an estimate of the 
economic, social and environmental benefits that would be lost, or foregone, by not creating such 
access.  
 
Annex B provides an extensive, qualitative tabular overview of how improvements in cooling access 
by sector can deliver beneficial impacts in line with the SDGs.  



 
3.5.2. Methodology 
 
The methodology for developing cooling access dividends by sector (buildings & urban environments 
/ cold chains) revolves around the following steps and core questions: 
• What benefits accrue when households, businesses, and communities get access to cooling?  
• What is known about how these benefits change as cooling access moves from Tier 0 to Tier 3?  
• How do these benefits support the delivery of the SDGs?  
• Can we develop impact pathways that describe how cooling access delivers these development 

impacts? (qualitative description of the cooling dividend) 
• What literature exists that quantifies the economic, social, and environmental benefits 

associated with cooling access? 
• Assess where there is robust data and evidence to quantify a select number of benefits 

identified 
• Calculate the cooling access dividend for one or more select countries with sufficiently robust 

data and considered to be good candidates for expanding cooling access  
 
For illustrative purposes, the table below combines Tables 1 and 2 to provide a more descriptive 
overview of the different Tiers and their associated (reduction in adverse) impacts, as a result of 
which a variety of benefits accrue. 
 

  High risk/adverse Medium risk/adverse Low to Neutral  

Tier 0 – no access Extreme risk 
Health/Productivity     

Tier 1 Extreme risk for 
productivity Medium risk health  

Tier 2  Medium risk to health / 
productivity  

Low-negligible health / 
productivity risk 

Tier 3   Low-negligible health / 
productivity risk 

Table 3 Indicative impact levels (health and productivity) by Tier 

Although the impacts of better cooling access would be felt through wider, macro-level economic 
impacts (country productivity, GDP, economic growth and employment generation) for the moment 
the cooling access dividend would focus mainly on direct and first order indirect, measurable micro-
level impacts, as experienced by households and small businesses, and try to aggregate these 
benefits to the national level for a country. Macro-level impacts would only be considered where the 
quantification of such impacts is quite straightforward as a result of directly being impacted by 
sustainable cooling access, for example the reduction in additional energy generation as a result of 
more efficient cooling to meet future demand. 
 
3.5.3. Indicators for measuring the cooling access dividend 
 
Annex B provides an overview of the different cooling services provided by better access to cooling 
per sector, as well as the associated indicators (‘metrics’) for tracking impacts and SDGs it helps 
achieve. This overview has led to the inclusion of a select number of potential indicators, which can 
provide a starting point to stakeholders for the quantification of the cooling access dividend. This is 
based on both the indicator’s significance for measuring key impacts brought about by gaining 
access to cooling, and the expected availability of data to measure these impacts.  
 



The table below provides a shortlist of selected indicators, the measuring unit, and how each 
indicator can support both the achievement of specific SDGs, as well as the measurement of related 
SDG indicators. As part of such calculations, it can be useful to further distinguish between the 
benefits to populations in rural or urban settings, and between income groups. 
 

Sector Indicator Unit Supports 
achievement of 
SDG 

Supports measurement 
of SDG indicator 

Buildings Mortality from 
heat stress 

Number of 
(vulnerable) people 

SDG 3: Healthy Lives 
SDG 11: Sustainable 
cities and 
communities 

11.5.1 Number of deaths  
affected by disaster per 
100,000 people 

 (Expansion of) 
Power generation 

KWh/TWh SDG 7: Affordable 
Clean Energy 

7.2.1 Renewable energy 
share in total final energy 
consumption 
7.3.1 Energy intensity 
measured in terms of 
primary 
energy and GDP 

     
Urban 
environments 

Urban Heat Island 
effect 

Percentage 
impermeable dark 
surfaces 

SDG 11: Sustainable 
cities and 
communities 

11.a.1 Proportion of 
population living in cities 
that 
implement urban and 
regional development plans 
11.c.1 Proportion of 
financial support to least 
developed countries 
allocated to  
construction and retrofitting 
of sustainable, resilient 
and resource-efficient 
buildings  

 Productivity 
impacts (work 
hour losses) – 
outdoor work 

Percentage annual 
work hour loss 

SDG 1: End Poverty 
SDG 8: Sustainable 
Economic Growth 
and Decent Work 

8.3.1 Proportion of informal 
non-agriculture 
employment 
8.5.1 Average hourly 
earnings  
by occupation 

     
Cold chains – 
fresh produce 

Levels of food 
wastage due to 
lack of cold chain 

Tonnes / percentage SDG 1: End Poverty 
SDG 2: End Hunger 
SDG 12: Sustainable 
Consumption 

2.3.2 Prevalence of 
undernourishment 
12.3.1 Global food loss index 

 Level of access to 
a refrigeration 
device 

Number of 
refrigeration devices / 
capita 

SDG 2: End Hunger 
SDG 3: Healthy Lives 
SDG 7: Affordable 
Clean Energy 

1.4.1 Proportion of 
population with access to 
basic services 
7.3.1 Energy intensity in 
terms of primary energy 

     
Cold chains - 
vaccines 

Level of target 
group vaccinated 

Percent of target 
group 

SDG 3: Healthy Lives 3.b.1 Proportion of 
population with access to 
affordable medicines and 
vaccines  

Table 4 Indicators by sector for inclusion in cooling access dividend calculations 



3.6. Visualizing Tiers and their dividend 
 
Decision makers can use a variety of measures to move people from one Tier to the next. To 
illustrate how Tiers can be used to describe cooling access gaps, as well as the beneficial impacts 
(dividend) that may arise from providing higher levels of cooling access - including how different 
packages of measures can lead to different outcomes in terms of Tiers and benefits - an example is 
provided for Orangi Town, a large slum in the capital of Karachi in Pakistan. 
 
Tier 1 Buildings/Urban Environments – Orangi Town, Pakistan 
 
Situation: 
Orangi Town in Karachi, Pakistan was named in 2016 as the largest slum in the world. Although 
government registration records show Orangi Town to house about 700,000 people, its actual 
population is estimated at 2.4 million residents. Slums in Karachi such as Orangi Town have an 
estimated 75% of its population working in the informal sector, often near their place of residence. 
In addition, in these slums more than 75% of dwellings are considered semi-permanent, often made 
from unplastered concrete block with a tin roof, while having an average of 8 people living under 
their roofs. Nonetheless, most residents do have access to a TV and many have a fridge as well.xl 
 
The area of Orangi Town is known for large-scale illegal tapping of electricity, which according to the 
local utility is a major cause of electricity faults and tripping. Despite an increasing number of 
residents now having a legal connection the electricity grid – in part due to the utility’s drive to 
install ’anti-theft cables’, Orangi Town faces regular power outages and load shedding events9.  A 
2015 heat wave, which had temperatures soaring to 45⁰C, in combination with power blackouts of 
up to 12 to 14 hours a day, led to many avoidable heat-stress deaths in Orangi Town.  
 
Tier classification: 
Residents of Orangi Town with a paid, legal or illegal electricity connection are considered to fall in 
Tier 1 for the following reasons:  
• Their households are assumed to fall in the lower income categories; 
• They are assumed to live in poor quality housing, which heats up quickly;  
• They are considered to have some albeit limited purchasing power for buying a cooling device; 

enough to probably buy a simple fan on credit – not enough to buy an air conditioner; 
• They will be able to run this cooling device for part of the day pending their purchasing power 

and the occurrence of power outages / load shedding; 
• As a result, they have a medium to high health and productivity risk, and pending the electricity 

source a low to medium climate impact, which puts them in Tier 1. However, given that some 
may be stealing electricity if the utility were to enforce connection costs a significant portion of 
the population could be forced into Tier 0 with higher health risks. 

 
 

  High risk/adverse Medium risk/adverse Low to Neutral  
Tier 1    
Health impact X X  

Productivity impact X X  

Table 5 Example of Tier 1 for Orangi Town, Pakistan 

                                                             
9 Load shedding refers to the deliberate shutdown of electric power in a part or parts of a power-distribution 
system, generally to prevent the failure of the entire system when the demand strains the capacity of the 
system 



Tier 1 access gap calculation: 
Based on the assumptions as laid out and with an estimated 75% of slum dwellers in Karachi having 
an electricity connection, albeit often an illegal one, 1.8 million of Orangi Town’s inhabitants are 
expected to fall in the Tier 1 category of cooling access. This number does not account for slum 
inhabitants, who may have a better designed home and/or an above average household income. 
 
Cooling access dividend of moving Tier 1 target group to Tier 2 or higher: 
Moving Tier 1 residents in Orangi Town to a Tier 2 access level or better, could be achieved in 
multiple ways, two examples of which are provided here. Each uses a different package of measures, 
leading to different tiers levels and subsequent benefits: 
 
• Incentive program to switch people from illegal to legal electricity connections, while providing 

rebates for air conditioner purchases, however without simultaneously raising the minimum 
energy performance standards for new AC units 

 
This package of measures would likely result in residents gaining access to low-quality AC units, with 
a high global warming potential and high use of electricity. This could put people in Tier 2, having 
reduced their health and productivity risk but having increased the overall climate risk.  
 
At the same time, although the reduction in illegal connections is expected to improve grid stability, 
the increase in electricity demand from inefficient air conditioners may result in insufficient peak 
demand and a continuation of the practice of load shedding, therewith potentially dropping people 
back to Tier 1 at times when power supply is being interrupted during heat waves. In addition, it is 
expected that people in Tier 2 cannot afford paying the high electricity bills for running an inefficient 
AC around the clock when needed, therewith reducing the efficacy of an AC bringing much desired 
cooling relief.  
 

Service Indicator SDG 
Lower /more comfortable 
indoor air temperatures 

Mortality from heat stress SDG 3, 11 

 Exacerbation of existing health issues due to heat 
 Illnesses and health issues brought on by heat 
 Improvement in general health status 
 Productivity impacts (work hour losses) – indoor work SDG 1,8 
 Income generation impacts – indoor work 
 Productivity impacts – education SDG 4 
 Productivity impacts – at home SDG 3 
Access to basic services Level of access to a cooling device where essential SDG 1, 12 

Table 6 Example of Tier 2 Cooling Access Dividend for Orangi Town, Pakistan 

 
In terms of benefits gained from moving from Tier 1 to Tier 2, the cooling access dividend would 
likely record beneficial increases for the following indicators, to the extent that the electricity grid 
can manage the additional energy load. Negative impact could be recorded for energy and climate 
related indicators. 
 
• Slum upgrade program, focusing on enhancing the passive cooling ability of slum dwellings10, in 

combination with incentives to switch people from illegal to legal electricity connections and a 
rebate / cash back program to purchase or switch to an energy efficient fan  

 
                                                             
10 Examples could be painting roofs and walls white, improving ventilation by adding air vents and grilles, and 
insulating the tin roof with natural materials 



This package of measures would improve the resilience of slum inhabitants, as their dwellings would 
heat up less on hot days, even in the absence of a stable electricity supply to provide powered 
cooling. It would also reduce the remaining cooling load. In addition, efficient fans would contribute 
less to overburdening the local grid thereby reducing the risk of blackouts and thus increasing the 
availability of fan powered cooling. Such a package of measures could lift people from a Tier 1 to Tier 
3 of cooling access, improving both health and productivity while doing so with limited risk to 
climate. 
 
In terms of the cooling access dividend, moving people to a Tier 3 instead of Tier 2 would provide a 
wider spectrum of benefits to both residents and to the city or country, including avoided adverse 
impacts such as a major surge in energy demand and associated carbon and air emissions from 
power generation. Additional benefits would therefore likely include the following:  
  

Service Indicator SDG 
Reduced household 
expenditure on cooling 

Value of savings from more efficient cooling or less cooling 
energy demand 

SDG 1, 10 

Reduced (surge in) energy 
demand 

(Expansion of) Power generation SDG 7 

 Peak demand 
 (Expansion of) Power infrastructure  
 Energy security 
Reduced air pollution from 
energy generation 

Levels of air pollutants (PM, NOx, SOx) SDG 3 

Reduced carbon emissions 
from energy generation 

Levels of CO2-e emissions SDG 7, 13 

Table 7 Example of additional benefits created by aiming for Tier 3 cooling access for Orangi Town, Pakistan 

 
3.7. High impact countries 
 
Based on the country data collected for quantifying the cooling access gap, a first indicative list of 
high potential, or high impact, countries has been compiled by sector. For buildings & urban 
environments, the selected countries have considerable absolute vulnerable population segments 
expected to be at risk of high or extreme heat (Tier 0).  
 
For cold chains, high impact countries have a considerable absolute number of residents being at risk 
or experiencing adverse impacts as a result of a cold chain gap for vaccines or there is a significant 
amount of produce wasted that could be avoided and used to feed the population. For the purposes 
of this list we have not converted the amount of food wasted into a “potential population fed” for 
each country. Rather, we have listed them according to volume of production lost to the cold chain 
(all those above 6 million tonnes) as well as those countries who lose the most food to the cold chain 
relative to production (between 35-45%). For each category we have listed high impact countries 
and made a comparison of the countries to see which countries have multiple problems. This has 
been used to produce the list of Hot Spot countries that require most urgent attention.  
 
For full details of the methodology used, as well as examples of Tier 0, 1, 2, and 3 in high impact 
countries, refer to Annex D.3. Future opportunities exist to further refine and validate these lists of 
high potential countries based on a few comprehensive albeit non-publicly available datasets, if and 
once access to these data can be obtained. Examples include: 
 
• Estimates by the University of Sussex and partners of the Urban Heat Island effect on the annual 

mean temperature for the 1,692 largest cities in the world (2017); 



• Number of room air conditioner and domestic fridges in use by country, including their 
combined direct and indirect carbon emissions impact, with data collected by GIZ’s Green 
Cooling Initiative (2014); and 

• Analysis by the Bill & Melinda gates Foundation on the cold chain equipment status for vaccines, 
based on GAVI data for 134,000 immunization points in 57 countries (2014); 

 
3.7.1. Access to cooling gap – buildings 
 
Where complete data are available, a high impact list of countries with high vulnerable populations 
is generated first by using temperature as a health impact, to include only those countries that 
experience a mean monthly temperature above 30 degrees Celsius and more than 1 annual day with 
dangerous heat (> 35° Celsius).   Those countries are then sorted based on the highest absolute 
numbers of high risk populations (Tier 0), comprised of individuals in those countries without access 
to electricity, and who live below the poverty line. In this context, Tier 0 is defined as those living in a 
country that satisfies those temperature conditions, and who both fall below the poverty line and 
lack access to electricity. When the absolute value of one metric is greater than the other, the lesser 
is used. The analysis produces a high impact list of 29 countries, with the top 10 displayed below. 
 
Country/Territory Mean 

monthly 
temp. 30+ ⁰C 
(2020-2039) 

Annual number of 
days  with 
dangerous heat 
(2020-2039) (> 35◦) 

Population 
(2015) 

Tier 0 Population (No access, below poverty line) 

India Partial (90%) 22 1,309,053,980 269,809,228 

Nigeria Yes 15 183,523,432 75,072,342 

Bangladesh Partial (90%) 36 161,200,886 29,822,164 

Sudan Yes 13 39,613,217 18,618,212 

Mozambique Yes 2 27,121,827 14,103,350 

Niger Yes 16 19,268,380 12,139,079 

Indonesia Yes 2 258,162,113 11,732,158 

Chad Yes 16 13,605,625 10,884,500 

Cameroon Partial (10%) 3 23,393,129 9,837,942 

Philippines Yes 11 101,716,359 8,442,458 
Total for top 29 

   
523,946,518 

Table 8 High potential countries for expanding cooling access in buildings & urban environments 

The analysis reveals, unsurprisingly perhaps, that India has the largest problem in terms of overall 
population. As India strives for 100% electrification, has a growing middle class, and lower incomes 
for whom an air conditioner is a strong aspiration, there is also a hugely significant climate risk 
associated with the provision of cooling solutions that are not climate friendly. 



 
Figure 4: High impact countries for expanding cooling access in buildings & urban environments 

3.7.2. Access to cooling gap – cold chains: food loss 
 
Access to cooling with respect to food loss due to cold chain interruption or breakdown is 
considered in this report as a supply side issue. That is, it assesses the impact of the cold chain on 
the delivery of foods requiring cold storage from farm gate to consumer, or during the processing, 
handling and shipping components of the supply chain. It does not attempt to assess previously and 
well documented issues pertaining to malnutrition, stunting, and mortality due to lack of food.  
 
To determine a high impact list of countries, a risk-based approach was taken to the supply of food 
requiring cold storage for both health and productivity impacts. For human health, high adverse 
impacts are considered to be either a significant volume of food spoilage or a significant rate of 
domestic production spoiled relative to country-level peers. For human productivity, a high risk of 
adverse impacts requires the above two conditions to be met, and for a country to have at minimum 
a partial mean monthly temperature above 30 ⁰C. 
 
Countries are not considered to be high impact for any reason if their temperatures do not at least 
partially average above 30 degrees, if the cold chains perform well, or income is high enough to 
imply the ability to make different choices about supply.  
 
The analysis produces an indicative list of 28 high impact countries, with the top 10 listed over.  
 

Country/Territory Total food loss to Cold Chain 
(Tonnes) 

Percentage of total 
production lost to 
food chain 

Per capita Total food 
loss (Tonnes per 

capita) 

China 214,447,350 23.3% 0.16 
India 63,127,010 17.9% 0.05 
Brazil 18,615,190 17.3% 0.09 
Iran, Islamic Rep. 16,770,984 38.1% 0.21 
Egypt, Arab Rep. 14,449,440 37.7% 0.15 
Nigeria 9,474,978 36.7% 0.05 
Pakistan 9,338,265 17.4% 0.05 
Indonesia 8,596,810 21.9% 0.03 

High Impact Countries
Buildings and Urban Environment



Vietnam 6,970,975 21.7% 0.08 
Algeria 6,577,553 43.9% 0.16 
Philippines 6,414,960 22.5% 0.06 
Total for top 28 410,223,786 18.9% 0.09 

Table 9 High potential countries for expanding cooling access in fresh produce cold chains 

China comes out on top due to the relatively high population, with India’s cold chain for food 
performing slightly better than China at a rate of 17.9% loss vs. 23.3%. Iran, Egypt, and Nigeria are 
seen to have acute issues with both a volume loss above 6 million tonnes and over 35% of domestic 
production lost to the cold chain. 
 

 
Figure 5: High impact countries for expanding access to cooling - cold chains: food loss 

 
3.7.3. Access to cooling gap –cold chains: vaccines 
 
In order to determine the penetration of vaccine cold chains, a risk-based approach based on the 
distance of a health post from its primary distribution source of vaccine has been applied. We 
assume that the further away one is to the primary distribution source, the higher the risk is to 
receive impotent and or invalid vaccines if there is no fully functioning and continuous cold chain 
present. 
 
In addition to the distribution of vaccine, temperature and income level are use as indicators of 
adverse impacts that contribute to heath and productivity. For health, high adverse impacts are 
considered through national and sub-national vaccination rates, in addition to number of days with 
dangerous heat. For productivity, high temperature and income are considered. 
 
Due to a lack of data on the remoteness and distribution distance of the vaccine stores and health 
centers, vaccination rate at the national, urban and rural level were used as proxies.  However, only 
data for DTP, a combination of the vaccines Diphtheria, Pertussis (whooping cough), and Tetanus, 
was available at the subnational level. Data was cross-referenced with WHO’s 2016 vaccination rate 
as a % of target group. This was used as a proxy to estimate the efficacity of the cold chain in 
reaching its target.  
 
The analysis produced an indicative list of 21 high impact countries, with the top 10 listed below: 
 



Country Mean monthly temperature 
<30+ ⁰C 

% of WHO’s target 
group vaccinated 

Total rural 
population 
Unvaccinated (Tier 0)  

India Partial (90%) 85.50% 438,428,280 
Nigeria Yes Data not available 71,206,101 
Pakistan Partial (75%) 90.00% 46,044,224 
Philippines Yes 73.30% 8,883,336 
Brazil Partial (20%) 87.80% 6,985,143 
Iraq Partial (50%) 71.40% 4,608,762 
Thailand Yes Data not available 2,316,897 
Peru Partial (10%) 89.40% 1,503,369 
Paraguay Partial (10%) 82.30% 1,159,382 
Gabon Yes 78.90% 140,759 
Total for top 21   581,684,631 

Table 10 High potential countries for expanding cooling access in vaccine cold chains 

The show India with the largest rural population at risk, with Nigeria and Pakistan having similar 
issues in terms of proportion of their rural populations not vaccinated.  
 

 
Figure 6: High impact countries for expanding access to cooling - cold chains: vaccines 

 
3.7.4. List of highest priority countries: the “Hot Spots” 
 
Annex D3 shows the Tier 0 access gaps for the top 30 countries. As temperature is a key driver we 
have focused, initially, on countries with dangerous levels of heat. For buildings we have taken a cut-
off as countries that at least partially average a temperature above 30 degrees Celsius and have 
more than one day of dangerous heat for 2020-239. For vaccines we have taken vaccination rates as 
a proxy. For agriculture we have looked at post-harvest food losses to the cold chain. We readily 
admit these are a little rough and ready, and will need refinement but they give initial headline 
figures for the populations most at risk. 
 
Incidences of countries in each grouping have allowed us to establish a shortlist of countries that 
require much further attention and which would appear to be the most urgent countries in need of 
cooling access action plans. They are: India, Nigeria, Philippines, Guinea, Benin, and Guinea-Bissau. It 



also allows the identification of serious multi-sector risks in highly populous countries such as Brazil, 
Pakistan, and Indonesia. 
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4. Tackling the Access to Cooling gap 
 
This section provides an overview of how we can start addressing cooling access through a system’s 
approach, build sectoral pathways, and tackle barriers that prevent people from gaining such access. 
 
4.1. Rethinking our approach to cooling provision 
 
At least a billion people are still lacking access to electricity, and the number of people lacking good 
quality, reliable energy access when they need it most11 is even larger. Moreover, more than a billion 
people are estimated to live in extreme poverty.  This points to a large number of people potentially 
lacking access to cooling to maintain thermal comfort in their homes and/or to safely store 
temperature-sensitive food and medicines. In addition, many work places, schools, hospitals, and 
other non-residential buildings don’t have adequate levels of cooling, while insufficient and 
interrupted cold chains lead to considerable, avoidable food and medicines losses as well as loss of 
life. Our numbers suggest that there are around 5-600 million people at highest risk in the top 30 
countries exposed to dangerous levels of heat. This is due a combination of high temperatures, 
inadequate provision of cooling options and inadequate cold chains for vaccines. We also estimate 
the top 30 countries for food losses due to inadequate cold chains results in over 400million tons of 
food being wasted per year. 
 
This means there is a real urgency to rethink how to provide sustainable cooling services to a 
growing and urbanizing world population, which is increasingly living in hot climates. Rather than 
merely extrapolating the current situation to the future, which would focus heavily on making 
cooling appliances more energy efficient while expanding electricity generation to meet demand as 
well as rolling out (grid or solar) energy access programs, this points to a clear need to think more 
systematically. To start we must determine:  which cooling services need to be provided in order to 
address the risks outlined earlier in this report and help meet the Sustainable Development Goals 
(SDGs); what is the volume and diversity of demand; how do we best go about delivering them? 
 
This way we can come up with a hierarchy of cooling solutions, and a pathway to achieve the desired 
outcomes. One that addresses both rapidly surging near-future cooling needs and the need to 
quickly expand access to cooling for those considered at the Base of the Pyramid12, while 
simultaneously working towards enacting longer term transformational change for how we 
approach and address cooling demands.  
 
This is particularly important considering that in the next two decades, the equivalent of 60% of the 
world’s current building stock will be built and rebuilt as the world becomes increasingly urbanized. 
This points towards large scale expansions and moderations of the current urban landscape as well 
as a shift from rural to urban lifestyles. Considerable opportunity exists to get cooling ‘right’, or 
instead lock cities, buildings and citizens into the adverse effects of urban heat islands, inadequate 
cold chains, and surging energy consumption in a warming climate.  
 
4.2. Building blocks for a cooling access pathway 
 

                                                             
11 Communities which are connected to the grid, however only receive electricity for a few hours a day – for 
example at hours when demand is relatively low therewith making electricity more abundantly available, such 
as at mid-day and after midnight – are generally considered to have ‘access to energy’, however may not have 
reliable quality access to energy. 
12 Referring to the approx. 2.7 billion people, who live on less than $2.50 a day 



B building blocks for pathways for expanding cooling access will have to incorporate solutions to at 
least the following four challenges, representing a hierarchy in dealing with cooling demand: xli  
• How to reduce the cold load or cooling work required, as well as the energy required for cooling;  
• What are pragmatic approaches for rapidly expanding cooling for lower-income households and 

small entrepreneurs where such can access can provide considerable SDG benefits; 
• How do we subsequently move towards a more systematic and holistic approach to meeting 

cooling needs including due consideration of the enabling environment; and  
• How do switch remaining cooling loads to sustainable energy sources? 
 
An initial challenge for moving in this direction is to get people to think in terms of systems rather 
than simply the use of best available technologies; and to help them build up the capacity and 
mindset over time for applying a different reference frame. This calls for sectoral roadmaps that 
enable that transition at various fronts through a suite of shorter and longer-term actions. The 
timing of actions will be critical and recommendations should instill in key stakeholders a sense of 
urgency to act. Nonetheless, short-term actions should not foreclose or obstruct longer-term 
transformational change. 
 
4.3. Sectoral guidance 
 
Although the building blocks approach is relevant for each sector covered in the report, differences 
will exist between sectors in terms of the specific steps to be taken and their sequence. High-level 
sectoral guidance is provided below for buildings, cities, and cold chains to help inform the 
compilation of sustainable cooling access pathways. 
 
4.3.1. Cooling of buildings  
 
A cooling pathway for buildings would point towards action on several fronts through: 
1. First, quickly raising the bar on AC minimum efficiency to create near-term CO2-e impact;  
2. Rapidly expanding low-tech/low-cost solutions for those considered to be at the Base of the 

Pyramid and lacking access to cooling, to aggregate beneficial socio-economic and health 
impacts in line with the Sustainable Development Goals; and  

3. Eventually transforming thinking about how we meet people’s cooling needs as they move up 
the cooling ladder – by minimizing cooling needs in the first place through measures such as 
good building design and thereafter by meeting the remaining cooling needs in the least 
harmful, most affordable and efficient manner.  

 
4.3.2. Cooling of urban environments 
 
Going forward there are also multiple areas to prioritize when acting on enhancing cooling in urban 
areas, which include the following:  
1. Mandatory triggers for new urban developments and major re-developments, ensuring that 

planning, zoning, and building regulations incorporate requirements that prevent or reduce the 
urban heat island effect; 

2. Extending incentives and promoting market or public-sector models, that encourage and 
facilitate public and private sector parties to 1) apply cooling solutions such as cool roofs to the 
existing urban environment, as well as 2) to go beyond the minimum requirements for urban 
heat island mitigation for new developments; 

3. Dealing with the ‘here and now’ by developing and implementing heat stress management plans 
to protect vulnerable population groups during extremely hot weather; 



4. ‘Leading by example’, with city governments applying cooling solutions, such as cool pavements 
and increased vegetation, to urban areas under their direct control – including roads, public 
parking lots, public greenery, and to public buildings; as well as actively using urban density and 
form to enhance natural ventilation and cooling; and 

5. Tapping into opportunities to provide more efficient cooling energy at the city or district level to 
supply to individual cooling systems such as building air conditioners, including the beneficial use 
of residual and free cold supplies available in the city. 

 
This approach can reduce urban temperatures, as well as reduce the cooling work and electricity 
supply required to cool buildings, vehicles and other structures in the city. Cities are therewith in a 
unique position, through both their considerable building stock and the surrounding urban fabric, to 
help enact a transition to more sustainable cooling pathways for the world’s growing urban 
population. 
 
4.3.3. Cooling for cold chains 
 
In order to help reduce food losses and spoiled or degraded medicines, such as vaccines, as a result 
of insufficient cooling, key directions for expanding cooling access in the cold chain point to a focus 
on: 
1. Establishing uninterrupted cold chains for temperature-sensitive food and medicines, as any 

disruption or break-down in the chain can quickly lead to damages and loss of the products that 
needs to be kept cool;  

2. Rapidly expanding off-grid and non-fossil fuel powered storage and transport cooling solutions, 
to extend the many socio-economic and environmental benefits of enhanced cooling to all; 

3. Pro-actively promoting R&D and innovation in cold chain solutions for those links in the chain:  
• which are highly energy intensive, to explore and scale up alternative, more efficient 

solutions such as liquid air; 
• that are most vulnerable to disruption or may even suffer from an absence of reliable 

solutions, for example in last-mile delivery of vaccines in remote areas; 
 
Without such actions, many developing countries may struggle to provide their growing population 
with adequate food and medicines while wasting considerable resources on avoidable losses. 
 
4.4. Bridging the gap: cooling access barriers and how to overcome them 
 
Despite the best efforts as well as the great potential of various cooling solutions already on the 
market, efforts to enact the sectoral pathways as laid out in section 4.3. are likely to run into a 
number of persistent and/or systemic barriers. These barriers may be financial, technical, economic, 
institutional, cultural, market, or perceptual-behavioral. 
 
Barriers vary in importance between countries and regions. For example, awareness and technical 
barriers are likely to play a bigger role in markets where the market around energy/cooling efficiency 
solutions is less developed, whereas market and finance barriers are likely to be the biggest 
challenges in markets that have more experience pursuing energy/cooling efficiency opportunities.xlii 
 
A summary of frequently cited barriers is provided below, including an indication of to which sectors 
each barrier commonly applies. This is followed by concise guidance - using the example of Orangi 
Town, Pakistan - on how such barriers could be overcome. xliii, xliv, xlv 
 



4.4.1. Summary of cooling access barriers 
 

Type Sector13        Summary of barrier 

Market B/CC • Insufficient government policies and regulations, resulting in market 
inefficiencies as well as cooling energy consumption not being considered a key 
issue by suppliers - for example, lax Minimum Energy Performance Standards 
for ACs and refrigeration allow relatively inefficient appliances to be sold into 
the market 

B • AC manufacturers considering a push for cooling solutions away from further 
AC uptake as a threat to their existence and business model 

B/CC • Lock-in to current and potentially inefficient cooling solutions, which have not 
reached end of life,  reducing the urgency to replace them  

B/CC • Low (subsidized) cost of electricity, with energy costs accounting for only a 
small percentage of overall business costs or household expenditure 

B • Split incentives between landlords and tenants, where landlords have little 
incentive to reduce the cooling demand of their buildings or install more efficient 
cooling solutions, since tenants get to reap most of the financial benefits of such 
an upgrade/retrofit 

B/CC • Immature state of the industry at location to roll out business models such as 
ESCO, PAYG, and cooling as s service; or to offer innovative cooling solutions 

B/CC • Dispersed and diffuse market structure with demand scattered across many 
locations and with a plethora of small end-users  

 B/CC • Limited availability of tailored cooling solutions specifically focused on Base of 
the Pyramid consumers 

Financial B/UE/CC • Real or perceived high upfront costs for sustainable cooling solutions, such as 
passive cooling design features and more efficient cooling appliances 

B/CC • Access to private capital for entrepreneurs/SMEs, as capital providers will 
generally have had limited exposure to investing in models that provide 
sustainable cooling solutions, esp. if Base of Pyramid focused, therewith 
considering the risks of lending high and/or looking for short payback times 

B/UE/CC • Unproven commercial viability in some markets of certain technical or business 
model cooling solutions, such as district cooling or PAYG/ESCO, potentially in 
combination with high initial capital costs and early stage development risks 

B/UE/CC • For small end-users, a lack of own funds and (access to external finance 

B/UE/CC • Lack of government capital, as sustainable cooling solutions may have to be 
borne (cities) or financially incentivized (buildings/cold chains) by local 
governments 

B/UE/CC • Lack of finance mechanisms tailored towards providing cooling access to Base 
of the Pyramid consumers 

Technical B/UE • Lock-in to existing building and urban designs and patterns, which can make it 
challenging to integrate (passive) cooling solutions within existing structures 

B/UE • Lack of awareness of how to best approach the design or retrofit of buildings and 
urban space to integrate and optimize sustainable cooling design measures 

B/CC • Lack of affordable, energy efficient cooling technologies (or know-how) suited 
to local conditions and Base of Pyramid consumers 

 B/UE/CC • Lack of suitable off-grid / no electricity cooling solutions tailored towards Base 
of Pyramid consumers 

                                                             
13 B = Buildings; UE = Urban Environments; CC = Cold Chains 



 B/CC • Insufficient capacity to develop and implement a service, maintenance, and 
repair network 

 B/CC • Inability of local firms to achieve sufficient uptake of products & services for 
reaching economies of scale  

Awareness B/CC • Lack of awareness of the hidden cost of high cooling energy demand, and the 
role cooling appliances plays in terms of CO2-e emissions; 

B/UE/CC • Lack of awareness by policy makers, industry, donor community around the 
scale of the issue and options to address it 

UE • Lack of awareness of the urban heat island effect and its impact 
B/UE/CC • Lack of data on cooling demand and consumption, and misperceptions around 

the (in)ability of actors such as building owners and cities to address cooling 
B/UE/CC • Limited penetration of certain modern media channels (in combination with 

literacy rates) amongst lowest-income groups to effectively reach them 
B/CC • Lack of sufficient information and understanding on the part of 

consumers/asset owners to make sound consumption and investment 
decisions 

B/UE/CC • Lack of information about the performance of cooling solutions, including 
performance benchmarks 

Institutional B/UE/CC • Lack of capacity of local authorities to enact and implement new policies, 
programs and regulations, as well as to build, refurbish and/or maintain 
appropriate cooling infrastructure 

B/UE • Insufficient or ineffective zoning and regulations to ensure appropriate building 
and urban design for cooling 

B/UE/CC • Limited collaboration between government and the private sector through 
public-private partnerships 

B/UE/CC • Limited collaboration between government and non-profit ‘self-help’ 
organizations as a means of more effectively reaching the poor 

B/UE/CC • Limited inter-departmental and inter-agency coordination to ensure policy 
coherence for tackling cooling access 

 
Table 11 Summary of barriers for expanding sustainable cooling access 

4.4.2. Overcoming barriers to cooling access 
 
A solutions package for enhancing access to cooling in target markets can be designed to: 
• target key barriers to sustainable cooling access;  
• bridge the cooling access gap (between the current status and the potential for greater access) 

by addressing these barriers; and  
• scale up cooling access solutions and investment.  
 
An effective (policy) package will build on an analysis of the current situation and barriers in a 
particular market and sector, and should be targeted at specific intervention points. 
 
Section 6.1. maps options for moving people from one Tier to the next, providing a general 
indication of how certain cooling solution packages – such as e.g. cool roofs and trees, and related 
policy incentives - could be used to create greater cooling access. While general guidance can be 
provided as to which measures may work well to promote uptake, decision makers have to be 
cognizant of the specific barriers preventing greater access to cooling in their market and tailor their 
approach accordingly.   
 
To this end, an example is provided below to illustrate how actors such as policy makers could 
formulate a response, that helps to effectively target and overcome local barriers impeding 
enhanced cooling access and the benefits (foregone) that would arise from it.  



 
Using once more the case of Orangi Town, a large slum area in Karachi, Pakistan, as covered in 
section 3.6., key barriers for local government for moving its Tier 1 target group with a cooling 
access gap for buildings / urban environments to Tier 3 may include the following: 
 

Type        Barrier 

Market • Dispersed and diffuse market structure with demand scattered across many locations and 
with a plethora of small end-users  

 • Limited availability of tailored cooling solutions specifically focused on Base of the 
Pyramid consumers 

 • Real or perceived high upfront costs for sustainable cooling solutions, such as passive 
cooling design features and more efficient cooling appliances 

Finance • For small end-users, a lack of (access to external) finance 

 • Lack of government capital, as sustainable cooling solutions may have to borne (cities) 
or financially incentivized (buildings/cold chains) by local governments 

 • Lack of finance mechanisms tailored towards providing cooling access to Base of the 
Pyramid consumers 

Technical • Lock-in to existing building and urban designs and patterns, which can make it challenging 
to integrate (passive) cooling solutions within existing structures 

 • Lack of awareness of how to best approach the design or retrofit of buildings and urban 
space to integrate and optimize sustainable cooling design measures 

Awareness • Limited penetration of certain modern media channels (in combination with literacy 
rates) amongst lowest-income groups to effectively reach them 

 • Lack of sufficient information and understanding on the part of consumers/asset owners 
to make sound consumption and investment decisions 

Institutional • Insufficient or ineffective zoning and regulations to ensure appropriate building and 
urban design for cooling 

 • Limited collaboration between government and non-profit ‘self-help’ organizations as a 
means of more effectively reaching the poor 

Table 12 Overview of potential barriers faced by Orangi Town, Pakistan for providing sustainable cooling access 

To overcome these barriers, the local Karachi government could act on the following fronts, with 
each action pointing towards one or more examples of successful approaches as described in Annex 
E to I: 
• Creating awareness and information campaigns that can disseminate knowledge through 

suitable channels, which reach both literate and illiterate residents – an example being provided 
by Ahmedabad’s Heat Action Plan in Annex F.1.; 

• Attracting external finance for municipal programs through mechanisms such as social impact 
bonds, covered in Annex I.2; 

• Introducing better regulations around urban density and form, as shown by the Dhaka 
Metropolitan Building Construction Act covered in Annex F.1.; 

• Introducing financial or non-financial incentives and harnessing volunteer support to increase 
vegetation cover and ‘cool’ (white) surfaces in target areas, examples being provided by the 
Ahmedabad local government in India (Annex F.1.) and by many municipal governments around 
the world as detailed in Annex F.2.; 

• Through public-private partnerships, developing a slum improvement program that helps 
improve the quality of existing homes, with examples provided by the Morar Carioca slum 



improvement program in Brazil in Annex E.2. and the Mahila Housing Trust in India covered in 
Annex E.2.; 

• Using large scale public procurement to drive down cost and increase the efficiency of fans, 
similar to Super-ESCO EESL in India covered in Annex E.1., therewith increasing availability and 
affordability of these products; and 

• Partnering with social impact enterprises and microcredit institutions to make efficient fans 
more easily available to the target population, as shown by examples from Project Dharma, 
Boond and Frontier Markets in India, and by the Power Africa: Beyond the Grid Fund for Zambia, 
which supports energy access enterprises using a social impact procurement approach, both 
covered in Annex E.2. 

  



5. What is already being done? 
 
This section looks at the variety of different initiatives and programs that are underway or have been 
completed together with an analysis of key findings. 
 
5.1. Supporting initiatives and programs  
 
A variety of programs and initiatives already exist, which have at least a partial focus on cooling. 
Although the cooling landscape is much less diverse and broad than the plethora of initiatives that 
can be identified within the energy efficiency field, numerous organizations have recognized the 
need for more sustainable cooling solutions, whether through a focus on making current solutions 
more energy efficient or by expanding access to cooling.   
 
A brief overview is provided of current initiatives and programs as identified, their purpose and the 
implementing organization. A more detailed overview including geographical scope, budget, 
timelines, funding, and main activities is available in Annex J. In addition, first findings are provided 
based on an analysis of the collected data, which gives an indication of the state of play for non-
profit and ODA driven efforts towards enhancing sustainable (access to) cooling. 
 
The overview does not yet include initiatives that have recently or will soon be kicked off as a result 
of funding support provided under KCEP Windows One and Two, or proposed initiatives that are still 
in the process of fundraising such as the proposal by Rocky Mountain Institute to fund an extreme 
efficiency AC prize. Once better insight in the scope of this range of emerging (KCEP funded) projects 
has been gained, they will be analyzed for how -and whether- they address cooling access in 
addition and beyond the coverage provided by existing initiatives. 
 
5.1.1. Cooling of buildings 
 
Multiple initiatives and programs with a specific or partial building focus has been identified, the 
most important of which are being mentioned below. Many of the efforts specifically targeting the 
buildings and/or the related appliance sector focus on improving the energy efficiency of cooling 
appliances, such as ACs and chillers. A select few focus on the overall ‘greening’ of building stock, of 
which cooling loads form an important part in warm climates.  
 
Initiatives with an asterix (*) are also relevant to cold chains, in most cases through their combined 
focus on both air conditioning and refrigeration, and are not mentioned again under the cold chains 
section. 
 

Initiative or program Implementer Purpose 
Green Cooling Initiative* GIZ Promoting technology transfer and networking 

between experts to supports dissemination of 
sustainable AC and refrigeration technologies 

Green Chillers NAMA* 
project – Indonesia 

GIZ Develop a nationally appropriate mitigation action 
(NAMA) for the refrigeration and air-conditioning 
industry, advising on policy and funding, and 
showcasing the use of green cooling 

Green Cooling Africa 
Initiative* 

GIZ / Germany 
Enviro. Ministry 

Enable Ghana, Kenya, Mauritius and Namibia to 
develop a clear understanding on how the cooling 
sector contributes to their national energy 
consumption and total GHG emissions and where 
appropriate policy measures are required 



United for Efficiency* UNEP & partners 
(SEforALL 
Accelerator) 

Encouraging countries to implement an integrated 
policy approach through energy-efficient products 
such as air conditioners to bring about sustainable and 
cost-effective transformation 

ASEAN Shine - Air 
conditioning program 

UNEP (United for 
Efficiency) & 
partners 

Public-private partnership which aims to support the 
establishment of the ASEAN Economic Community by 
removing non-tariff barriers to trade through 
harmonization of AC product standards 

Super-efficient Equipment 
and Appliance Deployment 
(SEAD) Initiative* 

Clean Energy 
Ministerial 

Voluntary collaboration among governments working 
to promote the manufacture, purchase, and use of 
energy-efficient appliances, lighting, and equipment 

Advanced Cooling (AC) 
Campaign*  

Clean Energy 
Ministerial 

Challenging governments and industry to develop and 
deploy at scale super-efficient, smart, climate friendly 
and affordable cooling technologies 

Global Best Practices 
program / Room Air 
Conditioners 

CLASP Supporting the design and implementation of room air 
conditioner energy efficiency policies and related 
initiatives 

Renewable Thermal 
Collaborative* 

Renewable 
Energy Buyers 
Alliance (REBA) 

Coalition for U.S. based organizations that are 
committed to scaling up renewable heating and 
cooling at their facilities and dramatically cutting 
carbon emissions  

Off-Grid Appliance 
program* 

Global LEAP Portfolio of activities to enhance uptake of quality off-
grid appliances in developing & emerging markets 

Off-Grid Fan Competition Global LEAP The 2016-17 Global LEAP Awards included the first-
ever off-grid fan competition, aiming to help capture 
their potential to unlock economic and social progress 

Off-Grid Appliance 
Procurement Incentives 
program*  

Global LEAP Provides incentives to appliance manufacturers and 
off-grid solar distributors that partner to distribute 
large quantities of best-in-class appliances 

Off-Grid Appliance Data 
Platform* 

Global LEAP To fill information gaps in the off-grid appliance 
market, Global LEAP is developing a data-rich, 
interactive platform that will aggregate and share a 
wide range of appliance product performance and 
market data 

Green Building Certification 
Schemes (LEED, BREEAM, 
BEAM, Green Star etc) 

Green Building 
Councils 
worldwide 

National or global green building certification schemes 
that incentive building designers to incorporate more 
sustainable (cooling and other) solutions in their 
building designs 

 
Passive House standard 

Passivhaus 
Institut / Passive 
House Institute 

Rigorous, voluntary standard for energy efficiency in a 
building, resulting in ultra-low energy buildings that 
require little energy for space heating or cooling 

Table 13 Indicative overview of initiatives and programs with a link to cooling in buildings 

 
5.1.2. Cooling of urban environments 
 
Few initiatives exist with a focus on urban environments to curb the urban heat island effect or 
provide more efficient cooling at district scale. No initiative exists that has strong participation from 
cities in developing and emerging countries. 
 

Initiative or program Implementer Purpose 
Global Cool Cities Alliance GCCA Working with cities and other stakeholders in the U.S. 

and beyond to reduce urban heat islands and promote 
cool surfaces 



Cool Cities Network GCCA and C40 C40’s 14 CCN cities work together with technical 
experts to design, implement, and measure solutions 
that help lower urban temperatures 

District Energy in Cities 
Initiative 

UN Environment 
& partners 
(SEforALL 
Accelerator) 

Multi-stakeholder partnership, supporting local and 
national governments to accelerate investment in 
district energy systems incl. district cooling. This 
includesraising awareness, sharing best practices, and 
providing technical assistance to cities. 

Rising Temperatures, Deadly 
Threat 

NRDC Preparing communities in India for extreme heat 
events, particularly through the development of heat 
action plans 

Green District14 Certification 
Schemes (LEED, BREEAM, 
BEAM, Green Star etc) 

Green Building 
Councils 
worldwide 

National or global green building and district 
certification schemes incentivizing building and urban 
designers to incorporate solutions such as cool roofs 
and cool pavements in their designs 

Table 14 Indicative overview of initiatives and programs with a link to cooling in urban environments 

 
5.1.3. Cooling for cold chains 
 
A number of programs exist to address agricultural losses, improve vaccination programs, and tackle 
cold chain logistics challenges. Nonetheless, many developing countries hardly have any cold chain 
to speak of. Emerging initiatives therefore also focus on off-grid cold chains and cooling appliances 
as a way to increase cooling access. 
 

Initiative or program Implementer Purpose 
Global Cold Chain Alliance World Food 

Logistics 
Organization 
(WFLO) & partners 

Committed to building and strengthening the 
temperature-controlled supply chain around the 
world. As part of that mission, GCCA provides 
specialized cold chain advisory services to 
government agencies, organizations, and associations  

One million tons of cold 
storage initiative 

AGRA The initiative will see African farmers reduce on 
wasted resources while increasing returns on 
investment as result of proper storage facilities for 
the perishables. The initiative would allow farmers to 
have greater flexibility in what they grow and in 
when they decide to bring their produce to the 
market 

SAVE FOOD: Global 
Initiative on Food Loss and 
Waste Reduction 

UN Food and 
Agriculture 
Organization (FAO) 

Reduction of post-harvest losses in horticultural 
chains in SAARC Countries through low cost, high 
impact solutions for improving the quality and shelf-
life of fresh produce in local markets: bananas, 
cauliflower, mandarins, mangoes, snap beans, 
tomatoes 

Archer Daniel Midlands 
Institute for the Prevention 
of Postharvest Loss 

University of Illinois International information and technology hub for 
evaluating, creating and disseminating economically 
viable technologies, practices, and systems that 
reduce postharvest losses of commodities, including 
rice, wheat, maize, and oilseeds. 

Project Last Mile Coca Cola & 
partners incl. 
International 

Provides supply-chain management and marketing 
expertise to help governments and health systems 

                                                             
14 Such as LEED for Neighborhood Development; BREEAM Communities; BEAM Plus Neighbourhood; Green 
Star Communities 



Climate Initiative 
(IKI) - Germany 

deliver life-saving medicines and supplies to hard-to-
reach communities across Africa 

Off-Grid Refrigerator 
Competition 

Global LEAP The 2016-17 Global LEAP Awards included the first-
ever off-grid refrigerator competition, aiming to help 
capture their potential to unlock economic and social 
progress 

Low-Energy Inclusive 
Appliances 

CLASP Research and innovation program that aims to 
double the efficiency and halve the cost of a four 
appliance products incl. refrigerators that are well-
suited for energy access contexts 

Off-Grid Cold Chain 
Challenge  

CLASP / Energy 4 
Impact 

Global competition to stimulate use of off-grid 
energy to deploy cold chain infrastructure for small 
holders and market retailers allowing them to better 
commercialize their agricultural produce 

GAVI’s Cold Chain 
Equipment (CCE) 
Optimisation Platform 

GAVI The platform will help countries modernize cold 
chains with high-performing equipment – a vital 
building block towards delivering vaccines more 
equitably, the full length of the cold chain. 

The Programs for 
Appropriate Technologies in 
Health’s Center for Vaccine 
Innovation and Access 
(PATH - CVIA)  

PATH Works for developing and delivering affordable 
vaccines to improve global health 

Clinton Health Access 
Initiative 

CHAI  CHAI aims to ensure more children are protected 
from vaccine-preventable diseases by increasing the 
speed and efficiency with which new vaccines are 
introduced, improving vaccines cold chain and 
logistics systems, enhancing immunization strategy, 
and negotiating lower prices for vaccines and related 
equipment. 

The Cold Economy Birmingham 
Commission on Cold 

Joint research project and commission, collecting the 
evidence base for a global clean cold economy and 
how to get there, with a strong focus on cold chains 

Table 15 Indicative overview of initiatives and programs with a link to cooling in cold chains 

 
5.2. Initial findings  
 
The mapping described above has identified around 40 initiatives with a link to cooling.  High level 
analysis of collected data points towards the following findings:  
 
Implementation:  
• The majority of the initiatives and program are implemented by government bodies such as the 

German development cooperation agency GIZ and international organizations such as FAO; 
• Grass-root organizations or civil society organizations are so far absent from the overview: this 

could point to a somewhat top-down dominated scene whereby large international 
organizations and development cooperation bodies are the main actors initiating initiatives that 
address cooling; 

• There are many alliances and collaboration of various institutional and non-profit parties, often 
with the aim of promoting and incentivizing new or more efficient technologies and related 
policies; 

• A number of public-private collaborations or business coalitions have sprung up, providing a 
platform for exchange of best practices, joint R&D and pushing a joint agenda; 



• Most initiatives work with local government partners at various levels; there are very few efforts 
focused on supporting local SMEs and business models for providing cooling. 

 
Gaps:  
• None of the initiatives have an explicit focus on providing cooling solutions for challenging 

(urban) environments such as slums or refugee camps; 
• Incentivizing, supporting, and accelerating private sector development and the accompanying 

policies, business models, and finance solutions receives very limited attention; 
• There is a strong focus amongst the identified initiatives on cooling appliances (mostly 

refrigeration and air conditioners); other solutions towards providing efficient cooling receive 
relatively limited attention; 

• Few organizations have a core program which focuses solely on cooling (such as Refrigerant, 
Naturally!; or the Green Cooling Initiative). Most implementing parties have a relatively small 
initiative or program, as part of their larger portfolio of activities, that focuses on cooling 
appliances or on the cold chain (e.g. delivery of vaccines or food storage). Cooling does not play 
a very prominent role in their stated objectives/mission;  

• A few initiatives have pledged/announced specific efforts and programs in recent years, with so 
far limited traces of their actual implementation, for example The One Million tons of Cold 
Storage Initiative, launched in 2016 on the sideline of the World Economic Forum in Africa; 

• The lack of follow-up and updates on some of the initiatives may point towards cooling still 
receiving limited attention from key actors and not yet being considered a development priority. 

 
Funding and finance: 
• Since 2000, an estimated US$886.5 million has been granted to the identified programs and 

initiatives in the cold chain, urban environment and building sectors – not all of which goes 
directly towards cooling however the aggregated data as available do not always allow for a 
detailed breakdown of finance flows; 

• Cold chains: approximately US$610.5 million has gone to this sector  
o At least at least US$380 million has been provided by the Bill and Melinda Gates Foundation 

towards sustainable food storage in Africa (AGRA) 
o US$205 million has gone towards better vaccine storage and delivery, through the 

international NGOs GAVI, PATH and the private-public-partnership project Last Mile  
o Another US$15.5 million has been invested in research, and implementation of cooling 

efficient technologies through initiatives like Green Chillers and the CryoHub   
• Urban environment: almost US$ 35 million has gone to this sector  

o Over US$21.5 million has been awarded towards helping cities deal with climate change, of 
which at least US$5 million directly towards reducing urban heat through the Global Cool 
Cities Alliance and C40’s Cool Cities Network 

o The District Energy in Cities Initiative has devoted over US$13 million to raising awareness of 
district energy 

• Buildings: over US$9 million was invested in this sector 
o GIZ has through its Green Cooling Initiative and a project planned for 2018 invested over 

US$5 million towards the dissemination of sustainable AC cooling technologies 
o SEAD, United for Efficiency, the AC Campaign, and the ASEAN Shine - Air conditioning 

program (also) all focus on air conditioners for their cooling efforts, although data gaps 
mean limited insight in funding beyond at least US$7 million towards ASEAN Shine and the 
AC Campaign 

• Another almost US$232 million went towards initiatives focusing on more than one sector 
o The Green Cooling Initiative has been granted almost US$5.5 million towards raising 

awareness and promoting more understanding of cooling in buildings and cold chains; 



o The Birmingham Institute and partners received US$221 million, of which one-third 
government funding and two-thirds co-investments mainly for R&D on the development and 
integration of thermal and cryo-energy technologies  

• Grants from EU and the German, UK, US governments, are substantial providers of funding, 
mainly through their development cooperation agencies and programs;  

• Several philanthropic foundations are also well represented. The Bill & Melinda Gates 
Foundation  is a recurring funder in particular for initiatives and programs with a link to cold 
chains. This is can be explained due to its mandate on improving people’s health and wellbeing, 
helping individuals lift themselves out of hunger and extreme poverty;  

• The Global Environment Facility (GEF) is another recurring funder and provides grants to both 
cold chain sector and to the buildings/urban sector in collaboration with other partners. 

 
Geographical scope: 
• Many programs are intended for global scope. Among the program with targeted countries, the 

following tend to receive most attention:  
o Africa: Kenya and Ghana  
o Asia: India, Pakistan, Indonesia, ASEAN region 
o Mexico, United States 

 
 
 
  



6. Developing pathways for cooling access 
 
This section draws together conclusions from the research to date on solution packages that could be 
applied to elevate people from one Tier to another. It also provides preliminary thoughts on how to 
make those changes happen. 
 
6.1. Mapping options for moving target groups across Tiers 
 
Annex E to G each contain a collection of extensive descriptions of technical, policy, and business 
model solutions available for providing sustainable access to cooling by sector. In this section, a high-
level overview of the potential solutions covered in these three annexes is provided, together with 
initial guidance on how these options might be grouped by Tier, pointing towards packages of 
solutions which could be selected to move people to higher levels of cooling access.  
 
In addition, a first high-level indication is provided of the ease or difficulty of implementation, key 
actors to be involved, plus the anticipated cost of implementation of these solution packages. Jointly 
with the annexes, which act as a compendium of access to cooling solutions, this section can be used 
to provide valuable guidance to policy makers and other key actors in the public and non-profit 
sectors, who after determining their cooling access goal and target group based on the tiers and 
dividend frameworks, are ready to take the next step.  
 
6.1.1. Buildings & urban environments 
 

  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Tier 0 to 1 
– or 
better 

Cool roofs 
Cool pavements 
Trees 

Municipal policy 
incentives 

Easy to moderate Local 
government 
NGOs 
Local 
businesses 

Low to 
medium 

Cool roofs 
Cool walls 
Public cooling centers 

Heat action plan 
Planning for heat stress 
Appointing a dedicated 
coordinator 

Easy to moderate Local 
government 
NGOs 
Local 
businesses 

Low to 
medium 

Urban density & form 
Natural wind & water 
cooling 

Urban planning & 
regulations 
Building codes 

Moderate to 
difficult 

Local/national 
government 

Medium 

Passive cooling through 
building design 
Green building design 

Building codes 
Voluntary / mandatory 
green building schemes 
Building retrofit 
programs 
ESCO models &programs 

Moderate to 
difficult 

Local/national 
government 
Local/national 
businesses 
Green building 
councils 

Medium 
to high 

Low-tech (DIY) coolers Collaborating with local 
(self-help) organizations 

Easy to moderate Local 
government 
NGOs 
Local 
businesses 

Low 

Tier 0 to 2 
– or 
better 

Solar fans Policy incentives Moderate Local/national 
government 
NGOs 

Medium 



  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Collaborating with local 
(self-help) organizations 
Green procurement 
Aggregate purchasing 
PAYG business models 
Microfinance for energy 
access 

Local/national 
businesses 

Tier 0->2 
to 3 - or 
better 

Increasing AC efficiency Minimum Energy 
Performance Standards 
Aggregate purchasing 
Green procurement 
Electricity pricing 

Moderate Local/national 
government 
Local/national 
businesses 

Medium 

District cooling Policy incentives 
Urban planning 
Public-private 
partnerships 

Moderate to 
difficult 

Local/national 
government 
Local/national 
businesses 

Medium 
to high 

Thermal storage 
Novel use of waste cold 

Policy incentives 
Public-private 
partnerships 
ESCO models 
PAYG business models 

Moderate to 
difficult 

Local/national 
government 
Local/national 
businesses 
Academia 

Medium 
to high 

Table 16 Overview of access to cooling solution groupings for buildings & urban environments 

6.1.2. Cold chains – food loss 
 

  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Tier 0 to 1 
– or 
better 

Passive pre-cooling Base of Pyramid policies 
Collaborating with local 
(self-help) organizations 

Easy Local/national 
government 
NGOs 
Local/national 
businesses 

Low 

Tier 0 to 2 
– or 
better 

Cold storage –
evaporative cooling 

Base of Pyramid policies 
Collaborating with local 
(self-help) organizations 
Cooling as a service / 
PAYG business models 
Other low-income 
focused physical / 
financial access models 

Easy to moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Low to 
medium 

Cold storage – off-grid 
non-solar innovations  

Base of Pyramid policies 
Tailored (start-up) 
business support & 
incubators 
Cooling as a service / 
PAYG business models 
Other low-income 
focused physical / 
financial access models 

Moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Active pre-cooling Cold chains platforms & 
coordination 

Moderate to 
difficult 

Local/national 
government 

Medium 
to high 



  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Tier 0->2 
to 3 - or 
better 

Tailored business 
support 

Local/national 
businesses 

Cold storage – poor grid 
innovations (ice bank) 

Base of Pyramid policies 
Tailored (start-up) 
business support & 
incubators 
Cooling as a service / 
PAYG business models 

Moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Solar refrigeration Base of Pyramid policies 
Tailored business 
support & incubators 
Cooling as a service / 
PAYG business models 
Other low-income 
focused physical / 
financial access models 

Moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Liquid air / nitrogen for 
refrigerated transport 

Cold chains platforms & 
coordination 
Tailored business 
support 

Moderate to 
difficult 

Local/national 
government 
Local/national 
businesses 
Academia 

Medium 
to high 

Table 17 Overview of access to cooling solution groupings for fresh produce cold chains 

6.1.3. Cold chains – vaccines 
 

  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Tier 0->2 
to 3 - or 
better 

Cold storage – poor grid 
innovations (ice bank) 

Cold chains platforms & 
coordination 
Policy incentives 
Tailored (start-up) 
business support & 
incubators 
Cooling as service model 

Moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Solar refrigeration Cold chains platforms & 
coordination 
Policy incentives 
Tailored (start-up) 
business support & 
incubators 
Cooling as service model 

Moderate Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Improving last mile 
distribution 

Cold chains platforms & 
coordination 
Policy incentives 
Public-private 
partnerships 
Tailored (start-up) 
business support & 
incubators 
Cooling as service model 

Moderate to 
difficult 

Local/national 
government 
NGOs 
Local/national 
businesses 

Medium 

Controlled Temperature 
Chain 

Cold chains platforms & 
coordination 

Moderate to 
difficult 

Local/national 
government 

Medium 



  Technical solutions 
Matching policy / 
business model 
solutions 

Ease of 
implementation 

Key actors / 
initiators Cost 

Public-private 
partnerships 
 

NGOs 
Local/national 
businesses 

Table 18 Overview of access to cooling solution groupings for vaccine cold chains 

 
6.2. Program design and selection of solutions 
 
This section provides concise guidance on program design and key decision-making criteria for the 
selection of possible solutions to address the problem.  
 
6.2.1. Situation analysis  
 
A necessary first step is to assess and understand a community or region/city/country’s current 
cooling access baseline and status. This may potentially involve conducting some additional 
background studies and engaging relevant stakeholders to better scope the current state of play. 
Important activities for conducting a scoping and inventory exercise may therefore include:   
• the current status of cooling provision; 
• the current status and projected growth in cooling energy demand, and its impacts; 
• an analysis of unmet current or emerging cooling needs, and the impacts of not providing them; 
• an analysis of existing policies, programs, and initiatives including their effectiveness and 

coverage; 
• an analysis of key stakeholders that are involved or impacted; 
• an assessment of key barriers impeding sustainable cooling access; and  
• an analysis of the current opportunity and urgency to act. 
 
This data can then be used to establish a set of baselines for each Tier. 
 
6.2.2. Objectives and targets 
 
After scoping the baseline comes a focus on the selection of objectives and targets. Whereas 
objectives set out what one aims to achieve, the target acts as an indicator established to determine 
the success in achieving the objective. 
 
To be inspiring, targets should be bold, ambitious, and require a degree of “stretch.” One should also 
consider how to set targets that reach beyond commonly used metrics such as the number of people 
provided with cooling access or the energy efficiency of the cooling solutions provided, by aiming for 
achieving a desired societal outcome while having a net zero environmental / climate impact.  
 
Nonetheless, to facilitate implementation, any target should be simple to understand and 
straightforward to monitor and have a clear time frame. For example, annual, medium-term (5–10 
years) and long-term (10+ years) targets with interim reviews, which allows for efforts to be adjusted 
where and if necessary. 
 
The Tiers framework as set out in Section 3.3. can be used to set cooling access objectives, such as 
having an interim objective of moving the target population in Tier 0 to Tier 1 in X years, and 
eventually aiming for Tier 3 or better in Y years. Targets would be set in line with these ambitions. 
 



6.2.3. Selecting solutions 
 
If no current programs or set of policies exist, activities will have to be designed from scratch. If 
something is already in place, one has a choice of keeping it (do nothing), modifying it, starting 
something new or additional by replicating an existing design from another sector or region, or 
creating something entirely new to replace the current approach; or a combination thereof. 
 
Whatever approach is decided on, to select its contents – i.e. solutions, ranging from specific 
technologies to policy measures, collaboration models, or stakeholder interventions – it will be 
important to apply a set of criteria to decide on the suitability and feasibility of measures for 
inclusion. Commonly used criteria include the following: 
• Legal feasibility: is it consistent or compatible with current legal and regulatory frameworks? 

And with government mandates at national/regional/local level? May the solution face legal 
challenges?  

• Political viability: what is the acceptability of the option to relevant stakeholders (from 
legislators to voters) in the prevailing political climate? 

• Institutional capacity: what is the degree or ease of implementation? What capacity for its 
design, implementation, and monitoring/enforcement is required? What administrative 
challenges may it face due to capacity or knowledge constraints? 

• Social/cultural acceptability: how acceptable is the solution to the local population? Is it 
consistent or compatible with local traditions, norms and values? 

• Technical feasibility: what is the need for and availability of necessary resources and 
competencies? Think for example of workforce training 

• Ability for impact: is the solution in line with the urgency to act and the scale of the problem? 
Can the solution be scaled as necessary within the window of opportunity/time available? 

• Cost effectiveness: how effective is this solution at achieving the objectives as set at an 
acceptable or least cost basis? 

• Equity: how fair does the solution distribute the beneficial impacts or burdens among the 
various groups in society (by e.g. income, age, ethnicity, urban/rural, etc)? 

• Socio-economic effectiveness: how does the solution help maximize and sustain socio-economic 
gains in line with the SDGs? 

• Environmental sustainability: how does the solution reduce, avoid, or at least minimize the 
(additional) environmental burden of cooling access, including climate? 

• Market opportunity for the private sector: can the private sector be involved in the design and 
implementation of solutions and relieve a burden of cost on the public sector? 

 
6.2.4. Planning and action  
 
A strategy is only as good as its implementation. This means it is important to have a good, logical 
planning framework in place and a clear set of actions– to guide and direct implementation over 
time. Both timing and institutionalization of the efforts are important to help set a program up for 
long-term success.  
 
Sufficient attention must be paid to the governance underpinning the implementation, including 
strengthening the capacity of actors to deliver, striving for clarity and transparency, fostering 
participation, and creating a culture of accountability by assigning clear responsibilities. 
Furthermore, actors will have to consider what set of performance indicators to use, to allow for 
tracking and assessing progress over time. The Cooling Access Dividend can help in identifying such 
indicators. In addition, it is helpful and often critical to adopt a proactive approach to engaging 
relevant stakeholders through suitable engagement processes.  
 



6.2.5. Funding and Finance 
 
Finally, consideration must be given to the design of a funding pathway. Without a solid funding 
strategy, the actions as identified are unlikely to deliver the desired change. One way to go about 
this is by identifying the objective of funding at different phases: is it to help establish the right 
enabling conditions to create a market? to enable promising projects to attract public and private 
capital by creating local precedents and building confidence? Is it to encourage the participation of 
financial institutions by providing opportunities to blend finance or share risk? 
 
It can be useful in this regard to map the pools of capital that could potentially be mobilized, such as 
public and private, local and international, grants and loans. This can help identify potential financing 
opportunities and gaps and understand the link between them and the ability for or pace of 
implementation.  
 
  



7. Initial recommendations and next steps 
 
To conclude this scoping report, an initial set of recommendations is provided based mainly on 
findings from the research as undertaken during the period October to December 2017. In the next 
few months, these recommendations will be further refined, while new recommendations are likely 
to be added as a result of additional analysis, internal and external discussions, as well as feedback 
from the Global Panel and other key stakeholders. This includes identifying specific programs that 
could be set up based on these high-level recommendations and countries such a program may want 
to target, as well as rough timelines and funding requirements. 
 
7.1. Recommendations for possible new initiatives 
 
Data collection and critical market research: 
• Empowering organizations to put concerted efforts in the collection of a more extensive set of 

granular and verified data at country level, as well encouraging organizations with significant 
non-public datasets to make them available to KCEP and selected partners. This would allow for 
more detailed access gap quantifications with a lower error margin, in order to inform both 
discussions with key stakeholders as well as future policy and program design. Organizations 
that may have the knowledge and capacity to undertake such an effort include:  

o GIZ through its Green Cooling Initiative - air conditioners, refrigeration 
o CLASP through its Low-Energy Inclusive Appliances program - air conditioners, 

refrigeration 
o GAVI - vaccine cold chain equipment 
o Global Cold Chain Alliance - fresh produce cold chain equipment 
o UN Habitat - profiling of poor quality housing and slum dwellings 
o IEA – energy use data and KCEP Tracking framework 

• For a selected country/region/city collect data to further test the Tier model and to understand 
the cost/benefit characteristics of solution packages. This will require further research on the 
availability and costs of different solution options. 

 
Awareness raising, coordination and oversight: 
• Establishing a coordinating institution or platform, to collect and disseminate knowledge, 

promote a joint agenda on addressing cooling access issues, and coordinate between the 
different initiatives and programs that focus on expanding cooling access; 

• Build a global awareness campaign, to raise awareness of the issues around access to cooling 
with global policy makers, national governments, the donor community. This can start 
immediately with the release of report findings at high level fora. It can also include mechanisms 
such as technology prizes as run by the Ashden Trust and as being developed by Rocky Mountain 
Institute; 

• Validate and disseminate the results of new activities via a global information platform 
 
City support for heat stress planning: 
• Establishing regional programs to support cities facing an increase in heat waves and deadly 

heat with pro-active planning for heat stress. Key examples are heat vulnerability mapping, the 
development of heat action plans, and appointing a dedicated lead or coordinator;   

• Organizations and initiatives that may be able to take this on or support include: 
o NRDC’s Rising Temperatures, Deadly Threat program, which focuses on providing 

support to heat action planning in India 
o The Global Cool Cities Alliance  
o The Cool Cities Network by GCCA and C40, although its scope is limited to C40 cities only 



o The City Energy Project, which may provide valuable advice on establishing a dedicated 
in-house point of contact and driving force for putting the issue on the agenda 

 
Fostering public-private/non-profit partnerships: 
• Collaborations between local governments and the private sector, NGOs, and/or local ‘self-help’ 

organizations have proven effective at reaching Base of the Pyramid consumers in serving 
energy, housing, cooling and other basic access needs; forging new partnerships for serving 
basic cooling access needs in buildings, cities and for keeping fresh produce cool can be a 
powerful means of accelerating cooling access for those finding themselves in the lower Tiers  of 
cooling access; 

• Examples of successful initiatives include:  
o The Mahila Housing Trust in India, a grassroots NGO supporting slum inhabitants with 

energy and cooling access, working with a broad range of partners 
o A USAID and partners project, which collaborated with community savings groups for 

expanding energy access and microfinance 
o The Patrimonio Hoy program in Mexico, started by private company Cemex, which helps 

low-income households build affordable, better quality homes and has so far reached 
over 600,000 Mexican families and with support from the World Bank is being expanded 
to other Latin-American countries 

o The Solar Home Systems initiative in Bangladesh, which has installed over 4 million solar 
home systems at qualifying, low-income households and uses local partner organizations 

o Project Last Mile, which uses private sector logistical and marketing experience to help 
governments overcome ‘last mile’ access challenges in health care 

o District cooling in cities such as Dubai, with local utilities and private developers 
collaborating in the provision of efficient, low impact cooling to buildings  

 
Supporting entrepreneurs: 
• Establishing a start-up/small business support and incubator program in particular for cold 

chain solutions, providing practical support to SMEs in developing and emerging markets to help 
refine cooling access focused business models, scrutinize their product’s feasibility, help their 
businesses grow, and match them to investors; 

• Examples of such incubators include:  
o the long-standing BID Network (currently focusing on Uganda; previously encompassing 

other countries as well); and the both recently launched  
o XL Africa business accelerator program by the World Bank, as well as 
o the Sustainability Accelerator by The Nature Conservancy in collaboration with Techstars 

 
Unlocking access for consumers: 
• Consumers can only take advantage of cooling access products if they have the physical and 

financial access to it. Whereas partnerships are one way to reach the poor, they may also need 
access to a financial transactions network, physical access and repair points, and (micro)credit, 
supported by the right business models with products tailored to their needs and purchasing 
power. 

• Supporting governments and businesses with establishing the right enabling environments - 
including clearing policy and regulatory hurdles, and extending incentives – to more effectively 
reach consumers with existing or emerging cooling products and services can therefore be a 
powerful means of unlocking access to Base of the Pyramid consumers; 

• Examples of successful efforts that have helped solved parts of the access puzzle include: 
o M-Pesa’s financial transactions network in Kenya powered by mobile phone, allowing 

anyone to transfer money regardless of whether they have a bank account  



o M-Power using local minibuses and motortaxi drivers to deliver its energy access 
products in Tanzania to small village roadside stores 

o Chotukool using India Post to deploy its coolbox to target communities, therewith 
having a four times larger distribution network than any local logistics company 

o Pay As You Go energy access and microfinance providers such as MicroCred, working in 
four African countries, jointly delivering PAYG products at greater scale and lower cost 
to consumers, while allowing people to build up a credit history 

o Social enterprises, such as Project Dharma, Boond and Frontier Markets in India, and 
microfinance providers jointly distributing and servicing customized products for the 
poor at an affordable price point including credit options 

o Super-ESCOs such as EESL in India issuing large scale procurement tenders to increase 
the efficiency and drive down the cost of air conditioners available in the market 

 
Unlocking private finance: 
• Establishing an incubator for innovative finance mechanisms, that suit the financing of cooling 

access initiatives with high anticipated climate and/or SDG benefits. An initiative that may have 
the capacity, experience, and explicit interest to take this on could be the Global Innovation Lab 
for Climate Finance, run by the Climate Policy Initiative 

• Work with commercial banks and leasing companies to understand market potential for 
solutions that will require commercial finance to scale up access. This will rely on the successful 
demonstration of scaleable, commercial solutions and associated business models 

 
 
7.2. Next steps 
 
As the Cooling for All project works towards the launch and publication of a report in July 2018, an 
indicative overview of immediate and near-future next steps and milestones is provided below: 
• Late February: initial outline of public report available for internal discussion; further analysis of 

data available and refinement of the Tier Model;  
• March 21/22, Panel workshop, Kigali: Global Panel discusses the scoping report, as well as the 

first draft of the public report; 
• Early April: final set of more detailed recommendations on cooling access pathways and 

subsequent priority actions/programs to pursue provided to KCEP; 
• Early May: second draft of public report available; 
• May 2, SEforALL Forum, Lisbon: discussion with invited stakeholders/audience to test-drive 

some of the material and messaging, with comments feeding into the second draft of the public 
report; 

• Early June: final draft of public report available, followed by approvals and editing; 
• July 9-13, High Level Political Forum, New York: launch week for the public report. 
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