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ABSTRACT

The Climate Change Act commits the UK to reach net zero emissions by 2050, tackling hard to abate
areas. A significant energy end use, often overlooked in policy, is refrigeration and there is a gap in
our understanding of transport, industrial and commercial refrigeration (TICR) emissions. Essential
for multiple applications across the cold chain, this paper assesses the size of TICR emissions, and
opportunities for research and innovation. Our initial results suggest that 6% of industrial electricity
use is for refrigeration, with large uncertainty in this figure. To address this knowledge gap, we
reviewed available data sources to estimate the UK’s carbon emissions and produce a breakdown
per application sector. In an industry dominated by SMEs with low-risk appetite and innovations
with low readiness levels, we explore ways, which TICR could decarbonise in order to reach the UK’s
Net Zero ambitions, through innovation and better data.
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1. INTRODUCTION

The Climate Change Act was amended in 2019 to accelerate the UK’s decarbonisation, with a
commitment to reach the target of net zero emissions by 2050. This commitment necessitates the
UK Government to better understand all sources of emissions and tackle hard to abate areas. One
such area is industrial decarbonisation, for which the Industrial Decarbonisation Strategy was
published in March 2021. The strategy covers all industrial buildings and sectors, from high energy
intensity manufacturing such as paper and pulp, oil refineries, to lower energy intensity production
lines, which altogether contribute to a sixth of the UK’s total emissions today. The strategy sets out
the government’s ambition to reduce these emissions by 67% by 2035, through a range of measures
such as improving energy efficiency, fuel switching, and increasing the use of data to support low-
carbon choices. Refrigeration is an established sector which has a large potential to reduce its
emissions through such measures, as it is used across multiple sectors (commercial, logistics, cold
chain, manufacturing). However, this sector is often overlooked, as is shown through the repeated
characterisation of cooling as “a traditional blind spot in climate and development policy” by the
International Energy Agency (IEA) in three subsequent reports since 2018 (1, 2, 3). While this blind
spot has recently been addressed to an extent by a research project for space cooling in domestic
buildings in the UK (4), there remains a gap in our understanding of the emissions and innovation
potential of Transport, Industrial and Commercial Refrigeration (TICR) in the UK. This understanding

Page 1 of 15


mailto:Melanie.JansSingh@beis.gov.uk

is essential to develop policies to support the relevant innovation and identify efficient
decarbonisation pathways of industrial and commercial buildings/ sites which rely heavily on cooling
processes.

This paper therefore reviews the knowledge gaps in TICR through four angles. In Section 2, the
rationale for identifying TICR as a knowledge gap is explained. The data sources publicly available to
guantify TICR emissions are reviewed in Section 3, to estimate the magnitude of cooling emissions,
both nationally and by industrial and commercial building type. Section 4 presents a comprehensive
review of relevant government policy, research projects, and funding programmes which cover
TICR, to evaluate where potential research may be useful. Finally, the outcomes of the review are
discussed to suggest areas where further research would be required around TICR to accelerate
decarbonisation in the UK.

2. DEFINING TICR THROUGH IDENTIFICATION OF THE UK KNOWLEDGE GAPS

Cooling is an enabling technology that is critical for everyday life. It is essential in food and drink
manufacturing and storage, the chemical and pharmaceutical industry, medical applications as well
as controlling temperatures of electronic products and systems such as data centres. A warming,
globalised world with higher standards of living will require higher cooling demand.

According to the United Nations Environment Programme (UNEP) and the International Energy
Agency (IEA) cooling applications can be categorised in three main categories as shown in
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Figure 1 — Applications of cooling and their associated technologies in buildings and transportation (1).

Figure 1 shows the clear link between cooling and delivering safe, healthy and sustainable buildings.
Indeed, cooling is essential to several sectors in the built environment, from domestic to industrial
and commercial buildings, impacting directly the hierarchy of humans’ needs in buildings. This paper
presents the case for improving our understanding of cooling in non-domestic buildings and
transportation units, and investigates the potential impact of cooling demand on ambitions to
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reduce carbon emissions from buildings as part of our overall ambition to make buildings more
healthy and sustainable.

The first category in Figure 1 is cooling for thermal comfort, which has been gaining increasing
academic and policy interest in the UK (4, 5) since around 2014 (6). This interest could be arising
from the public perception that heat waves in summer are becoming more common in Western
Europe (7), and air conditioning demand in low to middle income countries is rising with economic
development (2). Work on thermal comfort has tended to focus on cooling of buildings and has
considered both “active” technological approaches of air conditioning, and “passive” approaches to
reduce heat gains through building design. While cooling for thermal comfort is within building
design guidelines, it has not historically been a policy priority for the UK. Upon identification of this
gap, an investigation into quantifying likely future cooling demands for different policy scenarios,
with a focus on domestic buildings, was published in September 2021 (4).

The second categorisation is the removal of heat and maintaining stable temperatures in industrial
and commercial buildings. Refrigeration systems for such applications generally use mechanical
cooling systems to keep temperatures cool and/or remove heat from processes or objects.
Industrial and commercial buildings and applications often differ in scope, scale and temperature
requirements and their bespoke nature is one reason why emissions from this area are more
difficult to understand and therefore minimised. The 2019 Energy Innovation Needs Assessment
(EINA) sub-theme report on Heating and Cooling (5) prioritised cooling slightly lower than heating
innovations using the statistic that UK cooling demand was ~1% of heating demand. The report was
focused on cooling demand in buildings and identified several important innovations (see Section
4.2 for details). The authors recognised further work was necessary to identify the carbon footprint
and innovation potential of cooling in industrial, agricultural and transport sectors.

The third category is maintaining stable temperatures for food and medicine transport and
preservation, which is historically dominated by domestic refrigeration where future emissions are
largely mitigated using Eco-design product standards (8). A growing and largely under-investigated
area is transport refrigeration. As transport refrigeration is part of the cold chain with strong links
to refrigeration in commercial and industrial buildings, it is included in the scope of this paper. Most
emissions in this category in the UK are from auxiliary engines of the transport refrigeration units
(TRUs) and from shipping. There is an increasing need for innovation in the TRU sector following the
ban on red diesel used by these TRUs in April 2022. Mounting interest in this area is manifested
through the publication in September 2021 of a whitepaper (9) and an emissions report of TRUs
commissioned by Transport Scotland (10).

Consequently, this paper will focus on those areas, which have not previously received significant
attention: transport, industrial and commercial refrigeration (TICR), as bounded by the green box in

Figure 1.
3. CARBON EMISSIONS OF TICR

This section provides a description of the current understanding of existing and future emissions
from cooling both globally and nationally.

3.1 Review of global emissions

According to International Institute for Refrigeration (lIR) estimates from 2014, 7.8% of global
greenhouse gases (GHG) emissions are attributed to the refrigeration sector, or 4.14 Gt COze (11).
This includes emissions from all technologies using refrigerants, including air conditioning, heat
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pumps and refrigeration units, where the breakdown is given by refrigerant type rather than
technology. These emissions can be divided into two groups:

- Direct emissions: from the leakage of hydrofluorocarbons (1.53 Gt COe/year - 37% of GHG
emissions of sector).
- Indirect emissions: from the energy required to run the refrigeration units (2.61 Gt
COze/year - 63% of GHG emissions of the sector).
The data sources and calculation methods are not obvious. The IIR study estimated refrigeration to
consume 17% of global electricity generation (11). However, the source of this appears to be a
comment paper published in 2008 (12), which was no longer accessible and still used as the source
in 2017. Another study by the University of Birmingham (12) estimated refrigeration at 3.4% of
global energy demand in 2018. With approximately 19% of global energy demand being associated
with electricity use, this would give 17.8% of global electricity demand. While these numbers align,
there was no information on the data source.

Several reports highlight growth in future emissions from refrigeration, driven by population and
economic growth, as well as climate change and focus on the vaccine cold chain. The main global
forecast in cooling demand stems from (13) which investigated global access to mobile, stationary
and space cooling based on simple deployment assumptions. It estimated 3.6 billion cooling
appliances are in use, and would increase to 14 billion by 2050, if developing economies could reach
similar levels of penetration of cooling technologies to wealthier countries, thereby reducing
overheating, food waste and supply/vaccine spoilage. The analysis suggests that for this scenario,
energy use would increase from 3900 TWh in 2018 to 9500 TWh in 2050. The study suggested that
while transport cooling demands less energy than space cooling, it could have a similar carbon
emission impact in 2050 due to increased refrigerant leakage, and fewer electrical low-carbon
alternatives.

3.2. UK refrigeration cooling demand and emissions

UK cooling demand and emissions can be estimated using three national datasets, and are mostly
linked to cooling of buildings. However, detailed estimates of the proportion of energy demand for
refrigeration (and associated emissions) for non-domestic buildings are not clear and at times
contradictory. It seems this concluding remark from a 2006 study still applies: “Efforts to improve
our knowledge of the energy use of refrigeration are often hampered by inadequate data collection
and limited availability of the process throughput data” (14).

A key challenge with estimating cooling emissions across sectors and datasets is the varying
definition of cooling, which may overlap: cooling is at times grouped with ventilation demand, and
in some datasets cooled storage is considered a separate end-use.

1. The Building Energy Efficiency Survey (BEES) (15) in 2015 investigated energy use in non-
domestic premises across England and Wales. In this dataset, refrigeration is categorised
through the end-uses of space cooling and cooled storage. All electricity use was 5.4 TWh for
space cooling and 9.2 TWh for cooled storage, giving a combined in energy use for cooling in
non-domestic buildings in 2015 of 14.6 TWh, resulting in 3.1 MtCOe greenhouse gas emissions.
This corresponds to 14% of non-domestic electricity use, or 7.5% of energy use. When
considering only industrial, retail and storage sectors, the sum came to 9 TWh, or 1.9 MtCOze.
Depending on the sector, space cooling and cooled storage represented 2-30% of non-domestic
building energy use; sectors with high cooling loads were retail (29% of building energy use),
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and hospitality (10% of building energy use). The study did not include energy demand of
industrial buildings and processes (e.g. refrigeration as a process in the chemical industry).

2. Energy consumption UK (ECUK) (16) provides a statistical breakdown of the energy use
published annually in the Digest of UK Energy Statistics (DUKES) (17). Unlike BEES, this dataset
includes energy consumption of industrial buildings and sectors where cooling is categorised as
“refrigeration”. It was not possible to identify the source of the statistical breakdown, and it is
believed to date from a survey in the 1990s. ECUK also includes an energy end-use breakdown
for commercial building (services) based on BEES, where cooling is termed as “cooling and
ventilation”. Refrigeration energy consumption is only provided for chemical and food and drink
industrial buildings and sectors, which represented respectively 15 and 29% of their electricity
use. In total refrigeration accounted for 5.7% of industrial electricity use, however no
refrigeration energy use was associated with the pharmaceutical industry, which appears to be
an omission. The associated emissions for refrigeration were 3.77 MtCOe, with 2.7 MtCO.e and
1.07 MtCOze for the industrial and services (commercial) sectors respectively. This data suggests
that the statistics used in EINA underestimate overall cooling energy consumption compared
with heating by a factor of 4, with more significant differences for the services sector where
cooling and ventilation represents 11% of the energy demand for space heating, and 24% of the
space heating requirement of industry.

3. National Air Emissions Inventory (NAEI) (18) from 2020: this provides direct emissions from
refrigerant leakage. Across all refrigeration use types, the direct emissions from refrigeration
amounted to 7.7 MtCO;e. The main sectors with direct emissions were commercial (3.2 MtCOe
in 2019, compared with 0.8 MtCOze in 1999), mobile air conditioning (2.3 MtCOze in 2019),
industrial (1.3 MtCO.e, compared with 0.3 in 1999), and transport refrigeration (0.7 MtCOze,
multiplied by 6 in 20 years). The types of system with the largest leakage were commercial
central systems and condensing units, such as those found in supermarkets.

Overall, the emissions attributable to TICR from these three data sources (omitting those potentially
overlapping), was 8.3 MtCOze, of which 5.2 MtCO,e were direct emissions. This represents 1% of all
primary energy consumption in the UK, and 2% of greenhouse gas emissions, and is likely to be an
underestimate as it does not include energy consumption in TRUs, data centres or in the
pharmaceutical industry. We note that the ratio of direct to indirect emissions from this data seems
reversed compared with the global IIR data, suggesting it is likely that a significant proportion of
cooling energy use is not accounted for. For instance, energy consumption of transport
refrigeration, or cooling in the pharmaceutical industry, is not reported.

3.3 Uncertainty in the data

While the values provide a useful starting range, the assumptions have not been revisited recently,
yielding significant uncertainty in the current demand for refrigeration. Furthermore, there may be
overlap in the assumptions across different datasets (i.e. commercial use of cold stores vs industrial
use). Data in the UK of emissions from cooling is often derived from multiple sources.

Paoli et al (2018) used DUKES to derive models illustrating the uncertainty in the end use data (19).
We analysed the outputs from the paper, which gives an estimate of energy consumption for cooling
of 140 PJ, which represents 2% of UK energy consumption, in line with findings from Section 3.2.
The breakdown for cooling was given over three sectors: industry, services, and residential (no end
use for cooling was denominated for transport), and is illustrated in Figure 2. Residential cooling
represented the largest share of energy used for cooling (57%), roughly equivalent to the combined
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energy consumption for cooling in industry and services. Overall, the uncertainty in cooling energy
demand was 45%, with industry having a 100% uncertainty in its estimate.
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Figure 2: Analysis of the energy use for cooling in industry, services and residential buildings from the
Sankey energy end use diagrams from Paoli (2018).

3.4 Breakdown of emissions by application sector

In addition to uncertainties on an aggregated level, there is a lack of granular data at sector level.
There are also inconsistencies between reports, as shown in Table 1. The third column indicates the
percentage difference between the energy consumption for cooling in ECUK and BEES for the same
sectors. For some sectors, such as community, arts and leisure buildings, the two datasets attribute
similar energy consumption to cooling, other sectors such as health, retail, or hospitality have
differences greater than a factor of 2. Some of the difference can be attributed to ECUK’s wider
scope beyond buildings energy use and considering process energy, and to being 4 years later.
Nonetheless, the large differences raise questions as ECUK services data is supposed to be based on
assumptions of breakdowns from BEES.

Table 1: Annual energy consumption in GWh reported for cooling and ventilation in ECUK services (2019)
data and for cooling, dehumidification and cold storage in BEES (2015), for the same sector breakdown.

ECUK BEES Percentage
Sector (GWhly) (GWhly) difference
Community, arts and leisure | 901 880 2%
Education 782 240 226%
Emergency Services 245 54 353%
Health 1760 500 252%
Hospitality 1113 1630 -32%
Military 221 84 163%
Offices 4358 2160 102%,
Retail 2215 7910 -72%
Storage 495 540 -8%

The six sectors with highest energy demand for cooling which fall within the scope of TICR are
described in Table 2. As the available data for these sectors vary, it is not possible to directly
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compare them. Breaking down cooling use by sector also provides analysts with the opportunity to
consider cooling emissions together with the role of refrigeration and the emissions they avoid. For
example, refrigeration in the cold chain (cold stores, TRUs, retail) can limit food wastage; cooling
systems can enable more efficient manufacturing processes and save lives (chemical and
pharmaceutical); and data centres are essential to supporting digital innovations and smart systems.
Benchmarks for cooling by application area could improve awareness of good and poor practice and
point towards adapted innovations.

To gain a better understanding of the role of cooling in the sustainability of UK non-domestic
buildings, we have identified two further data sources. These would need to be supplemented by
additional data collection to overcome the limitations presented in them as well.

1. Climate Change Agreements (CCA): 53 business sectors provide energy consumption and
emissions over 2 year reporting periods to the Environment Agency. The latest reporting period
is 2021-2022. Reporting is voluntary, but reduces the Climate Change Levy, a tax on electricity
and fuel bills. Several sectors with significant cooling demand thus report their energy
consumption, such as datacentres, supermarkets, and cold storage. However, the CCAs do not
report energy end-use, thus a statistical breakdown per sector would be necessary to
determine cooling loads.

2. The Non-Domestic Building Survey, an update of BEES, began in July 2021 to estimate energy
demand of all non-domestic buildings, and data will be available mid-late 2023. However, it is
likely to include only the building energy use and omit process energy use. Nevertheless, this
survey could provide us with a clearer picture of the number of buildings likely to use cooling.

Table 2: Six TICR sectors/ buildings with high cooling demand.

Cold stores

Cold stores have the highest

energy intensity for storage

type buildings (312 kWh/m?2).

Energy consumption for cold stores is
disparate, as many non-domestic buildings
operate their own cold stores, with fewer
centralised cold stores industries.
Altogether, the BEES data suggest cold
storage represents 6% of non-domestic
building energy use (15).

Data centres

Typically 30-40% of energy use
for data centres is for cooling
(20), and some analysts
estimate the data centre industry
corresponds to 1.5 % of UK energy use (21).

(((

Transport Refrigeration Units

HGV refrigeration adds 15-20% -R
to the vehicle's emissions (25). ToWlirg
This figure is uncertain and

varies by vehicle, journey type, temperature

Retail

Uncertain data due to the
variation in sizes and types of
retail, but it is estimated 30%
require ventilation (15).

=

Food and drink

of products placed in the vehicle, weather.
manufacturing
ECUK estimates 29% of

electricity use (7.5 % of energy

use) is for refrigeration (16), but the source
of the data is uncertain and needs updating.

Chemical and pharmaceutical
manufacturing

15% of electricity and 5% of

energy use is for refrigeration

(16). Pharmaceutical product manufacturing
also requires refrigeration (22, 23, 24), but no
statistics are reported in (16).
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4. ROLE OF INNOVATION AND TECHNOLOGIES IN REDUCING COOLING EMISSIONS

TICR is regarded as a mature discipline underpinned by vapour compression technology. This section
describes the assessment of innovation needs, innovation opportunities and stakeholder appetite
for innovation. It presents an approach to reduce future cooling emissions and the potential of new
technologies.

4.1 Gaps in innovation assessments on cooling

The global and national policy documents related to cooling suggest few innovation assessments
have been carried out in cooling technology. In the UK, the EINA published in 2019 aimed to identify
the key innovation needs across the UK’s energy system, to inform the prioritisation of public sector
investment in low-carbon innovation. The main recommendations for cooling were to use smart
control systems, and advance system integration with other technologies. However, the assessment
excluded analysis of innovation required in industrial, agricultural and retail refrigeration
technologies.

The food and drink sector has one of the largest footprints of refrigeration in the UK and it has driven
some innovation in refrigeration, as shown with guidance produced by the relevant industry bodies
(16, 26). The 2017 Food & Drink Industrial Decarbonisation and Energy Efficiency Roadmap (27)
identified refrigeration as one of the ways to drive energy efficiency through greater adoption of
the state-of-the-art technologies, such as increasing heat recovery and newer more energy efficient
systems. However, the authors recognised this would only be achievable with increasing skills and
awareness of such technologies in the sector. Similarly, the requirement to dissipate heat of the
growing data centre industry has led to data centre specific innovation assessments. For example,
immersive or liquid cooling is becoming the preferred cooling option in Chinese data centres (28,
29), due to its high energy saving characteristics for large heat removal loads. Nevertheless, the lack
of a coordinated view of refrigeration emissions reduces the potential for transfer of innovation
across sectors.

4.2 Potential innovations

As a mature discipline dominated by SMEs (ca. 95%) operating on low gross margins (ca. 10%) there
is limited capacity for innovation by industry alone, due to the perceived high risk and cost of
innovation. The discipline is dominated by low efficiency, low-cost vapour compression technology
(30) and with limited capacity and appetite for innovation, it is extremely challenging to disrupt the
incumbent technology. Furthermore, as cooling systems typically have a life expectancy of 20 years,
a lot of the industry focus is on adapting to the F-gas phase out (31), potentially satiating industry’s
appetite for further innovation.

The different reports commissioned by BEIS, DoE and the IEA identified similar innovations, as based
on related source materials (Table 3). The promising innovations are listed by decreasing TRL levels:

e Automation and Al: Improved demand side management through increased sensor
deployment and smart systems.

e System integration: Refrigeration systems produce a lot of waste heat, leading to significant
potential of heat recovery. Potential to integrate with low-grade heating systems. They are
also potentially dispatchable assets and therefore could be used flexibly.

e Reducing demand to specific applications: Advanced materials (e.g. surface coatings,
vacuum insulation) which are designed for increased recycling and reuse can reduce
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conduction and radiation losses significantly, being widely applicable. On the other hand,
better understanding of convection losses and associated technological mitigations can also
lower cooling demands e.g. aerofoils can reduce heat loss in supermarket cabinets (32).
Improvements to components: Advanced and highly efficient compressors and heat
exchangers have potential to significantly improve efficiency (e.g. extruded heat exchangers,
surface coatings, metal foam heat exchangers, enhancements to the condensation,
evaporation and single-phase heat transfer processes). There are also opportunities for
controls, particularly those that integrate with the electricity grid and other energy vectors
(33).

Alternatives to vapour compressions systems: Several alternative technologies which
reduce the need for refrigerants and with lower power demand exist, but their technology
readiness levels are currently low due to high cost, difficulty in assembling, and further
research in materials required (e.g. electrocaloric systems (34, 35), magnetic systems (36),
sorption systems (37)).

Energy storage: Potential for various innovation in cold storage through ice and various
other phase change materials (e.g. additives to promote enhanced PCM storage).

Sector specificinnovations: Could include immersive cooling in data centres or supermarket
display cabinet innovations.

As shown in Table 3, reducing cooling emissions can be addressed in numerous ways and mostly
have timelines of 2025-2030, highlighting the need for research and support to enable widespread
deployment.

Component Innovation opportunity

Table 3: Innovation map of cooling technologies identified in the EINA (5).

Impact on other
energy technology

Cost Eeniovent Relevant

reduction s technology

Main Unit

System

Design

Control

Q&M

Storage

reduction families

System integration with other technologies to further improve CoP,

including integration with heating systems, solar PV, and thermal 3 & Cooling family Heat pump family 2025
storage.

New chillers based on innovative new compressors currently in R&D

phase (e.g. build on current research which is already at TRLs from 3-7 4 2 Cooling family Heat pump family 2025-2030

on new compressor designs).

Heat exchanger-related innovations such as compact size, improved

materials and coatings, and new forming methods to provide new form B3 9 Cooling family Heat pump family 2025
factors.
Alternative to vapour compression cycle refrigeration (e.g. magnetic 5 4 Cooling family Heat pump family 2030

refrigeration, sorption cooling etc.).

Development of more advanced toolsets to model cooling demand and
identify most effective system design to meet need (based on big data 4 &3] Cooling family Heat pump family 2030
analysis) and facilitated by smart controls.

Linking cocling with the energy system. Smarter controls enhancing 3 >

flexibility for grid services (e.g. demand-side management). Cilivg Ewafy (Al I (Tl Bt

Smart control system providing: Better feedback to user on performance;

Impro_ved_ monitorin_g to reduce breakdowns and mainlenance;_ 4 3 All heat pumps Heat pump family 2025
optimisation of equipment and energy source hased on operating

conditions.

Use of phase change materials within, or integrated with, refrigeration 3 3 Cooling family Heat pump family 2030

systems to enhance cooling system flexibility (linked to smart controls).

Source: (1) LCICG, Technology Innovation Needs Assessment Heat Summary Report; 2016, Delta-EE for DECC, Potential cost reductions for Air Source

Heat Pumps, 2016; (2) IEA Energy Technology Perspective 2017; (3) US Department of Energy, Energy Savings Potential and Research,
Development, & Demonstration Opportunities for Commercial Building Heating, Ventilation, and Air Conditioning Systems, 2011; (4) Navigant and
Oak Ridge National Laboratory, The future of Air Conditioning for Buildings, 2016; (5) Expert interview; and E4tech & Vivid Economics analysis.

4.3 Consultation with key stakeholders on industrial buildings/ process cooling

Key to decarbonisation of buildings with cooling requirements is take up of innovations.
Consultation has taken place with external stakeholders through trade and professional bodies. The
consultation aimed at understanding the readiness of the sector for net zero, the level of knowledge
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of existing and future emissions, the potential for innovation in the sector and ways in which
research could support the discipline’s progress towards net zero.

The main points from the consultation can be summarised by the following:

Lack of awareness of when energy consumption was “good”: benchmarks for each industry sector
of good practice refrigeration use would be useful (e.g. energy consumption per floor area, or
kgCO,eq per output product such as bottles of beer, tonnes of processed food). In some cases,
specification of minimum performance standards would be welcome (supermarkets, data centres,
logistics). Improved data availability and guidance could enable this.

Guidance on innovation pathways: given the breadth of technologies with low TRLs, horizon
scanning of promising technologies for different applications would be helpful. While stakeholders
have heard of technologies, they are unsure whether to invest and further guidance could improve
confidence in innovation such as Al, change of materials, piping, zoning, etc.

Guidance on trade-offs between refrigerant use and energy efficiency: this can form part of an
upskilling initiative of installers. Several stakeholders raised the lack of up-to-date knowledge of
installers on how to fit and size cooling systems efficiently and expressed concerned about the
availability of energy-efficient technology which can use new refrigerants, and potential need to
install new equipment.

Innovation appetite: most stakeholders expressed willingness to invest in innovative technologies
when the return on investment was positive and the pay-back period was not too long. However,
while cooling systems represent a large proportion of emissions when considered together, they
are often not the leading cause of emissions on a site basis, reducing its prioritisation.

Overall the views from respondents were positive about innovation and a number said they would
invest in improved technology, suggesting it is lack of awareness of technologies and their potential
impact which limits their potential for reducing emissions. Consequently, further research and
innovation support is required. For example, benchmarking could be achieved by working with
professional associations.

4.4 UK Innovation opportunities

Opportunities for Government funding innovation in TICR exist, but these do not focus solely on
supporting cooling technologies. We list here the four BEIS government grants currently applicable
to cooling innovations:

e The Industrial Energy Transformation Fund: provides grant funding for feasibility and
engineering studies (38), and for the deployment of industrial energy efficiency and deep
decarbonisation projects.

e The Industrial Energy Efficiency Accelerator: supports the development of innovative
energy efficiency technologies available to industry to help reduce energy consumption and
cut carbon emissions (39).

e The Industry of Future Programme: will develop decarbonisation roadmaps for up to 40
industrial sites (40). Organisations may find that system efficiencies can be improved for
their cooling systems (e.g. heat recovery, improved technology).

e Energy Entrepreneurs Fund: in its 9t phase, this programme supports emerging low-carbon
technology development from TRLs 3-4 to 6-8 (41).
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Further innovation opportunities have existed in the private sector, suggesting the potential for
innovation to reduce emissions is not negligible. A recent example is the 2021 Global Cooling Prize
(30,42), which attracted 139 detailed technical applications from 31 countries in 2021. While this
applied to residential air conditioning systems, it provides a successful example of support where
the winning cooling solution had a least 5x less climate impact than the incumbent technology.
Further examples of industry funded research projects include the Comfort and Climate Box (43), or
the Dearman Engine (44).

A number of research and innovation projects have impacted or have the potential to impact
emissions in refrigeration. Emissions reductions due to refrigeration leakage have been driven by
the REALZero (Refrigeration Emissions And Leakage Zero) suite of projects initially supported by
industry and the Carbon Trust in 2010 (45) and latterly by the European Commission (EC) in 2018
(46). This project provided an evidence-driven approach to the development of knowledge and
toolkits for industry to reduce their emissions due to refrigerant leakage. A second example is The
Refrigeration Roadmap project, developed by the Carbon Trust (45), which modelled typical
supermarket configurations and explored the potential for different technological and non-
technical interventions. The EC also supported a project called ICE-E investigating benchmarking of
cold stores (47).

4.5 The TICR Project

The aforementioned knowledge gap in refrigeration emissions, together with the uncertainty
around existing databases and the industry’s appetite to understand potential routes for low-carbon
innovation has led to the development of the TICR project. Funded by BEIS, this is a new academic
and industry collaboration that will enable quantifying energy use and GHG emissions in the UK
from the key areas listed in Table 2. The aim is to guide the industry on its path towards net zero by
providing a thorough understanding of current energy usage and emissions, as well as a roadmap
for their mitigation at different levels, considering potential technological innovations and existing
best practices. Having started in November 2022, the project will run for two years, with progress
and outcomes being publicly accessible via the project’s website (48).

5. CONCLUSIONS

Cooling has been described as a “policy blind spot” by the IEA in several reports in 2018, 2019 and
2020. However, cooling demand is expected to increase with more frequent extreme heat events,
and warmer average temperatures. Yet the results in this paper have shown that our knowledge of
the current demand for non-domestic cooling in the UK is sparse. Through this review on emissions
and innovation opportunities for TICR, we have identified four key research areas which need to be
addressed to reduce the environmental impact of refrigeration in the UK.

The first problem relates to the uncertainty in the data around emissions from TICR. Our analysis
for the UK suggests the emissions for TICR account to 1-2% of UK energy use, and the uncertainty is
around 45% across all sectors (but up to 100% for specific sectors), thus more accurate estimations
are needed. The current position needs to be better understood to gauge its relative significance
and enable prioritisation in decarbonisation. This could be used as benchmarks for industry when
reporting their CCAs, as well as feed into the recently announced new and innovative performance-
based energy rating system for large commercial and industrial buildings (25).
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Secondly, once the baseline emissions are known, energy demand forecasts for TICR are essential
to determine effective decarbonisation roadmaps. Although individual organisations and industry
bodies have developed net zero roadmaps which at times consider cooling demand (FDF, CIBSE,
CFC, Carbon Trust), no study was found specifically to this effect despite the likely increasing
demand for cooling in the non-domestic built environment.

Thirdly, a non-sector specific innovation assessment is needed to determine potential
decarbonisation opportunities. The stakeholder engagement and innovation assessment presented
in this paper revealed barriers to increasing the rollout of cooling innovations which could be
resolved with improved innovation assessments. There is an expectation that cooling emissions will
be abated through electrification and most sectors show limited drive to reduce their energy
demand. On the other hand, the phase out of F-gases and red diesel offer an opportunity to upgrade
TICR systems and reduce overall emissions.

Finally, to support industry to decarbonise cooling, we must recognise the heterogeneity of non-
domestic cooling needs and designs. There is a need to develop tools and guidance with industry
bodies aimed to the varied stakeholders: operators, manufacturers, designers, users and installers.
Key questions such as the trade-off between changing refrigerants and energy use efficiency need
to be communicated and computed, along with effects on plant sizing, and availability of lower
emission technologies. Furthermore, the emissions of the cooling systems need to be considered
together with the emissions avoided from cooling (e.g. product wastage, more efficient
manufacturing processes). Overall the views from industry were positive about innovation, but
highlighted the need for further research and guidance on the potential impact and application to
each sector. This led to the development of the TICR project, which aims to address the knowledge
gap in non-domestic cooling emissions and support the industry in achieving net zero by 2050.
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