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Cooling has long been under-represented in energy policy, compared to 
heat, power and transport. The European Commission has recognised this 
and begun to correct it with the launch of its Heating and Cooling Strategy 
in February 2016. Nevertheless there is still far too little joined up thinking 
on the cooling side of the debate, so the trade organisation Euroheat & 
Power and clean cold technology developer Dearman agreed to convene 
a meeting of stakeholders to discuss the issues and feed into the European 
Commission’s thinking around cooling. The meeting took place at the 
British Chambers of Commerce in Brussels on 12 April 2016. The round 
table heard presentations from Commission officials, and from producers 
and users of cold, leading to a lively discussion and general consensus on 
the key conclusions and next steps. The participants agreed to co-operate 
to advance green cooling and help develop the Heating and Cooling 
Strategy and other relevant work across the EU.

Key messages
• Cooling accounts for a large share of EU energy demands.

• As most cooling processes are driven by electricity, cooling remains a hidden giant.

• Cooling concerns everyone, be it industrial production, buildings or the food sector.

• Cooling demands are as diverse as heating demands – if not more diverse.

• Any industry with high thermal needs, such as steel, non-ferrous metals or cement, has 
substantial cooling needs, too.

• The cooling demand in the building sector will increase by 70% until 2030 – partly due to  
climate change.

• Generally, cooling is needed in all climate zones in Europe and only differs by a factor of three.

• Food storage, transport, processing and production demand substantial cooling loads. 

• Cooling demand from certain sectors can be another’s energy source.

• A systemic approach could bring large efficiency improvements. A wide range of technologies 
is needed to serve the different cooling demands in a sustainable manner. There is no one-size-
fits-all solution.

• There are many market-ready technologies to supply sustainable cold.

• The biggest challenge is to raise awareness for the importance of cooling.
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Margot Pinault, DG Energy set the scene by reviewing EU energy policy, focussing on the 
Heating and Cooling Strategy launched in February 2016 and the Horizon 2020 innovation support 
programme. The Heating and Cooling Strategy is the first time the EU has considered cooling in 
detail. The consultation process is intended to integrate heating and cooling into EU energy policies, 
reduce H&C energy consumption, shift H&C energy supply to renewables, and integrate with 
electricity grids and waste heat recovery. Innovative solutions to these challenges could include 
the ‘liquid air economy’ and using waste cold from LNG regasification, reversible ground source 
heat pumps with inter-seasonal storage, ‘free’ cooling for data centres, magnetic cooling and solar 
cooling. 

These aims will be supported by the Horizon 2020 innovation programme, which has an energy 
budget of €5.7 billion, of which €1.3 will be distributed in 2016-17 (see slides). One important 
funding call closing in January 2017 will support projects to raise the energy efficiency of data 
centre cooling systems, and their integration in electricity grids. Funding for low carbon cooling 
innovation is also available through the ‘SME Instrument’, with a budget of €46 million in 2016 and 
€50 million in 2017. 
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Toby Peters, Visiting Professor of Power and Cold Economy at the University of 
Birmingham, made the case for clean cold, drawing on the work of the University of Birmingham 
Policy Commission on ‘Doing Cold Smarter’ which reported last year. Cold is vital to modern life but 
can be highly polluting. Refrigeration and air conditioning alone account for between 7% and 10% 
of global CO2 emissions, almost 3 times those of aviation and shipping combined. Cooling demand 
will continue to grow in Europe, but will be dwarfed by the demand from the developing world. 
Global air conditioning demand is forecast to grow 33-fold by the end of the century, and consume 
the equivalent of half of the worldwide electricity generation in 2010. Developing countries need to 
develop cold chains to reduce 
high levels of food waste, 
but if this need is met using 
current technologies, it would 
be highly polluting. In spite of 
these huge challenges, Europe 
currently spends just 0.2% of its 
engineering research budget on 
cooling. 

One problem is that we think 
about cooling only in terms of 
electricity not as a service, which 
could be satisfied. One example 
could be recycling waste cold 
from LNG re-gasification through 
novel vectors such as liquid air. 
Evidence to the University of 
Birmingham Policy Commission 
on ‘Doing Cold Smarter’ 
suggested a four step approach to achieve the ‘Cold Economy’ (see slide), or system level approach 
to cold, which would reduce costs, pollution, CO2, food waste and natural resource consumption, and 
create jobs and exports by providing clean cold technologies to fast growing developing economies.

Alessandro Provaggi, head of the DHC+ Technology Platform, presented insights 
on the cooling demand out of STRATEGO and other EU funded projects. In Europe the current 
cooling demand is relatively low 
compared to the heat demand, 
but in the future the cooling 
demand could be much larger. 
Almost all of the buildings that 
need heat are already heated 
today, whereas but cooling 
demand have very low saturation 
rates in most countries (see 
first slide). Currently only 16% 
of buildings are satisfying their 
cooling demand.  In other 
words buildings often do not 
use cooling even though they 
need it to maintain a comfortable 
indoor temperature. If this is met 
in the future as people’s living 
standards improve, then the 
cooling demand could increase substantially, up to 70% of heat demand. Therefore, the time to set the 
basis for a sustainable and efficient development of the cooling sector is now.
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Cooling supply

In the Cooling Supply session, Ingo Wagner, Policy and Project Officer of 
Euroheat & Power, the European association for district heating and cooling as well as 
combined heat and power, explained that district cooling now provide around 3TWh of cooling in 
Europe, covering 1-2% of the service building sector. There are examples in both northern and 
southern Europe (see slide), but due to varying traditions the majority is found in Scandinavia 
with for example more than 50 systems in Sweden. District cooling is a network based cooling 
technology that can be based on cold or hot water. In the case of ‘hot district cooling’ standard 
district heating schemes supply energy for absorption chillers onsite. In the case of ‘cold district 
cooling’ heat exchangers are used to remove heat from customers’ buildings, and reduce energy 
and carbon emissions substantially. DHC can exploit – and combine – many different approaches: 
overnight electricity to produce ice or ice slurry for daytime cooling; natural cooling from lakes 
or rivers; LNG waste 
cold; electric powered 
heat pumps; waste heat 
powered absorption 
chillers. The thermal 
energy removed from 
buildings can also be 
used as source and 
transferred into an existing 
district heating network. 
The same way DHC can 
utilise heat that becomes 
available due to cooling of 
industrial processes. The 
main barrier for a wider 
development of district 
cooling is little awareness 
for the matter of cooling.
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Speaking as CEO of Dearman, Toby Peters explained how the Dearman engine running 
on liquid air or liquid nitrogen could be an enabling technology of the Cold Economy, by recycling 
waste cold of LNG into zero-emission clean cold and power in vehicles and buildings.  The first 
application is as a transport refrigeration unit (TRU) to replace the diesel engines used for cooling 
on refrigerated trucks and trailers, which goes into commercial trials this year. Liquid nitrogen is 
produced in industrial liquefiers across Europe, usually at night when grid carbon intensity is lower, 
which have enough spare production capacity to supply 70,000 liquid air TRUs. The Dearman 
engine could also work as a bus air conditioning unit, or as part of a diesel-liquid air ‘heat hybrid’ 
engine, in which the two engines exchange waste heat and cold to raise the efficiency of both and 
reduce diesel consumption by 25%. A heat hybrid could also provide ‘free’ air conditioning to the 
bus. Liquid air or nitrogen can be produced by incorporating waste cold from the re-gasification of 
LNG at import terminals, reducing the electricity required for air liquefaction by up to 70% and costs 
by about half. A few LNG terminals do already recycle their waste cold to industrial users nearby, 
but only while LNG re-gasification is taking place. Converting the waste cold to liquid air or nitrogen 
means cold and power can be delivered on demand much further afield. 

Thomas Nowak, Secretary General of the European Heat Pump 
Association, gave an entertaining overview of the history of the cooling industry, from the 
earliest days when Frederick Tudor exported blocks of ice from New England to South America and 
even India in insulated ships, 
to the modern-day heat pump 
which drives refrigerators, air 
conditioners, and ground and 
air source heat pumps. He 
emphasised that heat pumps 
always produce both heat and 
cooling and are therefore a key 
integrating technology. As an 
example of the potential, he 
described visiting new apartment 
blocks in China where every 
apartment had an air conditioner 
but water was heated using gas, 
whereas it could have been 
heated with waste heat from the 
air conditioners.

Andrea Voigt, European Partnership for Energy and the Environment, 
described the results of a survey of the organisation’s members - companies that produce, design 
and install heating, cooling and refrigeration technologies. Members reported a strikingly similar list 
of problems throughout the product range – from air conditioning to refrigeration to heat pumps – 
around product choice, commissioning, maintenance and integration. Very often customers chose 
products that were too large, when they could have saved money by choosing a smaller one and 
maintaining it properly. Contractor skills also represent a challenge. For example, the new F-Gas 
regulation will lead to an increased use of flammable refrigerants which require skilled contractors 
to make sure they are safely and responsibly handled. EPEE supports three solutions: better use of 
existing legislation, since there are good laws already but not necessarily properly enforced; better 
integration of cooling with demand side flexibility, with huge potential for smart appliances; and 
most important, we need to adopt a holistic, system led approach. This should include mandatory 
maintenance, measures to shift the focus from capex to lifecycle costs, and system integration.
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Christine Weiker, European Cold Storage and Logistics Association, 
representing more than 900 public cold stores and refrigerated warehouses across Europe with a 
total capacity of more than 60 million cubic metres, explained that the industry is diverse.  Public cold 
stores warehouses are Third Party Logistics Providers (3PLs) that provide temperature controlled 
storage capacity to safely freeze, store and distribute a wide range of products. Services are provided 
in different temperature ranges in cold storage and deep frozen warehouses (1 °C to +12 °C in cold 
rooms and ramp areas for all goods stored at ambient temperatures, such as fruit, vegetables and 
dairy products; -18 °C to -30 °C in rooms for the storage of deep frozen goods such as frozen foods, 
meat, pharmaceuticals; -30 °C to -48 °C in freezing rooms.) Demand side response and recycle 
waste heat from refrigeration are common in the sector. Industrial refrigeration and cold storage is an 
(industrial) cooling process where the cooling of the cold storage areas is achieved by a sophisticated 
refrigeration system and with the use of compressors which are located in a dedicated machine room, 
condensers and evaporators located in the area which has to be cooled itself. Industrial refrigeration is 
a process in itself which allows for food, pharmaceuticals and other temperature sensitive goods to be 
stored in the proper conditions to guarantee their safety and quality. 

Joe Grealy, Transfrigoroute International, representing refrigerated logistics operators 
and equipment manufacturers, reviewed the European refrigerated vehicle fleet and its challenges. 
The fleet consists of 200,000 trailers and semi-trailers with secondary diesel cooling engines 
(‘transport refrigeration units’ or TRUs); 220,000 trucks, more than 90% of which have secondary diesel 
engines; and 600,000 vans with fridges powered by the vehicle main engine. Alternative technologies 
for the secondary engines include generator driven electrical systems, cryogenic systems running 
on CO2 or liquid nitrogen. Operators are squeezed between vehicle dimensions determined by 
regulation, and the need to install thicker insulation yet have space for the same number of pallets. 
The industry’s challenges are emissions, rising costs, and quite marginal returns. The equipment can 
last 15-20 years, so the industry is in a quandary over what technology to buy today. Electric vehicles 
are extremely expensive and require subsidy, though are being used in Amsterdam, with a range of 
200km.

Cooling demand

Mukund Bhagwat, spoke on behalf of Eurometaux, which represents 
the non-ferrous metals industry, and Aurubis, the largest copper manufacturer in 
Europe and largest copper recycler worldwide. When surveyed about cooling, Eurometaux members 
generally did not think it was a problem, though some thought it was too costly. Aurubis sees energy 
efficiency as a competitive advantage. Heat from the furnaces at the company’s copper recycling 
centre at Lünen is recovered to produce steam to drive a 6MW generator, which produces about 
23GWh per year, or 14% of the plant’s power needs, and hot water at 90-100C which is used to pre-
heat ores in winter. But recovering low grade heat (say water at 50C) is uneconomic. We need new 
technologies to achieve this. The company’s Hamburg plant is close to the docks, and could be used 
to provide district heating to ships there. We need to put a value on heating and cooling, but do not 
need subsidies.

Daphne van Doorn of Freshfel, representing the fruit and vegetable sector, and hence 
representing links in the cooling chain including importers, exporters, ports and retailers, emphasised 
the importance of an uninterrupted cooling chain from production to end consumption. This is 
important to preserve the quality of the perishable produce, but also for waste reduction, as well as 
trade and market access specifications. There are many best practice examples of organisations 
and companies implementing more circular and sustainable approaches for reusing waste energy 
and waste heat. However, it is important to keep in mind that the needs are quite specific per product 
(different temperatures, humidity, oxygen) and per link in the cooling chain. 
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Ingo Wagner of Euroheat & Power briefly presented material submitted by other 
industry associations.

Cement production is another energy intensive process that requires both heat and cold and that 
can be integrated in the local energy system. The Aalborg Portland Cement Works in Denmark 
initially gets its cooling from the local quarry lake and provides recoverable heat from its cooling 
process to the local district heating network. It also supplies cooling from the lake to the local 
network.

The brewery sector also needs both heat and cold, but at different stages of the brewing process. 
Breweries requires very specific temperature levels, steep cooling at the end of the actual brewing 
process and constant low temperatures for storing. By integrating different steps of the process, 
e.g. by use the cooling process as source for prewarming, 30% of energy can be saved.

Hotels and restaurants are a part of the building sector with a high cooling demand. The main 
purpose is to maintain an adequate level of thermal comfort adapted to the customer needs. 
Cooling demands in buildings vary greatly depending on the climatic conditions and the specific 
type of use, e.g. rooms, restaurants, gyms, lounges) and the existence of different demand zones in 
single hotels complicates the situation. Natural cooling, solar cooling and trigeneration can play an 
important role in the future and heat recovery, i.e. recover the energy to warm domestic hot water, 
can decrease costs for warm water by 40%.

Conclusions
Cold has been the Cinderella of the energy debate for too long, but is now starting to be recognised, 
for instance by the launch of the DG Energy Heating and Cooling Strategy earlier this year and 
improved data on cooling demand from Stratego’s cold mapping project. 

Cooling is vital but often highly polluting, and demand is rising both in the EU, and even more in 
developing countries. Yet thermal energy still receives less attention than electricity or transport, and 
cooling less than heating. 

Even in temperate European countries, cooling is everywhere, and vital to many aspects of modern 
life: food, medicine, energy, data, industry and comfort. The food supply relies overwhelmingly 
on a seamless ‘cold chain’ of refrigerated warehouses and vehicles that stretch from the farm 
gate – which could be in Asia, Africa or Latin America – to the supermarket display cabinet. 70% 
of foods are chilled or frozen when produced1, and 50% are retailed using refrigerated display, 
and increasing amounts delivered to the customer’s doorstep by refrigerated home delivery vans. 
Domestic refrigeration is the biggest single cooling energy load - in the UK it consumes 13TWh per 
year or 4% of all electricity. 

Cold chains are also vital for the safe supply of vaccines and other medicines – including the world’s 
biggest selling medicine, the anti-cholesterol drug Lipitor.2 MRI scanners could not work without the 
extreme cold of liquid helium. 

Data centres are a relatively recent but fast growing source of demand for cooling; almost half 
a data centre’s electricity goes on cooling, without which the internet would quickly collapse. 
In Britain, data centres consume 2-3% of the electricity supply.3 Global data centre power 
consumption almost quadrupled between 2007 and 2013 to 43GW,4 roughly the generating capacity 
of South Africa.5 At this growth rate, by 2030 the additional cooling load would require another 
35GW of generating capacity, or more than that of Poland.6
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Cooling is essential for producing chemicals, plastics, industrial gas production for steelmaking 
and other metallurgical processes. Cooling is a fundamental step in the Haber-Bosch process that 
converts atmospheric nitrogen into ammonia fertilizer, credited with producing the food to feed 3 
billion people – almost half the world’s population. Put another way, this process provides all the 
food eaten every second day.  

Cooling is also important for comfort and productivity particularly in large buildings; skyscrapers 
would be uninhabitable without air conditioning. Demand is rising steeply in the EU, where the 
Commission expects building cooling demand to rise 70% by 2030.7 Worldwide energy demand for 
space cooling will overtake space heating by 2060, and outstrip it by 60% at the end of the century.8

Heating and cooling are often required in the same place at the same time – in hotels, breweries 
and metallurgy, for instance – but supplied separately. Great efficiency gains could be achieved 
by integrating the two services through heat pumps or heat recovery equipment, either in individual 
buildings or through district- or city-wide heating and cooling schemes. The waste heat produced 
by refrigeration and air conditioning could be used to provide hot water and space heating, or to 
provide further cooling through absorption or adsorption chillers. 

Cooling also puts huge loads on the electricity grid, but thermal inertia means that cooling could 
provide energy storage, so helping to balance the grid. 

All of which demands a system level approach, integrating power, heat and cooling wherever 
possible – also known as the ‘Cold Economy’. Cooling should be seen as a service which could 
often be satisfied by recycled waste heat or wrong time energy, and not simply a real-time electrical 
load.
 
New energy vectors such as liquid nitrogen or liquid air could provide zero emission cold and power 
in a variety of applications. The waste cold of LNG re-gasification is a potentially enormous resource 
that could be recycled via liquid nitrogen or liquid air. 

Cooling should have its own forum or platform to help correct its historical neglect in energy policy, 
and European research budgets should recognise the potential of investing in cooling projects.

Next steps
The attendees agreed to form a loose ‘Cooling Coalition’ which Euroheat & Power would 
administrate, with support where necessary from other organisations. Other key actions included to: 

• Meet regularly  to discuss and update each other on cleaner cooling, and find ways to work 
together to advance policy in this area

• Work with the European Commission on developing policy in the area, especially through the 
Heating and Cooling Strategy

• Circulate relevant reports, events and share best practice among members
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