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The economics of biodiversity: The Dasgupta Review

L

([\?utr economies, livelihoods and well-being all depend on our most precious asset:
ature.

We have collectively failed to engage with Nature sustainably, to the extent that our
demands far exceed its capacity to supply us with the goods and services we all rely on.

Our unsustainable engagement with Nature is endangering the prosperity of current and
future generations.

At the heart of the problem lies deep-rooted, widespread institutional failure.

The solution starts with understanding and accepting a simple truth: our economies are
embedded within Nature, not external to it.

We need to change how we think, act and measure success.

» Ensure that our demands on Nature do not exceed its supply, and that we increase Nature’s supply
relative to its current level.

» Change our measures of economic success to guide us on a more sustainable path.

« Transform our institutions and systems — in particular our finance and education systems — to
enable these changes and sustain them for future generations.
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The Economics of Biodiversity: The Dasgupta Review (February 2021)
https://www.gov.uk/government/publications/final-report-the-economics-of-biodiversity-the-dasgupta-review
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The context in which Engineering takes place

All the engineering we
do happens here...
(although we do
sometimes send some
of it elsewhere)

As engineering
fundamentally involves
change, we have to do
it very carefully...
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The context 1n which Engineering takes place

* Anthropogenic climate change: * Increasing variety of resource use, due to
 Global warming due to CO, and other increasing complexity and demand on
‘greenhouse gases’ products

» Build up of waste and deterioration of local

environments
 Availability of resources challenged by

socio-economic-(geo)political factors
« World population growth:

» Projected growth from 7.7 to 9.7 billion from _ _
2019 to 2050 (+26%)’ » Cost of change seen as a barrier despite

« Consumption of resources already exceeds rate massive opportunity cost

at which planet replenishes them

UNIVERSITY OF
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1 Max Roser (2013) - "Future Population Growth". Published online at OurWorldinData.org. Retrieved from: https://ourworldindata.org/future-population-growth [Online
Resource]
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Anthropogenic climate change — temperature

Global Average Temperature

0.8+ — Annual mean
| — Five-year smoothing

Commonly simplified as ‘global warming’

Since about 100 years ago, global temperatures
have risen at an unprecedented rate
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Scientific consensus: it's our fault!
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Lower: By Glen Fergus - Own work; data sources are cited below, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=31736468
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Anthropogenic climate change — Greenhouse gases

* ‘Greenhouse
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* Due to human
activity, these are Ice age
at unprecedented cycles
levels

* CO, most
abundant but CH,,

NO, and F-gases  g00 600 400 200 0
also important Thousands of years ago
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By Femke Nijsse - Own work; data sources are cited below, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=69480542 .
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World energy consumption

« World energy consumption projected to rise by
50% by 2050 to approx. 264,000 TWh

« Share generated by renewables and other low
carbon sources (e.g. nuclear) projected to rise
from 20% to 32%

« Use of natural gas also projected to increase,
while coal and petroleum will remain in
significant use

L

World energy consumption
quadrillion British thermal units

[ Note: 1 quadrillion (10%°) Btu = 293 TWh ]
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U.S. Energy Information Administration, Principal Contributor: Ari Kahan (2019), International Energy Outlook 2019, Retrieved from:

https://www.eia.gov/todayinenergy/detail.php?id=41433, All rights reserved.
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Global resource usage

* Models have been produced to indicate how much we are overusing the

Earth’s resources
. Earth Overshoot Day .‘
1971 - 2023

1 Earth 1.7 Earths
« Since 1970 we have | |
used more resources - |
than are replenished
each year m
« 2020 is the only year B l
when Earth Overshoot
Day has been

significantly pushed back
#silverLinings...!

% EEEEE Foan@ ﬁ‘% P Source: Natianal Footprint and Biocapacity Accounts 2023 Edition

data.footprintnetwork.org
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David Lin et al. (2021) - “Calculating Earth Overshoot Day 2021". Published online at OvershootDay.org. Retrieved from: https://www.overshootday.org/2021-calculation/
[Online Resource]
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Global resource usage

« Countries consume
resources at widely
varying rates

 Advanced economies
tend to reach the
overshoot day early

* However, virtually all
large countries must
reduce their resource
requirements — notable
exception?

L

EARTH
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Unknown (2021) - “Calculating Earth Overshoot Day 2021". Published online at OvershootDay.org. Retrieved from: https://www.overshootday.org/newsroom/country-

overshoot-days/ [Online Resource]
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Number crunching...

« We consume 170% of Earth’s annual Year | Relative Consumption | Consumption
resources each year population PERPEISon;ic
2023 1.00 1.70 =1.70/1.00

* Global population is projected to increase by 2050 1.26 (proj)  1.00 (target) = 1.00/1.26

26% between now and 2050

Consumption per person in 2023 vs 2050,

* Question: By how much must we reduce our Cpy =170 = 1,70 Cep = 220 — 0,79
rate of consumption to become sustainable 108 126
(i.e. onIy use 100% of Earth’s annual Rate of consumption must change by,

resources each year) by 20507
AC _ Cs0=Cz3 _ 0.79-1.70

= & = —0.535 = =54%
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Note: These figures are not likely to be accurate. They are intended to give a general sense of scale.
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Circular Economy model — Inter/national context

RENEWABLES FINITE MATERIALS
RENEWABLES FLOW MANAGEMENT STOCK MANAGEMENT

o
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2
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1 Hunting and fishing [ ]
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SOURCE
Ellen MacArthur Foundation .
Circular economy systems diagram (February 2019) MINIMISE SYSTEMATIC
www.ellenmacarthurfoeundation.org LEAKAGE AND NEGATIVE ELLEN MACARTHUR

Drawing based on Braungart & McDonough, EXTERNALITIES FOUNDATION
Cradle to Cradle (C2C3 H :
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Learn more about the Circular Economy and how it may be achieved: https://www.ellenmacarthurfoundation.org/explore/the-circular-economy-in-detail
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The Triple Bottom Line — L
Organisational context

The ‘bottom line’ refers to the profit made by a
company — the ‘triple bottom line’ refers to the
total cost of doing business

Bearable X Equitable

Economic theory that advocates balancing Sustainable.——®
social, environmental and economic concerns

Viable
Social and environmental aspects may be
difficult to measure but can be promoted by
taking a ‘sustainability first” approach

UNIVERSITY OF
LEICESTER
There’s a great series of illustrated videos about sustainability on YouTube, including this one about the Triple Bottom Line: https://www.youtube.com/watch?v=2f5Sm-

iBfg1Q 12
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Comparison of energy storage rate (power)

Determination of efficiency and power level during refilling fuel tank using fossil fuel

Flowrate of the pump: 38 |/min

with 42 MJ/kg,

Power consumption of the pump: 0,5 kW

0,83 kg/dm3

Peg =22 MW !

Efficiency 1 = (22MW-0,5kW)/22Mw = FISE80]

Design of electrical charging system at the same power level and efficiency as fuel pump

22 MW Voltage U 100 kV 10 kv 1 kV
_ Current | 220 A 2,2 kA 22 kA
R]fs'sgi‘”ce 10 mQ 10000 1uQ
Assumed length of cabie
of copper cable used Mc, 1,4 kg 142 kg 147200 kg

for charging I, =10 m

Voltage at which the charging system
operates

Mass of the copper cable needed!

UNIVERSITY OF
@ LEICESTER

Energy Storage: Systems and Components by Alfred Rufer CRC Press



EV sales overview

Over 26 million electric cars were on the road
in 2022, up 60% relative to 2021 and more
than 5 times the stock in 2018

Electric car markets are seeing exponential
growth as sales exceeded 10 million in 2022.

A total of 14% of all new cars sold were electric
in 2022, up from around 9% in 2021 and less
than 5% in 2020.

Electric car sales are expected to continue
strongly through 2023.

Over 2.3 million electric cars were sold in the
first quarter, about 25% more than in the same
period last year.

L

Figure 1.1  Global electric car stock in selected regions, 2010-2022

Million

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

@ China BEV O China PHEV @EEurope BEV OEurope PHEY
E United States BEY O United States PHEVY B Other BEY 0O Other PHEVY
EA.CCBY 4.0
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Global EV Outlook 2023 IEA License: CC BY 4.0
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Public charging points

Figure 1.13 Installed publicly accessible light-duty vehicle charging points by power
rating and region, 2015-2022

Fast chargers Slow chargers
B2 2000 2000
#
3
£
= 1600 1800
1200 1200
00 00
- s i
D =8E i
215 2018 2017 20M8 2019 2020 2021 2022 2015 2016 2017 2018 2018 2020 2021
B China B Europe B United States O Other countries

IEA. CC BY 4.0.
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Global EV Outlook 2023 IEA License: CC BY 4.0
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Battery value chain - vision

A circular battery value chain as a major driver to meet the Paris Agreement target

A circular battery value chain that iz a Transformation of the economy in the value
major driver to achieve the Paris chain, creating new jobs and additional
Agresment target to stay below the value

Ot o

WM

e 3090 | 2y A

of the required emission reductions in

tran and sactor
ot Lt sed -1 50b of economic value in-a

responsible and jest value chain

Sounce: Wearkd Economic Forum, Global Battery Alllanca

L

An industry safeguarding human rights,
supporting a just energy transition and
fostering economic development, in line with
the UM SDGs

<<

o O00M

peopla with access to electricity, reducing the

gap of peopla without electricity by 70%
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 16



Battery value chain - Challenges

3 challenges to scale up the battery value chain

Battery production Raw material supply has The viability of battery-
has a significant significant social and enabled applications
GHG footprint environmental risks IS uncertain

UNIVERSITY OF
L RS S

Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 17




Battery demand — region and application

Global battery demand by application CAGR,
GWh in 2030, base case % p.a.

2,623

Electric
26
14x 2838 U

g7

808 Energy @
082 storage

184 / Consumer
E42 ngg @ 121 electronics o

I 2018 2020 2025 2030

Global battery demand by region
GWh in 2030, base case

2,623

China

EU

LISA

702 RoW

2018 2020 2025 2030

CAGR,
% p.a.

38
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0
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Road transportation

The road transport sector accounts for ...although the total number of vehicles ...will help decouple road transport
~11% of global GHG emissions'... globally is expected to grow, electrification... emissions® from growth by 2030.
Percent Total number of vehicles globally, billion CO, emissions of new passenger cars sold
globally, gCO,
-3.0% p.a.

23%

1461 \

With 5.8 GtCO.e,
the road transport
sector accounts
for ~11% of global ICE 97.8
GHG emissions!
HEV 13
JPHEV 33
@n - @
' Excluding land-use, land-use-change and forestry 201 7 2030

2 Includes aviation, marine, rail, etc.
2 Tank-1o-wheel emissions
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 19




Battery production — Footprint

Battery production with significant CO, footprint, mainly driven by active materials and other

components as well as cell production in China
Greenhouse gas emissions by value chain step, Mt CO.e per annum (2030)

— ---------------------------- ~182 Mt COQG (2030) ---------------------------- @ Percentage of

total GHG emissions

M China
=]
W us

Rest of the world

~~,  Raw material
¢
D—Z mining

Raw material
= s

refining

X8

. Active materials
.»";/V—) and other
components

D Cell production

5 ~4 T B ~2<1

E E 28

i _- 33 i Pack

] B = 5 20 ] & production
i @@ . @@@ i @ @ @ @ @ @ Recycling
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 20



EV Emission benefits compared to ICE

EV emission benefit compared to ICE by vehicle size Life cycle GHG emissions for Chinese medium-sized
and geography, base case 2030 vehicles, base case 2030
percent life cycle COoe emissions reduced gCOye/km!

0 % @ )

202 @
China \l

160
Small vehicles - . -
60%
(A/B) Use

[ Chassis

Medium o M Powertrain

vehicles (C/D) . W Recycling
[ Pack

Large vehicles H0o 100

E/F) @ 22% 19%

y

Q

o

B ceal

B Active materials

§

B Raw materials (refining)

B Raw materials (mining)

ICE
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 271



Opportunity

Scaling battery production by a factor of 19 is a major opportunity for every step
of the value chain

()

-

Raw material
mining

5-40x

The mining industry
needs to extract a
volume equivalent to
>300 Great
Pyramids of Giza per
year in 2030

L

Uﬂ‘
Raw material
refining

14x

A weight equivalent
to >110K Boeing
787s (Dreamliners) is
refined per year in
2030

&

Active materials

15x

Active materials
produced in 2030
are enough to
produce >800B
battery cells (AA
type)

Cell
production

19x

~120 additional Giga
Factories (today’s
largest) must be
operational in 2030

&

Recycling

15X

An equivalent of
>10B mobile phone
batteries are
expected to reach
end-of-life in 2030

UNIVERSITY OF
@ LEICESTER

Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0
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Coupling transport and energy sectors

L

Cell and pack

Active materials

Application

. Recyclling Battery ) Repair and refurbish
(incl. urban mining) \\ industry /

Second life

Decentralized energy Shared mobility

storage (e.g.

solar+storage) Transport

sector

Purpose-built urban EV

Centralized

storage (incl. moving

power storage) Smart charging

UNIVERSITY OF
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 23



EV emissions — circular economy levers

Life cycle GHG emissions for medium-sized (C/D) vehicles in China, g/km’ 0 Usage Chassis [ Battery
202.1
159.5 8.3
T I 288 51%g
I 2.2 2.0 0.5 0.5 204
v
99.8

ICE EV Next-gen Shared  Vehicle-to-grid Reuse/ Recycling  Clean battery Renewables Target case
batteries mobility second life production 2030

Base case 2030
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0 2
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Circular Economy Levers — Batteries

Increase collection and material

Implement regenerative sourcing purity — ensure leakage is

and production — including Substitute materials — for higher minimized and materials are looped I ncrease fro m
renewable energy sources and less perfarmance, lower toxicity or non- Improve lifetime — via battery layout into recycling processes at high

impactful mining practices flammable characteristics and management system purity to facilitate recycling 60 % tO 80%

l
I l l
S——=C

l

Mining Refining production Cell production Pack production Application Collection Recovery

> @ Repair/refurbish

Other value chain Recycle Recycle Intensify usage (shared
mobility, vehicle-to-grid)

Repurpose/redistribute
(“second life”)

Cascade

UNIVERSITY OF
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Global Battery Alliance, World Economic Forum - A Vision for a Sustainable Battery Value Chain in 2030 (Insight report — September 2019) License CC BY-NC-ND 4.0
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What professionals say?

Battery remanufacturing is difficult because of following factors.

I Strongly Disagree M Disagree W Neutral [l Agree [ Strongly agree
15
10
5
0
Different Battery size Different Battery shape Different Battery Chemical Huge Initial Investment Safety Concerns
Composition

UNIVERSITY OF
L RS S

Scope for Remanufacturing of Electric vehicles in United Kingdom towards Sustainable Future — Rakesh Ramesh — Engineering Management Project (38 respondents) 2%




Ranking of barriers for EV remanufacturing

Non(':lz:::::cure Description Grouping Criteria Weightage Ranking
C11 Market Size of Remanufacturing Economic 0.711 1
C3 Different Battery Size Technical 0.676 2
C1 Huge industrial Setup _ 0.28 3
ca Different Battery Shape Technical 0.246 4
Cci4 Sourcing Vehicles for Remanufacturing _ 0.2 5
Cc2 Skilled labour Economic 0.2 6
C10 Performance of Products 0.18 7
cs Recovery Rate of Remanufacture 0.18 3
Products
Cé Huge Initial Investment 0.159
C15 Legislation Restrictions 0.127 10
Cc9 Number of Parts in vehicle 0.12 11
C13 Manpower Cost Economic 0.088 12
C5 Different Battery Chemical Composition Technical 0.076 13
c7 Safety Concern 0.041 14
L C12 Testing Equipment’s For remanufacturing 0.04 15

UNIVERSITY OF
LEICESTER

Scope for Remanufacturing of Electric vehicles in United Kingdom towards Sustainable Future — Rakesh Ramesh — Engineering Management Project
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Uncertainty of materials used

Un organised relation between Stakeholders
Supply chain transparency

Poor Waste management regulations

Low quality perception of recycled goods.

Lack of standardization on EoL processes for EVBs
Lack of safety standards for (collect, storage, dismantle)
Lack of focused financing from Gov

Lack of EVB design considering Eol

Lack of enforcement and compliance

Lack of clear regulatory framework

High investment Risks

High costs for transporting, handling and storage

Barriers

Hazardous emissions and Energy consumption
Eol EVBs have little economic value.

Limited availability of sustainable materials
Slow-Developing technology infrastructure
Low recycling efficiency

Lack of profits

Lack of efficient recycling infrastructure

Lack of customer awareness and ignorance
Inefficient government policy

High labour costs
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T e 20
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[ e S
A e e R 17
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0 5 Rankings 10 15

20

25
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Barriers to Circular Economy Adoption for EV Batteries in the UK - Manoj Ganaveni — Engineering Management Project
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Key takeaways

Stakeholder engagement

New metrics

Circular economy

Regulatory support

UNIVERSITY OF
LEICESTER
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Transformative change is possible — we and our descendants deserve nothing less!

UNIVERSITY OF
@ LEICESTER

The Economics of Biodiversity: The Dasgupta Review 30
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