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From 80% to 100% cut in greenhouse gas emissions

Climate Change Act:

“It is the duty of the Secretary of State to ensure that the net UK carbon

account for 2050 is at least%.o%)/ower than the 1990 baseline.”
(o)

* Net Zero is likely to mean Absolute Zero:

100% A « Carbon removal must always take more energy than
carbon emission

- - * Doubling UK forest would only offset 2 years of UK
50% =~ ~ _India

emissions
USA (Obama)
California
EU * "80%" meant that everyone thought they were in
% ‘ > /
0/1990 S 5585 the 20%. “100%" sets an agenda.
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The reality of the pace of technology implementation

Invention, development Maiket deployment
and demonstration commercialisation ~ Growth

Nuclear power
(France)

Wind electricity
(Denmark)

Combined Cycle
Gas Turbines (UK)

Solar electricity
(Germany)

10 20 3|o 40 50 years
1

—
29.5 years !

July 2020 2050
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Closing the gap

Imported
goods

« Expanding renewable energy capacity takes time. Nuclear
energy even more time!

Anticipated
energy gap

« Deployment of negative carbon technologies will take time.

« As aresult, there will be a gap between available zero-carbon
energy supply and energy demand.

« This gap is expected to be half of energy demand in 2050 —
this is a very big gap!

20000 2010 2020 2030 2040 2050

Historical and extrapolated low Projected need
carbon electricity production in 2050
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Closing the gap

Absolute Zero
* We don't have time to wait for negative

Delivering the UK's climate change commitment with

incremental changes to today's technologies

carbon and breakthrough technologies to
close the gap.

But we can plan to respond to climate change
with today’s technologies with incremental

change.

This requires a public discussion about the
future of industry and lifestyles!

http://ukfires.org/absolute-zero/

Absolute Zero, 10 Jul 2020
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Innovations to make more use of less energy

All electric
today

Today
all fuel

2050 electricity

Electric
enengy

Mion-glectric enangy
and process emissions

Buildings

Industry
Materials

Transport

All energy uses will have to be electrified.

We will only have zero-carbon electricity to supply
~60% of our projected needs.

But we can find ways of make more of less use of
energy.

This will be challenging for all sectors, but particularly
hard for transport.

Absolute Zero, 10 Jul 2020
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Innovations to make it easier: industry

All electric
today

All fuel
today

UK Materials 2050 supply

“fair share”

Loss in electricity
production

Waste processing

Plastic goods Electric

Electrical engineering energy

Food & beverage

processing Non-electric
Mechanical energy and

Transport equipment engineering process
emissions

Other manufacturing Construction

Life extension: cars, industrial equipment, and clothes are used
for twice as long allowing extra energy to maintain them

Reduce overdesign and product size - material use in
buildings, cars, equipment and large goods is reduced by a third

Energy efficiency: average device efficiency

raised to current’best available technology
‘ Avoiding over-use for example of fertiliser,
packaging, un-necessary product replacement
d Reduce scrap in manufacturing
and construction by 50%

Demand reduction with today’s technologies:
Purchasing of new buildings, infrastructure,
vehicles, industrial equipment and large applianc-
es reduced to 60% of today’s levels.

Absolute Zero, 10 Jul 2020
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Innovations to make it easier: buildings

All electric
today

All fuel
today

2050 supply
“fair share”

Losses

Appliances

Electric
energy

Lighting

Non-electric energy
and process emissions

Space heating
and cooling

Water heating
Cooking

Heating to be delivered by heat pumps in the form of
warm air or low temperature water, instead of hot water
system at 60°C; Heat pump efficiency improves.

-80 Appliance efficiency continues to improve at current

J rates
All new builds (domestic, commercial and
-80 institutional) to be built to passive house standards
by 2050; by 2050 this is 219 of the housing stock

All unimproved current buildings to be retrofitted with
-60 roof/attic insulation, and single to double glazing

Lighting efficiency continues the current level of
compound reduction (-23% in the last 9 years)

-270 -20

Demand reduction with today’s technologies:
All today’s heaters and appliances used 60% less,
for example turning down thermostats, avoiding
heating unoccupied rooms, and choosing smaller
appliances.

Absolute Zero, 10 Jul 2020
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Innovations to make it easier: transport

All electric
today

2050 supply
“fair share”

All fuel
Losse_ today Electric
~_ Rail energy
Domestic shipping

Non-electric energy

International shipping
and process emissions

Domestic aviation

International
aviation

Road passenger

Road freight

Rail

Regenerative braking in vehicles could save 15% of
J energy usage, and 5-25% in trains

220 Logistical improvements save up to 30% of current
energy demand for freight transport in the UK

Lighter-weight vehicles: passenger vehicles
-20 on the road average 1000kg by 2050

Switch to rail: 10% of current passenger
-15 car journeys are made by rail
-10 Reduced drag and better tyres reduce energy
-70 -5 usage in cars by 5%, freight and rail by 4%

Demand reduction with today’s technologies:
All vehicles cover 60% less distance, or with 60%
more passengers/load per vehicle.

Absolute Zero, 10 Jul 2020
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Innovations to make it easier: transport — two key challenges

Mode shift
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Four key ac:t|V|t|es Wlthout substitutes
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Four key activities without substitutes
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Four key activities W|thout substitutes
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Four key activities without substitutes
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Four key activities without substitutes

-

l -

Lamb
Beef
Chicken
Pork
Pulses
Barley
Fish
Eggs
Rice
Beans
Carrots
Milk
Wheat
Potatoes
Oats
Maize
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Pathway to Absolute Zero

Road vehicles

2020-2029

0 3 engines ends;
new vehicle Introduced from now on mu:
compatible with Absolute fero

and Internathonal rall as
JoW-0Ccupancy car travel

2030-2049

Al new vehicles electric, average size of cars
reduces to ~1000kg.

2050 Absolute Zero

Beyond 2050

New options for energy
age linked to expanding non-a g elac
may allow demand growth

increasa with Incn

Electric planes may fly

Flying ’ S with synthetic fuel once there are excess non-emitting

electricity supplies

Somi naval sh
with enboard nuclear power and new stora
may allow ale:

frelght ships operating

All shipping dedlines to zero.
Ipping must contract PRIng: 45 10 26K

Shipping

Edectric heat pumps replace gas bodlers. and
Heating buliding retrofits (alr tightn
axternal shading) expand rapldly

Option to increase use
of heating and cooling as supply of non-emitting
electricity expands

Programme to provide all interior heat with heat
pumps and anergy ratroifts for all bulldings

Haeating poweared on for 60% of tod o,

All appllances meet stringent eMclency
to use 60% of today's energy.

Total energy required to cook of transport food
reduced to 60%.
Demand for scrap steel and ores for electrification
i to cement and iron production
r—— " Material production may
32;“;1;::;5;3‘;:::;;::[‘::2:1;3 fotal 60% expand with electricity and CCS, CCU, ydrogen may
enable new cement and steel.

Any cement must be produced In dosed-loop, Growth i vent replacements to allow more
new bullds highly aptimised for material saving. architectural freedom; new steel may become aval

Electrification of all applia and reduction in

Sk to cut power requirem

Appliances N

National consumption of beef and lamb drops by Beef and lamb phased out, along
50%, along with reduction in frozen ready meals Imparts not transported by traln; fertlliser use
and alr-frelghted food imports greatly reduced

Energy available for
fertilising, transporting and cooking Increases with
zero-emissions electricity

Mining material Reduced demand for ron ore and limestone as Iron ore and Limestone phased out while matal
9 blast furnace ron and cement reduces. Increased scrap supply chain expands greatly and
sourcing demand for materlals for electrification develops with very high precision sorting

Demand for lron ore

Materlals Steel recycling grows while cement and blast Cermnent and new steel phased out along
roduction fumace Iron reduce; some plastics with process amitting plastics . Steel recycling grows.
p emissions reduce, Aluminium, paper recuced with energy supply.

Reduced cement supply compensated by All conventional mortar and concrete "
Construction Improved material effickency, new steel replaced out, all steal recycled. Focus on retrofit and
] adaption of existing bulldings.

Manufacturing inputs reduced by 50% compen-
sated by new designs and manufacturing
practices. No necessary reduction output.

Restoration of reduced material supplles allows
in output, although some goods will in

Mast goods made with 50% as much materal,
future be smaller and used for lenger than previously.

mnmm“ng many now used for twica as long

Electricity

Fossll fuels

Wind and solar supplies grow as rapldly as
possible, with assoclated storage and distribution.
Rapld expansion In electrificlation of end-uses.

[Four-fold increase in renewable generation from
2020, all non-electrical motors and heaters
phased out,

All enargy supply is now non-emitting electricity.

Demand for non-emitting electricity drives ongoing
expansion in supply.

Development of Carbon
Capture and Storage (CCS) may allow resumption
of uise of gas and coal for alactrcity
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Change is happening

Heathrow's 3 runway was cancelled by court
ruling, because it was incompatible with the
Climate Change Act.

This and possible future similar actions will

| , have substantial financial impact across all

| < RUNWAY industries and business.

\ =4 However, by starting to think about to reach
Ty " A B zero emissions, we can make sensible strategic
recommendations.

Controversial plans for a third runway at Heathrow Airport have been thrown
into doubt after a court ruling.
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A VALUE RETENTION
LANDSCAPE

Owain Griffiths T Head of Circular Economy Strategy

AAAAAAAA
PPPPPPPPPP

EEEEEEEE
JDAKDEN

—1 () AN



OAKDENE HOLLINS

Oakdene Hollins is responsible for:

Owain Griffiths ( N
// "’ Eu NS
- | et tcolabel,
owain.griffiths@oakdenehollins.com Remanufacture R
elivery
EMF member Proudly recognised:

Oakdene Hollins is a technical, science-led, circular

economy consultancy that delivers creative, strategic,

practical solutions to support clients to be environmental MACARTHUR
FOUNDATION

and sustainability leaders in their field.

Member of Global Future Council on
Advanced Manufacturing and Production
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Decoupling concept

Well-being decoupling
Resource decoupling SEEEEEEEss

Well-being
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Traditional Boundaries of
Companies’ Sustainability Interventions

Materials —

materials
* Market energy - —>
by-products -
Energy —

Traditional Boundaries
of Companies

/|
Materials —p .

Extended Boundaries
of LCT

@><-> ém
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energy materials M

& sh

Life cycle thinking is the aim but drawing the frame is the challenge.

Global toolkits and metrics are still being developed:
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G<:ALS

SCIENCE
BASED
TARGETS

DRIVING AMBITIOUS CORPORATE CLIMATE ACTION
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Categories of value retention processes

OEM New ®
(Manufacturing)
) Full life
Remanufacturing * .
Reman Reman
Almost full life
Comprehensive . @

Refurbishment Comprehensive refurbishment

Arranging Direct . ®
Reuse
Direct reuse
Repair . ® ¢ End of use
Repair @ End of life
Refurbishment L ®

Refurbishment

Manufactured Expected End of Life

https://www.resourcepanel.org/reporddfeningzaluemanufacturiagvolution

International
Resource
Panel

Full life
@
Value is based on:
New material offset (avoided)
Embodied material energy (
Embodied material emissions (kg2
Process energy (M
Process emissions (kg&R

Cost advantage (EGE

Employment opportunity (P/FTE).
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https://www.resourcepanel.org/reports/re-defining-value-manufacturing-revolution
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PRODUCT VALUE-RETENTION
PROCESSES

REMANUFACTURE REFURBISHMENT

REUSE REPAIR

Organisations applying advanced product retention technologies (ART)

4UTOCRAF T
Solutions Group

Global best practice (engines) Servitisatidnusiness
models

Value led strategy
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MATERIAL VALUE-RETENTION
PROCESSES

RECYCLING

Organisations applying advanced material retention technologies (ART)

.
umicore

Advanced integrated smelting Advanced disassembly

HYPR®MAG

Magnet Recycling

Targeted recycling

L FUTURE OF
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European

Commission
E— Local resilience

Review of waste shipment
regulations '

Department
for Environment

Food & Rural Affairs
—
Waste prevention
Weight to value based targets
(EVs requiring Content)
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HOW THE INVESTMENT COMMUNITY
CAN ACCELERATE A ZERO EMISSION
FUTURE

Emmet McNamee
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This presentation is being provided to you by PRI As s ocThapresentation(igirtcdmpletPvRtiost) and i ts subsidiari
reference to, and should be viewed solely in conjunction with, the oral briefing provided by the PRI. No reliance may be placed on its accuracy or completeness. Neither

the presentation, nor any of its contents, may be reproduced, or used for any other purpose, without the prior written consent of the PRI. PRI Association is incorporated

in England & Wales, registered number 7207947 and registered at 25 Camperdown Street, London E1 8DZ.
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The PRI

Investor-led, supported by the United Nations since 2006

The PRI works with its international network of
signatories to put the six Principles for Responsible
Investment into practice.

Its goals are to understand the investment
implications of environmental, social and governance
iIssues and to support signatories in integrating these
issues into investment and ownership decisions.
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