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%%%%%% Mechanics Institute to Global University

UNIVERSITY

* Scottish Institution, founded in 1821

* Rooted in mission to create and exchange
knowledge for the benefit of society

e First Mechanics Institute, starting a
worldwide movement

* Pioneer of access to education for men,
women and the working classes

Malaysia Campus, Putrajaya

—— -

* ¢.30,000 students globally, UAE and
Malaysia, including global community of
PGT online learners — Edinburgh
Business School
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Cold sits at the nexus of this challenge
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Artificial cooling is the backbone of our society

food, health, comfort, data
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Asian Pacific middle class could grow six-
fold to 3.2 billion in 2030 40% of food is lost post-harvest

Spending power could rise from S5 trillion
to $33 trillion. icrsased demend
Energy

f Climate \
Change

Built on cooling ....

Food* > Water

Increased demand Incressed demand
S0% by 2030 30% by 2030
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HERIOT Current breakdown of energy

WATT consumption for cooling

Global cooling energy consumption
in 2018

By sector By region

Global cooling sector CO2e
emissions in 2018

Mobile cooling Soace coolm
25% P 9

By sector By region

Sub-Saharan 3%

Stationary
refrigeration
34%

Mobile cooling

Africa
7%
Stationary

refrigeration
31%

Sub-Saharan
Africa
5%



HERIOT
WAT'T

&

£5]
e

UNIVERSITY

—
M

Billions
=)

o N O O

Number of cooling appliances in-use globally, by

sector (# of units)
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B Space cooling Stationary refrigeration = Mobile cooling

All cooling sectors global annual energy consumption [TWh]
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Projected growth in cooling demand

—All cooling total
energy cons. [GCI CT]

All cooling total
energy cons. [GCI AT]

—All cooling sectors
energy allocation
[From IEA 2DS]

=+ All cooling sectors
energy allocation
[From IEA B2DS]

data collated from GClI, Giz Prtoklima and IEA



Only half the picture

GCl projections of cooling equipment uptake still result in large portions of the world
not having access to space cooling, refrigeration or cold chain even in 2050.
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Total cooling sector energy consumption by sector
in current tech progress scenarios (TWhlyear)

20,000 . .
‘ mmm \obile cooling
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10000 = Space cooling
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2,000 . sector energy budget
0 .
2018 2030 2030 2050 2050 IEA B2DS Cooling
GCl  C4A GCl  C4A sector energy budget

All cooling sectors global annual energy consumption by scenario

vs. [EA cooling sector energy allocation [TWh] —GCl current tech
20,000 progress (GCI CT)
18,000
=+ GClaccelerated tech

16,000 progress (GCI AT)
14,000 —IEA 205 cooling energy
12000 allocation
10,000 = - |EA B2DS cooling energy

8,000 allocation

6,000 ——C4A current tech

progress (C4A CT)

4,000
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Total cooling sector CO2e emissions by sector in
accelerated tech progress scenarios (GTCO2ef/year)
20
18
186

mmm Mobile cooling

14 mmm Stationary refrigeration
12
0 mmm Space cooling
8
6 .
4 —IEA 2DS Cooling
. sector CO2e budget
2
0 IEA B2DS Cooling
2018 2030 2030 2050 2050 sector CO2e budget
GCl  C4A GCl  C4A

% of IEA RTS projected % of IEA 2DS projected
renewables capacity by 2050 renewables capacity by 2050

Current Technology Progress 49% 33%
Cooling for All - Accelerated 30% 539

Technology Progress



%%%%% Delivering “clean cooling”
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Cold sits at the nexus of this challenge
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There is a need to re-shape
the way we address cold
needs — system approach

Demand (GW) Typical Summer Day Load Profile
50

45 1 A/Cis ~30%
of all On Pea
energy used

* We need to start with the
services required, not
simply the electrical
demand

* We are still thinking
electrons, we need to
“think thermally”




HERIOT
@WATT

UNIVERSITY

Leverage new
business models

Leverage existing

business models

THE COLD ECONOMY

Transition from technologies to new system level architecture

4

h

delivering environmental and economic gain

COLD AS A SERVICE
New focus is on customer
service requirement at access
to clean cooling at affordable

prices (incl. servitisation)

The “COLD ECONOMY”
Harnessing renewables, natural

i create new integrated clean cold

resources and 'waste’ energy to
energy systems

Policy,
greater %age of
development
funding

CURRENT
First generation technologies

delivering clean cold and power
for multiple BE and aux engine

applications (TRU/Air Con)

STEP CHANGE
Non-electric optimised and

novel thermal technologies and
storage solutions

Leverage new
technologies

Leverage existing
technologies

The key question is ‘what is the service
we require, and how can we provide it
in the least damaging way’, rather
than ‘how much electricity do | need to
generate?’

Cold Economy - Systems Approach

System approach to cold

' Making

cold
Managing
cold
Firg
| cald
bAowing
cold

' Using cold ’
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Cold Chain (food,
pharmaceuticals)
——{( Five Steps tor Farm to-Fork Connectrvity )j
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Smart Integrated Thermal Grids

Buildings & Cities
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District Cooling for communities

Energy Sources — Air Conditioner

Cold Economy

Smart Thermal Grid

Energy Sources | > Services
Liquefied Natural Gas Multiple Temperatures Level thidges
Harvesting cold etc Air C_ond
Geothermal Service
buildings
. ) Food
Trading Platform -Agent-based modeling, Retail
block cha||:1$, statistical aggregation/ mapping Domestic
Technologies — Cold Energy Storage and Cooling
v_ect_ors _(e.g. ground, gravel storage of cold, Data centres
liquid nitrogen, water, new ones to be otc

developed)
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Waste Heat & Cold Usage

Heat/Cold | Example Sources Cooling Tech Cooling Applications Alternative Uses?
Resource

100-130°C Process waste heat, Absorption Chilling Process cooling air conditioning — Organic Rankine
turbine or engine mainly stationary Cycle Power
exhaust gases Generation

70-100°C  Food frying water Absorption and Process heat
condensate, solar Adsorption Chilling make up

thermal (vacuum
tubes) and engine
jacket water

10-12°C The earth, water Ground Source heat Multiple stationary applications in M/A
bodies like the sea pumps (cascade vapour comfort cooling and refrigeration
compression cycles),
underground storage

4-10°C Deep lake water District cooling networks Space cooling MN/A

0-4°C Snow Inter-seasonal snow Space cooling M/A
storage

-164°C LNG regasification District cooling networks  Air separation, process chilling and Direct cryogenic
+ Cryogenics freezing + space cooling. Cryogenics power cycles

can offer transport refrigeration too.
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We need to store renewable / waste energy to use on demand in grid or transport
applications

Liquid air is about storing cold and power

Harnessing Liquid Air
Liquid air iz about
atoring cold and power

710 INras 710 Inras
of alr

Wrongtime
Energy
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710 litres 710 litres
of air of air &
1 lots of
cold
)

Wrongtime I
Energy

LIQUIFICATION 1 litre of liquid

alr stored at
atmospheric
ssu ¥
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e S LIGUID AIR

P~ WARTE COLD NECYCLE

—ﬁ' WASTE HEAT RECYCLE e

500M tonnes a year by 2025
$50 a tonne

Question is how much can we capture?
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Cooling
Technologies
| |
Cooling Demand o ) Cooling Provi
Reduction Traditional cooling -0oling Provision
! !
_ Wapour Comp. Altemate Cooling
Cycles Methods
! I —_— |

Shade/Reduced [ T
Solar Gain

Coatings &
Treatments
Heat Sinks —

Maintenance

Thermal Storage
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Refrigerant
Qptimisation
Refrigeration
refrigeration

Air Handling
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Heat Exchangers g

Controls & Cycle

Themo-acoustic
Themo-elastic

Compressors

mm Cryogenics

am Cther PCM

Renewables and Energy Sources Integration

but currently very
limited research
and development

budget

PCM for air conditioner in
trains, buses and EVs Harness waste cold of LNG




%%%};8% The Ladder of Opportunities

UNIVERSITY

Given demand, need for both urgent intervention as well as long-term sustainable
strategies, we need a roadmap and pathways based on a ladder of opportunities.

“must have” — ensure basic needs are met for
all people whilst living within our natural
limits and mitigating future risks to our planet

Needs-driven
‘ leapfrog new
technologies

Think system
and how to
harness waste
energy to meet
cooling needs

Think thermally,
rather than default
to electricity — turn
waste heat and colg,

Active steps to into a value future proofing” —improving quality of life
E%%‘ljiﬁz dﬁmgggefor for all whilst equally creating abundance
Ensuring lowest GW need (building from our natural resources.

and highest energy design, passive
efficiency of current cooling, food

technologies — packaging)

maintenance, best in .
class adoption Behavioural changes

Disruptive Innovation
Increase efficiency New business Models
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CHALLENGE

Unmanaged

Increase in
demand for
cooling

What needs to happen to deliver
Cooling for All sustainably?

Immediate wins

Expand renewables

Deploy efficient
access

technologies

Building designs

inance an
Expanded
understanding

of need, GOAL

benefits and Access to
risks of Cooling but
: . N with reduced
cooling Step-change intervention B e
Low cost and ) in_"lp:acr :

off grid
Research coaling
into off-grid products

and low cost MNew Product

clean development * Hamess
coaling waste energy

System
Funding to support research, designs

innovation & first of a kind
deployments
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Phase 1

Roadmap

Systems Level Problem Definition
Assess Cooling for All at the systems level for
alternative technologies, energy sources, business
models and multi-industry resource efficiency
sharing mechanisms.

Multi-stakeholder Consensus
Engage and drive consensus across the main
stakeholder groups (policy, customers, industry,
developers and financiers ) on the most scalable
and sustainable solutions categories

Roadmap
Intervention roadmap (technology, policy, finance,
etc) to 70% reduction in electricity usage

ppen to deliver

Cooling for All sustainably?

Phase 2 Phase 3

Delivery Accelerate

Fund Innovation development Policies to unlock finance
Connect research institutes OEMs, VCs, policy Create the market environment (policies and
makers and customers to collaborate on the business models) to attract infrastructure
delivery of high impact innovation. investment to deliver "Cooling for All"

Skills
Identify the skills gap (design through to
installation and maintenance) and connect
educational institutes OEMs, policy makers
and customers to collaborate on the delivery
of accelerated solutions

Prove
Eliminate the performance risk and
demonstrate impact through live market
testing and validation in four Living Labs

Access to Industry
Engage globaly | to scale alternative
technologies

Effective Knowledge Transfer
Use system level model, in-country living labs
and manufacturing accelerator to roll out "fit
for market" solutions across new geographies
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The Community

Govt bodies
promote awareness of the

issue -
" 4 !
build a community
bodies
report on the status of relevant
funding, policy, and technology, ‘ l
engage with organizations with
the mandate and resources to Research
form partnerships.

Communities
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COMMURNITY AND MARKET ENGAGEMENT

Communication and
knowledge sharing

Codes and Standards Undergraduate training
Technology roadmap e Financial models

CLEAM
COOLING Energy System models and
HUB design

Policy LE'-EIjE‘r'iniF'

In-country training and
capadty building

Centres of Excellence and
Technology research Living Lab Demanstration

Aocelerated manufacturing and
knowledge transfer

Collaborative building design
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An integrated, seamless and resilient network of refrigerated and temperature controlled
pack houses, distribution hubs and vehicles used to maintain the safety, quality and
quantity of food, while moving it swiftly from farm gate to consumption centre.

It should enhance economic wealth, cash flow and security for farmers and improve food

quality, safety and value to the customer; and achieves this with minimum environmental
impact.

Increasing farmers’ incomes

Feeding the world
/—( Five Steps for Farm-to-Fork Connectivity %

We need “clean cold”
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Meeting Cooling Demand Growth within the 2 Degrees Budget

Intervention Roadmap

Radical innovation to achieve a 70% reduction in
electricity usage for cooling

%,

Cooling for All
Current Technology Progress
19,600 TWh

Interventions GCl Demand Forecast
Shart term measures
Social /culture HTE:G u-:e b; a;f:t.?;::h Current Technology Progress
9,500 TWh
Policy Short term to ge
some of the way and
Technology reduce impact now Medium to long term to
get the whole way
Skills Maintenance
Known best in class - ]
' Step change solutions
Research FRCILICK chyrsi uqurir:l:;J[: il the L:r; - 2DS Energy Budget
(making sure plan . - 6,300 TWh
. against unintended
Business canseqguence embedded
in the syste A/
3,900 TWh i
WHEI'E we Long term ambitions -

are today 2018

can constrain short
term deliverables

2020 2025 2030 2040
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