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I Making things happen: normal engineering practice

Hotter,
faster,

Price
smaller

Cheaper | Demand
R Quantity
Increased
welfare
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Good things
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GT1: Equality

€2.7 million

Off the charts

half that the top 1 percent column doesn’t fit on this graph.

Wealth (€000)

Hungry
i today

€53,000 .
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50% owns just 2% of total wealth

Source: World Inequality Report 2022 by the World Inequality Lab.
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The richest 1 percent of the world’s population is so much wealthier than the poorest
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GT2: Climate safety

Global discussions and Global emissions

” IPCC: Intergovernmental Panel on (limate Chanbe
. COP: Conference of the parties UK: 100% reduction by 2050
Paris Agreement at COP21
40 5thireport of the IPCC
UK (limate Change Act: 80% reduction by 2050
30 4threpart of the IPCCwins Nobel Peace Prize
3rd Report of the IP(C
20 Kyoto-Protocol-at COP3
2nd Report of the IPCC
10 I—tnited Nations Framework Convention on Climate Change
1st Report of the [P(C
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I Making good things happen: normal engineering practice

Hotter, faster,
smaller and

Price | good

»

Cheaper | | Demand
andgood | |

Quantity

| |
—

We don’t mind trying to make good things happen provided that
economic growth carries on as if we weren’t doing anything different
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GT1 Innovation...
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GT2 Innovation...




GT3 Innovation...
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Climate policy evaluation:
are good things happening?
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Rising emissions and pledges

Global discussions and emissions

10 20 30 40 50 60_y Gt CO, /yr

1990

1995

2000

2005

2010

2015

2020

1st Report of the [PCC
United Nations Framework Convention
on Climate Change established

2nd Report of the IPCC
Kyoto Protocol at COP3

3rd Report of the IPCC

IPCC: Intergovernmental
Panel on Climate Change

(OP: Conference of the parties

4th report of the IPCC wins Nobel Peace Prize
UK Climate Change Act: 80% reduction by 2050

5th report of the IP(C
Paris Agreement at COP21

UK Climate Change Act: 100% reduction by 2050

Legally committed to zero emissions by 2035:
* Finland

Legally committed to zero emissions by 2040:
* Austria, Iceland

Legally committed to zero emissions by 2045:
* Germany, Sweden

Legally committed to zero emissions by 2050:
* EU, USA, UK, S Korea, Australia, Canada
Policy document for zero emissions by 2050:
* Most South American countries

Policy document for zero emissions by 2060:
* China

Policy document for zero emissions by 2070:

* India

Data from https://eciu.net/netzerotracker

Copyright © J M Allwood 2023 14



ng temperature and risk
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Source: Met Office Hadley Centre (HadCRUTS5)
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IPCC ARG6 Projected temperature anomaly, Global
Global average land-sea temperature anomaly relative to the 1961-1990 average temperature.
4.4°C

Sustained food
supply

Rising temperature :: -
and risk

"There is a 66%
likelihood that the
annual surface global
temperature 2023 —
2027 will be more
than 1.5°C above pre-
industrial levels for at

least one year”
(WMO, May 2023)

Legend: Level of impact/risk

Very high
eryhie Periodic food
shocks across
regions
High
TEE e ; Infrequent price
i i spikes affect
; | individual .
i (O—+—— Moderate countries
Impacts
i ‘ Q—‘i Undetectable

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100




Rising temperature
and risk

Crop yield changes 1990-2090 averaged over Global Gridded Crop Models

'.--.-Ir
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Rising temperature and risk: tipping points

Antarctica sea-ice far lower than usual
Daily sea-ice extent in million sq km, 1979-2023

20

13

10

r\Summer minimum extent

O [ | I I I I I I 1 1 I |
J F M A M J J A S (@) D
Five-day rolling average of sea-ice extent
Source: National Snow and Ice Data Center (NSIDC), datato 14 Sep 2023 HEM

Ocean temperatures highest on record

Daily average sea surface temperature between 60° North
and 60° South, 1979-2023

Previous record 20.95C
on 29 Mar 2016

21C \

20.96C on
1 Aug 2023

20.5C

v S ’ '/v' % J v . i \ ‘ ,k’ 'l : \ R ~"‘ s W J P ; W\ b y
3 ' ’,,. (o X N o) ‘__ N ‘ y ‘A ! '8 ¥ 4 o 7}
20C | / WS BT

Each line represents a year

19.5C | I I I | I | I I I I I
J F M A M J J A S O N D

Source: ERA5, C3S/ECMWF
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Why isn’t it working?

Unpacking burden-shifting via
aggregation & deployment rates

Copyright © J M Allwood 2023 19



“I’'m making good things happen!”

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

By-
product
18%

Natural
gas

62%

Hydrogen production 2021

Electricity 0.04%

Oil 0.7%

Fossil fuels with
carbon capture

0.7%

* Hydrogen
* Trade
* (Carbon offsets

* “Negative emissions
technologies”

* Bio-fuels

* Synthetic fuels

Burden-shifting is
endemic to climate policy
at present

Copyright © J M Allwood 2023 20



Incumbent thinking on how to reach zero emissions

Global drivers of global warming: what we have to stop doing

WastagdegPmposition E/
0?)(0:(6 . ‘/ Petrokengines eC;‘r .
9
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I Aggregating demand for three “zero-emissions resources”

4 \ -

Demand Supply
Demand for . 4 | >Residual
goods and Delivery Fuel Electricity Negative Zero Emissions

services Processes Production Generation emissions Resources

Biomass

Non-emitting electricity

= [RE5
!

2
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Aggregation analysis

2020 GHGs | Physical units
(MtCO2/yr)

Road vehicles

Train

Shipping

Aviation

Electricity (emitting)
Electricity (non-emitting)
Space heating

Blast furnace Steel
Cement

Other industry
Deforestation
Fertiliser/rice/soil/crop
Ruminants

Waste

Direct Air Capture

6,100

200
900
2,900
10,000

6,700
3,700
3,100
6,700
1,100
5,300
3,000
1,600

2,700 G litres petrol/diesel

40 G litres diesel

370 G litres diesel

470 G litres kerosene
17,000 TWh

9,900 TWh

8,800 TWh gas boiler output
1,400 Mt Steel

4,100 Mt Cement

Assumed to stop
Un-changed
Un-changed
Assumed to stop

Applicable to all emissions

https://ukfires.org/blog-cop26/

140-320 litres biofuel per
tonne biomass

As above
As above
As above
10,000 Mt CCS

6,700 Mt CCS
3,700 Mt CCS
3,100 Mt CCS
6,700 Mt CCS

Direct Air Capture
Direct Air Capture

6 litres petrol equivalent to 20kWh
electric power

As above
19kWh per litre synthetic fuel
As above

17,000 TWh non-emitting generation

1kWh heat pump = 3.1kWh gas boiler
3.5MWh/tonne steel via green hydrogen

Same total electricity as steel

4MWh/t capture and store plus 1t CCS per t DAC

Copyright © J M Allwood 2023 23
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Aggregation of plans discussed at COP26

Non-emitting electricity (TWh/yr)

120,000

100,000

80,000

60,000

40,000

20,000

1

I CCS today:

: 40 Mt/yr s

I Maximum direct

| air capture

| =] =

! COP26 Policy Space =

i B

' B

' [

| o - No extra biomass,

: minimum direct

| air capture

i

| B  Maximum biomass

| [

! &

!

!

I

[

I

1

!

I

B s e o st s e s 5 o i e el o i i o
: Non-emitting generation today: 9,900 TWh/yr
1

0 5,000 10,000 15000 20,000 25000 30,000 35000 40,000 45,000

Carbon Capture and Storage (Mt/yr)

Source: https://ukfires.org/blog-cop26/
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Source Global CCS Institute (2021)

CO, CAPTURE AND STORAGE ANNUAL CAPACITY (Mtpa)

Deployment rates

World non-emitting electricity generation (TWh/yr)

12,000
2010 2011 2012 2013 2014 2015 2016 2017 2018

@ EARLYDEVELOPMENT @ ADVANCED DEVELOPMENT @ INCONSTRUCTION @ OPERATIONAL

e
Growth~350TWh/yrfyr .7« . A . y
e Most plans to date have not become reality 75% of CCS today increases
10,000 7 fossil fuel extraction
Solar
_ Global biomass harvest
Wind T
8,000
Geo/bio/other - 16
- &
& 14
6,000 2
Nuclear % 12
=t Harvest residues
8 10
¥y
4,000 o 8
I Livestock fodder
§ 4
2,000 Hydro g Crop foods
@2 Fuel
0 Material
0 1960 1970 1980 1990 2000 2010
1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Source Zhou et al. (2018)

Source BP Statistical Review of World Energy (BP, 2021)
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Deployment rates

Share of World Energy Supply (percent)

Years after Energy Source Begins Supplying 5% of Global Demand

Coal Qil Natural Gas Modern Renewables
50
40
33 ~ 100 years ~50years Proportion electricity supply +50 years
+100% +100%
g o | Lab demonstration Nuclear (France)
o | Pilot studies at increasing scale /
29 o | Connection to infrastructure /
15 o | Legal and environmental permissions //Wind (Denmark)
Q 1al ant aftar firet annsidant CCGT (UK) /
10 (@) LUUIdI CUNSCI L AditCl TSt dUUIUCT I 7
g o | Financing needs / //
6’ N / Nyclear (World)
r I — T
Delay | Growth
0O 10 20 30 40 50 60 0O 10 20 30 40 50 60 0 10 20 30 40 50 60 0O 10 20 30 40 50 60 . .
A A A A period period
1840 1915 1930 2012 \\
Sources: Smil (2014), update BP World energy statistics (2022) \\Leag\
\Petfc I Asbestos
\ (World) ™N\
\ \ \ \ \Worlcl)
\ \Smoking (UK)\
\ \ \\ Asbestos (UK
~100% Ozone Lead petrol Ozone ~100%

(US) (Us)  (World)

- 100 years - 50 years . .
Y y Proportion behaviour change

+ 50 years

Source: Nelson & Allwood (2021)
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Project examples

Nuclear Power Timeline

1

2 3 4 5 6

7

Years
8 9 10 11 1

2 13 1

Outline policy intent

Contract partners agreed

Safety checks and licencing

Select, procure & planning permission

Offshore Wind Power Timeline

Outline policy intent

4 5

6

7 8 9

Years

10 11 1

2 13 14 15 16 17 18 19 20 21 22

Contract partners agreed

Safety checks and licencing

Select, procure & planning permission

Agree investment strategy

T

Design and equipment manufacture

Site preparation (inc. infrastructure)

Excavation

Construction

Start up

B Hornsey Project 2 (16 years)

Agree investment strategy

Design and equipment manufacture

Site preparation (inc. infrastructure)

Excavation

Construction

Start up

B Hinkley Point C (21.5 years)

IAEA Project Management Guidelines (12 years)

Deloitte project Lifecyle (13 years)

Source: Use Less Group analysis

Copyright © J M Allwood 2023
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Preliminary result: policy will be constrained by resources

Non-emitting electricity (TWh/yr)

120,000

100,000

80,000

60,000

40,000

20,000

CCS today:
40 Mt/yr .
CCS in 2050: I\/\ax.imum dfrect
100-160 Mt/yr g clis Cap“”.@
COP26 Policy Space =
&
=
[ :
o - No extra biomass,
minimum direct
air capture
B Maximum biomass
=
8]
r‘,‘d pSolute Zero 0 =
Non-emitting generation in 2050: 20,000-30,000 TWh/yr
(T T T T T T T 7777 77 Non-emitting generation today: 9,900 TWh/yr_
0 5,000 10,000 15,000 20,000 25,000 30,000 35000 40,000 45,000

Carbon Capture and Storage (Mt/yr)

Source: https://ukfires.org/blog-cop26/
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Resource-constrained climate policy
The big picture in the UK:

Absolute Zero

* By 2050 we will have ~ 2.5x as much emissions-free
electricity as today

* We will have no significant carbon storage, surplus
biomass, hydrogen or negative emissions technologies

* We have to electrify everything possible, close anything
else, and use ~60% as much electricity as we’d
otherwise like

* For householders only 4 actions matter - stop using:

o fossil boilers,

o fossil cars,

Delivering the UK’s climate change commitment with
incremental changes to today’s technologies

o fossil planes,

O ruminants.

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

Copyright © J M Allwood 2023 29
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“We’ll just have to go a bit faster then...”

... and we’re
gonna test the new
e-carbon storage
tech right under
your school

-~ -

|

No problems! And
if you need to cut
teachers to pay for
it, go ahead

A / <
-
3 ‘O 3
/‘\ : ’
- b r l
-

-
»

v
» N
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fossil-based fuels.

coun

Reduced emissions Sustainable
related to fuel feedstock

Upto
o reduction in lifecycle emissions e

Blended SAF is delivered Sustainable feedstock
into the aircraft wing converted into SAF

SAF is then blended up to
50/50 with conventional jet fuel

. ————

IR
», | A 1-\\. We/"e d

W
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Academic responsibility

Average tonnes CO,, per person per year
5 10 15

(@)

USA

S Korea
Iran
Netherlands
China
Germany
Japan
Denmark
World
Mexico
UK
France

India

Malawi

Flying emissions (tonnes CO,./person/year)

20
20 4
2 International conferences
per year (professor)
16
12 2 International
conferences /year
(student)
8 Average person total
4
>
20 40 60 80 100 Economy (hours/yr)
>

10 20 30 40 50 Business (hours/yr)

Source: https://ourworldindata.org/grapher/per-capita-ghg-emissions
(The page at this link then gives all the primary data sources)
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Does restraint mean misery?

Copyright © J M Allwood 2023 33



Fugitive
emissions

Fossil flights

Quite

complex.... /Agriculture, forestry
d other land use Oth

Electrify &
half power

roa o

(Fp{sw

rivkag fogsil Electrify &
cars & \ia half power

Eating beef, lamb
and dairy

Electrify &

half power< Ui+ il
k bﬁmork

Use electrically-recycled :
. Making large
materials only K :
equipment

Construcing
new buildings




Wealth (€000) | ;00

000 ..
€30,000 €19 000 €12,000 €700

90%  100%

REDUCED CLIMATE
GT INEQUALITY GT ACTION




“Restraint sounds a bit tricky”

Human extinction









Household  Leisure [
65 yrs or more _-II _-
+s-e4vears [ B | .
~ Employment,
16-24 years _--- -
Sty
1440
(l) 3é0 720 o Minutes per day




Welfare

<

Imagination D
Fascination

Diversity of activity
Endeavour
Appreciation

A “balanced life”
Fulfilment

Wonder

Virtue

-

... Which allows restraint



Engineering reality
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Facing up to the supply-demand gap

Excitement in Resource Efficiency innovation

Output
A .

Resource
Efficiency

'
I
I
L > Recycle
Now 2050 time

Copyright © J M Allwood 2023 42



Drawing green circles doesn’t help A

Resource

inputs q

Lots of lovely
economlc growth

Circular
IS the




Recycling and quality

Copper concentration (%)

0.4*

0.3

0.2

0.1

Rebar _
Preferential
melting Unidirectional
solidification
Ceramic filtration

Structural

NH, leaching, NH, leaching, Repeat
room T elevated T VAR

O, embrittlement Cu,S slagging  Sulfide matte,
Flat . ) Al extraction

+20 +100 +300 +1000
Added energy (kWh/t)

AT
AT

To date, copper contamination has not been

a problem because it can be absorbed in
rebar

It will become a global problem ~2040-50

There is a technology opportunity for
innovation in removing copper from
recycled steel or coping with it

Copyright © J M Allwood 2023 44



Sustainable metals:
science and systems

Scientific discussion meeting
Part of the Royal Society scientific programme

Organised by Professor Julian M Allwood FRENg
and Professor Dierk Raabe.

5 — 6 February 2024
Sustainable metals:

science and systems The Royal Society
Scientfic discussion meeting 6 — 9 Carlton House Terrace, London, SW1Y 5AG

Part of the Royal Society scientific programme

Organised by Professor Julian M Allwood FREng

and Professor Dierk Raabe. Find out more at royalsociety.org/events/for-scientists

5 — 6 February 2024

The Royal Society
6 — 9 Carlton House Terrace, London, SW1Y 5AG THE

Find out more at royalsociety.org/events/for-scientists RO 5{ A L
THE
ROYAL . SOC I ETY Image: © zephylwerO from Pixabay.

SOC I ETY Image: © zephylwerO from Pixabay.



Re-use
bour  Rooce N

Energy
79.4 GJ
300
" 250
-60% - Installation
2
3
T 200
o Component
5 Manufacture &
:|°: Assembly
5 AM Repai
31.4GJ E 150 epair
L
0,
Component
Manufacture & Dismantling Dismantling
50 Assembly
2.3GJ : _
Dismantling
] 0
Current “Circular”: “Circular”: Current “Circular”: “Circular”:
recycling repair/re-use recycling repair/re-use

Source Keh (2021)
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Avoid

love
L0

anglianwater
Bedford-Treatment Works

Build less

Reconfiguring existing
facility and intelligent design
gave 66% saving in
embodied carbon, 40% cost
saving.

* Longer life

More intense use

* Material substitution

* Product substitution

Copyright © J M Allwood 2023 47



Reduce — examples of
research into practice
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Innovation opportunities

Entrepreneurs not Emissions

Materials &
Manufact

L N

Construction Sector Innovation

uring

— .

New business opportunities to fill the gap in UK emissions policy

UK FI‘?S

www.ukfires.org
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Specification scrap: construction

I I — i | i— —i— | O s
I—Iﬁ_II | I : I I iI. e T s
-—! e (I
Utilisation ratio
— 0.75-1.0
—_— 0.25-0.5
0-0.25
T T I I I T I
I | Core/ i
P 1 I 1 I_IJ_I_I_I 15- . o eriTie Primary Secondary
@ |
_g o
e | e e | e | I 1 1 b e | I g o |
7.5m c ©
— 10 2 o -
Source Moynihan & Allwood (2014) s 3o
S 5 o |
"5 o
g
(= o
& S
©
= 5
0-

0-5% 95-100%

Source Dunant et al. (2018b)
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Structural Panda Ltd.

w Panda 1.0 — A cost/carbon estimator by the University of Cambridge and Price & Myers

File Select Graphcontrols Analytics Help

ng Layout Building breakdown ‘ Filters | Solutionsets <
Cost-Carbon trade-off
colour by frame type ; m cost-optimised @ carbon optimised Maximum Cost | 800 £/m2 2
630.0
Maximum Carbon | 250 kgCO2/m2
i 2
L T —— Maximum mass 10000 kg/m v
"CLT Decking (1 Way Flat Slab) on a Glulam frame | RC basement” - .
3 ; Minimum column spacing 200 m 3
B "CLT Decking (1 Way Flat Slab) on a Glulam frame™
520.0 B "CLT Decking (1 Way Flat Slab) on a Steel frame (Non-Composite) | RC basement” Maximum column spacing | 15.00 m 3
B "CLT Decking (1 Way Flat Slab) on a Steel frame (Non-Composite)"
B "Flat Slab on a RC frame” Maximum structural height | 2000 mm v
@ "Precast Decking (Hollowcore ; Screed) on a Steel frame (Non-Composite) | RC basement”
o < ~
@ "Precast Decking (Hollowcore ; Screed) on a Steel frame (Non-Composite)” Minimum aspect ratio 0.00
NE @ "Precast Decking (Hollowcore ; no Screed) on a Steel frame {Non-Composite) | RC basement” ~
E 4100 B "Precast Decking (Hollowcore ; no Screed) on a Steel frame {(Non-Composite)" Maximum Sspecoralio 400 ¥,
R .
7] @ "Precast Decking (Solid Plank ; Screed) on a Steel frame (Non-Composite) | RC basement” o . .
a - Within | 10.0 % [ best carbon
v B "Precast Decking (Solid Plank ; Screed) on a Steel frame (Non-Composite)"
"Softwood joists on a Glulam frame | RC basement” Within | 10.0 % D best cost
"Softwood Joists on a Glulam frame"
@ "Softwood Joists on a Steel frame (Non-Composite) | RC basement” Optimisation: ‘!l cost ‘!\ carbon
B "Softwood Joists on a Steel frame (Non-Composite)" . . .
300.0 Foundation types | Decking types | Decking systems
B "Steel Decking (Re-Entrant) on a Steel frame (Composite) | RC basement”
@ "Steel Decking (Re-Entrant) on a Steel frame (Composite)" Grids
B "Steel Decking (Trapezoidal) on a Steel frame (Composite) | RC basement”
"Steel Decking (Trapezoidal) on a Steel frame (Composite)" Save filter set as filter name
@ "Steel Decking (Trapezoidal) on a Steel frame (Non-Composite) | RC basement” o
@ "Steel Decking (Trapezoidal) on a Steel frame (Non-Composite)"
190.0
At++ A+ A D
Defaultvalues | | Activate filter Delete filter
40.0 95.0 150.0 205.0 260.0 i
2, —
Carbon (kg CO,/m’) [E] Apply filter Update filtering
Layout and model scope | Loading input Serviceability Limits =~ Substructure Superstructure Wind and Stability =Fire Design
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Scrap in car-production
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Source: Horton and Allwood (2017)
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I Folding-Shearing

(2022)

Source: Allwood et al. (2019), Cleaver et al.
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Folding-shearing compared to deep-drawing

Drawing with blankholder Drawing with blankholder Folding-shearing
BHF = 15 kN BHF = 50 kN BHF = 15 kN

Max thinning Max thinning
= 15% =10%
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I Folding-Shearing
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DeepForm Ltd.

 75% reduction in trimming scrap

 Environmental benefit: 30% reduction in
embodied emissions per part

 Cost savings: 20% reduction in piece cost

Conventional

JEEPFORM

BleepForm
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Cambridge Electric Cement Ltd.

Deforestation/

agriculture/ _mmmm
Ruildinas “

Cement,
19% « Concrete = cement + water + sand + aggregate;

« Cement = clinker + gypsum + supplementary materials

* Portland clinker emissions = emissions from heating +
process emissions
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Cambridge Electric Cement Ltd.

Deployed in
existing
processes

CCS - capture
demonstrated
but not storage

Novel ideas at
laboratory scale

¥

SCMs
Grinding
Alternative fuels

CDW raw meal

LEILAC
CCS lime production

Carbon cycling

Calcium silicates

Electrolytic production of CH

Solar ovens

Heat
O
@
@

Chemical
Emissions

Market
fraction Maximum

potential abatement Cost

80% 45% Low
100% 20% Low

80% 20% Low

5% 10% Low
100% 60% Moderate
100% 55% Moderate
20% 10% Moderate
Low 60% ?7?

Low 50% Extremely high
Low 40% High

Copyright © J M Allwood 2023 58



Cambridge Electric Cement Ltd. EﬁE%B}DR?E

CEMENT

28-day strength
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Commercial grades: 32.5 425 525

Source: Dunant et al. (under review)
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Cambridge Electric Cement Ltd.
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Conclusion
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Conclusion: the role of engineers in climate mitigation

* Deployment at scale and speed is everything
* We desperately need credible engineering analysis to call out burden-shifting
* Re-focus on demand to ease impossible requirements on supply — untapped innovation potential

* New technologies can’t solve the problem in time — so we must be part of a societal dialogue.
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Access and references

* A pdf of the slides used in this talk can be downloaded from:

www.uselessgroup.org/about-us/blog

* There is a full set of references at the end of the slide-pack
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