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The Clean
Growth Strategy

Budding our|
Industrial Strategy

Clean Growth Strategy - a
significant role for

UK CO,, emissions 2016

Low carbon heating,
Delivering Clean, Smart,
Flexible Power and
Accelerating the shift to low
carbon transport

Net-zero emissions by 2050

]U

H\W Gowamvmact

The Ten Point Plan
for a Green Industrial
Revolution
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Ten Point Plan for a

green industrial
revolution includes
installing 600,000 heat
pumps/ year by 2028
and the transition to
electric cars by 2030.

Energy efficiency a key
instrument in energy
security
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Industrial Decarbonisation Strategy

« UK industry sectors: metals & minerals,
chemicals, food & drink, paper & pulp,
ceramics, glass, oil refineries, etc,

* Account for 1/6th UK emissions
Industrial

Clustered sites Dispersed sites Deca rbonisation
37.6 MtCO,e 33.6 MtCO,e Strategy

March 2021
CP 399

emissions from

Non-iron and
steelindustry

Dispersed Energy intensive Less energy
and steel cement sites gxcluding cement) intensive

2018 to 2035 by
two thirds
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Cooling as a priority

Cooling essential to

Coolina dearee davs reduce overheating,
g J _ y food and
| are going to increase pharmaceutical waste

Global warming

“irreversible”

IPCC 2022

. 9500 TWh in
Energy for cooling 2050

A

/

3900 TWh in 2018
Number of cooling

appliances
PP 14 bn in 2050

3.6 bnin 2018

v
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* Food and drink industry is the largest
manufacturing sector in the UK

* Responsible for 176 MtCO,,, emissions
(excludes, pre-farm production,
packaging, food waste, land use
change)

« Food security is an integrated global
iIssue - UK reliant on imports; 83% of
fruits, 47% of vegetables imported

* Majority of companies SME (many
micro SMES)

« Climate change and impacts are an
Increasing priority
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Cooling demand is expected to increase in the future
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How to deal with future trends?

Heating/Cooling are:
= Large users of energy
= Producers of carbon

Cooling demand

= Some applications predicted to grow 50x

= Adding 100GT to 2050
= Equivalent to 0.5°C of additional
warming

Heat is responsible for 32% of total UK
carbon emissions

Emissions and Energy

12000
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Space Heating
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Total Room Air Conditioners (RAC) stock

Million of RACs
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048 2050

m China m India m Middle East United States m Indonesia

w Japan & Korea u European Union m Mexico m Brazil m Rest of the world
Source: The Cooling Prize, Solving the Cooling Challenge
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How do we change a consolidated industry?
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Thermal comfort Removing heat and maintaining Maintaining stable
stable temperatures for industrial temperatures for food
and commercial purposes and medicine transport

and preservatinn

Mobile Air Space
Conditioning Cooling

Cooling in Indirect district : : : Y

passenger cooling and room i supermarkets, goods over of food and

cars, air conditioning or i restaurants land and sea, extension of
commercial  fans for human i i and other retail preserving its shelf life

vehicles, comfort and safety marine) and premises, e.g. i

buses, trains, in buildings pharmaceutical display cabinets

Application

planes etc. i and cold rooms

.- . <
Mobile ACs  Heat Unitary AC chil Industrial Commercial Domestic

pumps ACs refrigeration refrigeration i i refrigerators
equipment  equipment

Technology

containers
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@ Globally In the UK

1-2% of GHG
emissions

7-8% of GHG
emissions

Total =

Total =
11 MtCO2e

4.14 GtCO2e

3.4% of global energy ~ 6% of industrial electricity use,
consumption (IEA, 2020) ~ 2% of total UK energy use

17% of electricity use (IIR, 2017) Let’s break this down further...
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- Energy consumption UK 2020 ,
2 Cooling and

® Refrigeration ventilation

No data for data centres, pharmaceutical, transport refrigeration

- Building energy efficiency survey 2020

Cooling and dehumidification
Cooled storage
Space cooling

% Cooled storage L3
Space cooling

Data only for industrial buildings, no data for process energy use

Industrial Commercial -

- National Air Emissions Inventory 2020

% Industrial DX %, Commercial central
systems, systems/condensmg
small/medium/large units, chilled/frozen

Missing: large assumptions about the stock
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UK national data

Statistical Release 30 September 2021 MY s

Department for Energy Consumption in the UK (ECUK) 1970
Business, Energy  [{odtPd1}
& Industrial Strategy

BUILDING ENERGY
EFFICIENCY SURVEY,
2014-15: OVERARCHING
REPORT

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

Community, arts and

leisure 901 880 2%
Education 782 240 2260
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%
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Uncertainty

Conversion

Fuels Sectors End-uses Devices

Useful Categories

Road Mechanical

Diesel Engine

IMotlon [0.88 EJ]

Liquid fuel

Aviation

Navigation Heating[2.5EJ]

Gas
 Coolth [0.40 EJ)
v ) g Information[0.14 EJ]
Electricity ‘
v
Coalyg o 3 Cooling >
— .L%_. Process. Cooling "
i 2 S 0ss
| i
Solld pioviats '<-/ \.ICT Electronics g _ e
Heat,. B N ghight Light Device ge -
Total Final Energy:5.8 EJ Total Useful Energy: 3.9 EJ

Energy use (PJ)

)0
90
80
70
60
50
40
30
20
10

Paoli, L., Lupton, R., & Cullen, J. Useful energy balance for the UK: An uncertainty analysis.
Applied Energy, 2018, 228 176-188. https://doi.org/10.1016/j.apenergy.2018.06.063

20+20 PJ

industry

On average, 45% uncertainty in
cooling energy use

80+10 PJ

40+15 PJ

services residential


https://doi.org/10.1016/j.apenergy.2018.06.063
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Important TICR sub-sectors

="

Maritime

shipping

Transport
refrigeration
units

Cooling adds
15-20% to
vehicle’s
emissions

Az o E

Chemical Food and Data
Pharmaceutical drink centres

7.5% energy
use for cooling

(15%
electricity)
5% energy use 30-40% energy
for cooling use is for
(30% cooling
electricity)

Power plants
Refineries
Paper

| &

Retall Cold stores  Hospitals

Varied sector
and demand,
but typically
30% require
refrigeration

Exist across
supply chain -
6% of all non-

domestic
building energy
use
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Stakeholder engagement

« Cold Chain Federation

 Food and Drink Federation

* Retail Energy Forum

« DfT

 Defra

« BEIS

« Sustainable logistics forum

 Tech, media and telecom forum

» Institute of Refrigeration

* Chemical Industries Association

« Air Conditioning and Refrigeration Board
* Federation of Environmental Trade Associations

19. To what extent do you agree with each of the following statements?

More Details

W Completely disagree

nnovation is expensive and risky

We are not particularly aware on how to reduce our
energy demand for refrigeration

There are a lack of skills on refrigeration (plant sizing,
F-gas regulations, operations and servicing)

We are concerned with our CO2 emissions

We are trying to reduce our refrigeration energy
consumption

Benchmarks for good energy consumption of
refrigeration would be useful

Further guidance on how to minimise refrigeration
ions and innovation would be usefu

We do not have time or resources to innovate

There are not any innovation funding opportunities
that apply to us

100%

M Somewhat disagree M Indifferent W Somewhat agree W Completely agree

0%

100%
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Stakeholder engagement

Lack of awareness of when
energy consumption was
“good”

Need industry benchmarks

Guidance on decarbonisation
pathways

Assessment of abatement
potential of innovations

Would invest in energy
efficiency for positive return on
iInvestment

Need to assist innovation
appetite

Trade offs between refrigerant
phase down and energy
efficiency

Guidance on relative impact
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Problems identified

Problem 1: Uncertainty of
data on emissions from
refrigeration
What are the current refrigeration energy
demand and emissions across the

transport, industrial and commercial
sectors?

Problem 2: No plan for
decarbonisation of
refrigeration

How will this refrigeration demand
increase?

Problem 3: Lack of
benchmarks

What is good or poor practice?

Problem 4: Lack of tools,
guidance and support

What tools do end users and practitioners
need to deliver net zero in TICR sectors?

What are the most promising innovations to
reduce energy demand in refrigeration, and
which areas need government support or
will be industry led?

20
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Proposing a five stage research project

E: Innovation and policy: support

for specific innovations and
B: Developing technology in practice

models and
roadmaps

C:
Benchmarking
good practice

to 2050

D: End user
toolkits

—
= Az o E m o
(= ]

Transport Maritime Chemical Food and Data Power plants Retail Cold stores  Hospitals
refrigeration shipping Pharmaceutical drink centres Refineries
units Paper

21
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Benchmarking opportunities

Climate Change Agreement
data

Big data opportunities

Benchmarking

National Australian Built
Environment Rating Scheme
(NABERS)

Specific Energy Consumption

https://www.star-ref.co.uk/news/star-refrigeration-launches-new-energy-
consumption-benchmarking-app-for-the-tcsd-industry/
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TECHNICAL AND WHOLE BUILDING PRACTICE

TECHNOLOGICAL MAINTENANCE

External drivers
critical for system
Integration
e Can they be

il
combined” Cross-sector

application
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End User Roadmaps

Payback period (years)

For the baseline store

Store dehumidification

Training

RD404A replaced Occupancy
by R407A sensors and
controls - cabinet

Cleaning lighting
Nightblinds
Elie Curtains Suction pressure control
lighting i~ e
ipon-LELY Recommissioning Floating head pressure
Condenser fans Evaporator fan motors
1
0.0 05 1.0

Time to application (years)

—
CARBON
T

Refrigeration
Road Map

%)
)
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Innovation opportunities

e Industrial Energy Transformation Fund:

£12m fund

e Industrial Energy Efficiency Accelerator:
supports technology development TRLs
5-8

e Industry of Future programme (2021-
2023): decarbonisation roadmaps for

industrial sites

e Energy Entrepreneurs Fund: 9" phase,

TRLs 3-4 to 6-8

A few examples
University of Hull —

evaporative dew point  /\€rofoil energy — new

cooler with COP of 40 technology for
supermarket cabinets

Sunswap — solar
powered
refrigeration units
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GOOD PRACTICE GUIDE 280

» Lots of resources already Energy efficient refrigeration

. technology - the fundamentals
exist

« Can we put them in one place

 Lets have a look?

Heat dissipated

082 3a1N9 FDLLOVId 00D
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Reducing direct emissions from RACHP together

realzero

www.realzero.org.uk




o
gﬁgii%”;?rg;g:gy Zero Refrigerant Leakage @a

& Industrial Strategy

Reducing direct emissions from RACHP together

100000 -
90000 -
80000 -
70000 -

60000 - ™
50000 -
40000 -

30000 -
20000 -
10000 -

0 —+

Retailer X

Retailer Y

Retailer Z

Total Refrigerant Loss - kg

2008/09 2009/10 2010/11 2011/12 2012/13
Year
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REAL Alternatives 4 Life

» Applies principles of REAL Zero to low GWP
alternatives

» Address skills barriers with practical training
material and train the trainer programme

» Addresses safety, reliability, efficiency and gl?*ae! alternatives
containment concerns P

» Provides a consistency of training across EU
(originally five languages).



' ) Language
real ¥ Engl
T Al alternatives < English (UK) |V

REAL Alternatives

eurxpe
Department for 5
BUSIneSS, Energy BLENDED LEARNING FOR ALTERNATIVE REFRIGERANTS
& |ndustr|a| Strategy ABOUT US GET TRAINING BECOME A TRAINER SITE PASSWORD CONTACT US SIGN UP FOR NEWS TERMS OF USE
E-LEARNING Scope and history
FREE GUIDES
E-LIBRARY The European F Gas Regulation encourages wider
adoption of alternatives to high GWP HFC refrigerants.
CPD Industry groups are joining together to help provide
information on the safe use of alternatives such as
CESKY ammonia, hydrocarbon, carbon dioxide and low ¢
flammables though the REAL Alternatives 4 LIFE w
DEUTSCH learning programme.  Resources developed as part of
the project offer innovative blended learning - a mix of
EESTI e-learning, face-to-face training materials, practical
5 exercises, assessments and an e-library of learning ) =
ESPANOL resources - the programme has brought together ‘ AN
industry knowledge and expertise from across Europe
FRANCAIS about alternative refrigerants.
HRVATSKI REAL Alternatives 4 LIFE has built on the successful
REAL Skills Europe & REAL Zero containment
ITALIANO approaches. (Refrigerants, Emissions And Leakage -
Zero). It was prepared by a consortium of Partners from
NEDERLANDS across Europe, co-funded by the EU, included training ¥
and professional institutes as well as employer
POLSKI representative bodies. / zeALAND
PORTUGUES Industry stakeholders drawr_1 frpm employers, I R S ALGERIA
manufacturers, trade associations and professional
ROMANESC institutes have contributed learning material, advised on content, helped to pilot and to promote the programme as it developed.
v The free multi-lingual learning materials are available for individual development or use as classroom training materials. They include e-
SLOVENSKY learning content, electronic tools, a comprehensive library gathered from existing resources. The e-library contains over 100 useful industry
resources.
SUomMI
TURKGE
How you can access the materials
EAAHNIKA . s
Sign up for our e-learning programme
PYCCKWUM

Register on the website to download learning materials

View or add to our e-library of useful information from industry

https://www.realalternatives.eu/
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System Using Best
Performance Technology

Reducing
the Need
for Cooling

Working
Together

Balancing
Heating
and Cooling

Intelligent

Energy Use

People
and Skills

Good Practice and Technology

Guides
Case Studies/Benchmarking
Policy Papers for Stakeholders

Communications campaign

messaging
Organisations working together

CPD training on efficiency



Beyond Refrigeration End User Roadmap
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In June 202

Published

Balancing
Heating
and Cooling

Using Best
Technology

System
Performance

IOR

R ACHP

Reducing
the Need
for Cooling

Intelligent
Energy Use

Working
Together

People
and Skills

ﬁ:#IOR.org.uk

REFRIGERATION AIR CONDITIONING HEAT PUMPS

Beyond Refrigeration — an IOR template for the steps to Net Zero cooling &I,O,Bgf.’([?:“"‘

Climate Change is an issue that everyone in
all sectors needs to address. The purpose of
Beyond Refrigeration is to develop guidance on
how we can begin to address these issues in the
refrigeration, air conditioning and heat pump
sectors working back from what net zero in 2050
would look like. This document is a draft -
inviting reflection, comment and discussion.

Why is this important? If we do nothing today the cost to
business is that we might not be in business by 2050. Net zero
isn't just about using renewable energy ~ you need to make
informed decisi your future o risk bei i
stranded assets ~ equipment you have to get rid of because it isn't
compliant olici oris
costing you too much to run. A changing environment with more

What does net zero mean? Put simply, net zero refers
to the balance between the amount of greenhouse gas
produced and the amount removed from the
atmosphere. We reach net zero when the amount we
add is no more than the amount taken away. A gross-
zero target educing all emissi zero-

The templat i d

specific. In this way it can be adapted for use by any
company or sector to help them to plan and review their
strategies for working towards achieving net zero over the
next 30 years. It was developed by a range of users and

this s not realistic, so instead the net-zero target
recognises that there will be some emissions but that
these need to be fully offset. The UK is the world's first
major economy to set the challenging target of being a
net zero economy by 2050, The RACHP sector as a
major user of energy (indirect ) and global

d will be regutarly revised
and updated as an evolving dynamic strategy as we move
towards our shared goals. You will need more business
specific advice and guidance on how to achieve these steps
and there are plenty of resources already available or being
d by sector basis— i a
list of the end and these are useful for both

(direct an
to play in this. You can read more about UK government
net zero plans from the links at the end of this
document.

How to use this template. The IOR s 2 charity has the
remit to support the development of technology for the
public benefit. It has developed the Beyond

i temp help users of cooling

extremes of heat will put more demand on We
need to reduce the climate impact of cooling activities whilst
meeting the increasing demand for cooling services. All this, at

3 ity and cost
effectiveness. Businesses large and small, manufacturers or users
of cooli iidance on how to address
these challenges. They need to have a shared purpose and
framework to work together in order to plan for their business’
future based on understanding the total cost of ownership of

s -

their cooli ~ fir

The process...

Celebrate success

to plan and take action starting with the end in mind. It
identifies seven key areas that they need to address and
provides suggested Steps on how they can begin to
work towards net zero in each of them. The Steps
begin by looking at what is a good starting point today
and then provide a series of graded actions to take to
that will help them move along a pathway towards an
ideal end goal of et zero for that area.

LEE

larger businesses wanting an industry-standard comparison
and smaller businesses who need help to get started. In
addition Government schemes such as Climate Change
Agreements, Enhanced Capital Allowances and Energy
Technology Lists provide financial incentives that can
support your choices.

How to get more involved. If you want to help
this process to evolve and share steps you are
taking towards net zero you can signpost
additional resources and contribute to this
work by signing up to our Beyond Refrigeration
Working Groups at

ior.org.uk/beyond-refrigeration
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= Policy Responses/Statements
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= Response to the HBS strategy
$#TOR org uk

R CONDITIONING HEAT PUMPS

MEMBERSHIP v TECHNICAL ~ ENVIRONMENT v EDUCATION v NETWORKING v EVENTS ABOUT ~ SHOP v

= Heating & cooling policy brief

> » Heat and Buildings Strategy

: IOR members ready to deliver on Heat and Buildings Strategy
= Developing the best people

an d S kl I IS po I I Cy b rl ef The Institute of Refrigeration (IOR) welcomes the Government Heat and Buildings Strategy published earlier this week as a step

towards net zero. In particular, we support the focus on the need to decarbonise virtually all buildings, the encouragement for heat

pumps and heat networks, the emphasis on energy efficiency of buildings and the system-wide approach to energy. The need for a
whole system approach to efficiency- rather than just a component focus - is something that the IOR has been eager to see within $ I 0 R
policy for many years. Equally the new focus on research and innovation, heat pump affordability and performance metrics for large oA e
industrial commercial facilities over 1000 m? is very much welcomed and will help the refrigeration, air conditioning and heat pump

(RACHP)industry sectors make real and sustained progress towards supporting owner-operator net-zero goals.

= Statement of responsible
refrigerant selection
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Innovation Community on

Affordable heating and
cooling of buildings
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Improving our systems to achieve 5x lower climate impact

Global ooling

o
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Team Polar
Team Sub-Zero

Team Ice

Team Frost

Team Winter |Prototyp "= (der mail

Baseline Unit 1*

Baseline Unit 2*

X lower impact

5x lower impact

Team Glacier |Unit dist o ted due -ational issues

1
60% best in class
100% Base line unit

Team Frigid |Team m astallatic iline

Team Snow |Team m nstallatic iline

0% pAS

Winhingteams achieved >5x lower climate impact
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We are commissioning a research project to
address some of these questions.
- Budget up to £680k

- Application window May-June 2022
- Project Sept 22-Aug 24
- Supplier day 39 May 2022 at 3pm

https://bidstats.uk/tenders/2022/W16/773128601 ”

Department for
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& Industrial Strategy
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* Need more robust information on current and future emissions
* Need to better understand potential innovations
* Provide support for end users to drive their decarbonisation

« Opportunities to work together

Department for
Business, Energy
& Industrial Strategy
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Graeme Maidment, E-Mail: Graeme.maidment@beis.gov.uk
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