Biophysical limits to growth; the degrowth imperative

the choice is ours

rowth

managed or forced upon us

“\Earth from Mars D e g

Anyone who believes in indefinite growth of anything physical on a physically finite planet is either a

madman or an economist. (Kenneth Boulding, economist and President Kennedy’s Environmental

Advisor)

« Dr Mike Joy, The Morgan Foundation Senior Research Fellow in Freshwater Ecology

* Te Herenga Waka—Victoria University of Wellington
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Biophysical limits to growth; the degrowth imperative

R\Eadh

Huge changes are coming, we will instigate a degrowth framework or have disaster, apologies I'm going

to talk more about why we can’t continue with BAU than how planned degrowth will work.

There is a huge industry determined to keep business as usual and make sure we don’t get the reality.

Very very few people are talking about the reality, despite all the highly paid so called leaders it takes

someone like Greta to be a true leader and show the way.

The new world will be one with much less consumption but that is NOT a bad thing and will be much

better for all.
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Manifestation of reaching “Limits to growth”

Soil erosion o Eutrophication Carbon Tunnel Vision

Soil degradation * Overpppylation

Poverty Water crisis

Health

Biodiversity loss

Groundwater depletion ¢ Ocean acidification

Ecotoxicity Education

Deforestation * Nuclear waste
Invasive species * Phosphate depletion ——
Biodiversity crash e Carrying capacity overshoot afordable goods P
Ozone depletion * land-use change

Fisheries collapse * Decaying infrastructure.
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Manifestation of “Limits to growth” global heating
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Manifestation of

Planetary boundaries exceeded

Food production ever more dependent
on fossil fuels, Agriculture,
aquaculture, fishing and forestry (AAFF)
43% fossil fuels in 1970 - 62% now

AAFF currently 68% of earths terrestrial
surface

22% of GHG emissions (2010)

https://link.springer.com/article/10.1007/s41247-020-00074-3

In the last 2 decades animal-based food
products contributed ~95% of the global
increase in food GHG emissions.

https://www.nature.com/articles/s43016-023-00768-z#citeas
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‘Limits to growth” the living world

Biosphere  Genelx Climate change
integrity  diversity
Novel entities
Functional
giversity
?
Land-system Stratospheric
change ozone depletion
?
Freshwater Atmospheric
use aerosol loading
Phosphorus

Ocean acidification

Nitrogen
Biogeochemical flows

M Beyond zone of uncertainty (high risk) Wl Below boundary (safe) *+' Role of agriculture

In zone of uncertainty {increasing risk) Boundary not yet quantified
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https://link.springer.com/article/10.1007/s41247-020-00074-3
https://www.nature.com/articles/s43016-023-00768-z#citeas

Manifestation of “Limits to growth” New Zealand
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Manifestation of “Limits to growth” the living world

* Vertebrate animal communities shrunk on average 68 percent
between 1970 and 2016, now just 3% of global vertebrate
biomass (the rest us and what we eat)

* Tropical Americas animal populations declined 94 percent

* Animal communities in or near freshwater globally have fallen
by 84 percent

2000+

humans

cette

Humans too
* 6.4 billion ppl live on countries exposed to medium or high
ecological threats (worst are in Sub-Saharan Africa)

pigs
chickens
sheeo

horses

* More than 2.6 billion ppl live in the 46 countries with high or
extreme water stress. (don’t receive enough water to meet
needs)

goats
cats & dogs

wild animals
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The green (or fossil fuel) revolution? The industrialisation of food
production

7,000 .
World population

Warld nanalatinn / L

* Synthetic nitrogen production has now eclipsed all nitrogen produced by natural
systems (Erisman et al. 2008).

E * the European Science Foundation has declared that industrial production of
E reactive nitrogen “represents perhaps the greatest single experiment in global
j - . .
= geo-engineering that humans have ever made” (Sutton et al. 2011).
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How a century o}%gﬂnonia synthesis changed the worilcﬁﬂ) ) . ) gDﬂD . .
nature geoscience |n ’‘OL 1 | ADVANCE ONLINE PUBLICATION | www.nature.com/naturegeoscience
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Overdose for some not enough for others and energy loss

 But”™
billio
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Figure 2. Energy input and output in the U.S. food system.'®
— Producing calories ot 10ssil energy
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Globally our food system has exceeded blophy5|cal I|m|ts and boundarles aImost totaIIy
dependent on fossil fuels and is harming the atmosphere, water and land.

/
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We can radically change our food systems and possﬂoly feed the currentﬁopula&en@ui —~
~ what about energy? : x

- = ~— ’ ¢ ;i " - -
p i ;
- i 7
>

Our world as we know it is utterly dependent on fossil energy, can we replacert carbon

? ?
free? Do we want to-: “‘ \

Some reality about decarbonisation ...
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Ok so how is our transition to a zero carbon world coming along?

Energy use Treoes T mte e m8ese o=t -5 in total final energy consumption (TFEC) and total primary
Per capita total energy use New Zealand

Ca p I ta ) source World Bank data via https://www.theglobaleconomy.com/

Despite all t
have less re
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N

committed to setting a target of 50 per cent of total energy consumption coming
ces by 2035 we were at 28.4in 2021

But NZ is 8(Q
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Um NO!!
29% of our
“renewable

2000 2010 2020

= of energy consumption =m Renewable share of energy supply

Figure 2.1. World per capita primary energy consumption per year by fuel type, 1850-2014. Primary electricity converted by direct equivalent method.
Source: Data compiled by J. David Hughes from Arnulf Grubler, “Technology and Global Change: Data Appendix,” (1998), and BP, Statistical Review of World Energy, (annual
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http://www.iiasa.ac.at/~gruebler/Data/TechnologyAndGlobalChange/
http://bp.com/statisticalreview

How do we transition to this decarbonised world?

Historic energy transitions ...

Biomass W) coal W) hydrocarbons — ?

“Smil is'one of my favorite authors.

The term ‘polymath’ was made for people
like him.... | learn more by reading
Vaclay Smil than just about anyone else.”
Bill Gates, The Gates Notes

Can we move to a world without fossil fuels that looks a lot like today? ==F ==t s

Vaclav Smil

a-51 PV R
y '

One crucial issue to understand is power density ..

A KEY TO UNDERSTANDING ENERGY SOURCES AND USES
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The transition to a decarbonised
world

Energy density of
different energy

options

Crude oil — - Diesel

S

Biodiesel . transport
Vegetable oil ~__

e

. T~ES85
Coal, anthracite

Q@ Liguefied Natural Gas

B © Ethanol
@

Coal, bituminous

- Coal, lignite
T Wood, dry red cak Liguid Hydrogen O

Battery, lithium-ion @ CNG (197 atm)

-~ Battery, lead acid Natural gas (1 atm)

25 75 100 125
MJ/kg

@ Solid fuels © Liquid & gas fuels © Storage media

Figure 1.3. Volumetric and gravimetric density of fuels and storage media.
Sources: Coal: Tadeusz Patzek and Gregory Croft, “A Global Coal Production Forecast with Multi-Hubbert Cycle Analysis,” Energy 35 (2010):
3111. Natural gas. Crude oil and wood. Batteries and additional batteries. All others: Charles Hall and Kent Klitgaard, Energy and the Wealth of
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VICTORIA UNIVERSITY OF

WELLINGTON

TE HERENGA WAKA



https://people.hofstra.edu/geotrans/eng/ch8en/conc8en/energycontent.html
http://w.astro.berkeley.edu/~wright/fuel_energy.html
http://www.allaboutbatteries.com/Battery-Energy.html
http://thebulletin.org/limits-energy-storage-technology

Energy 101 . .

Converting our energy use to human worker equivalents to make it

understandable ﬂ
A ‘\ 697 W
* In 2018 the global economy ran on. 27 grillion watts of energy : -
80% of this was from oil which is equivalent to 500 billion W o

human workers (c.f. ~ 4 billion real workers)

 Thatis 70 for every human on planet but many humans have
none ~ 200 energy slaves for each one of us in wealthy world

(and we pay them ~ 1 cent/hr
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Net Energy reality

1995 ——, 2011

EROEI (Energy Return On Energy Invested) can be
thought of like fitness (Darwin) and must be
applied to energy as well.

net energy available to society (%)

Fossil energy EROI is declining fast

Brockway, P. E., A. Owen, L. |. Brand-Correa, and L. Hardt. 2019. Estimation of global final-
stage energy-return-on-investment for fossil fuels with comparison to renewable energy
sources. Nature Energy 4:612-621.
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N Energy required to
produce energy

00 : Energy available for
use

Because all alternative energy systems are built with fossil fuels then their eroi will decline with fossil fuels

Louis Delannoy, Pierre-Yves Longaretti, David J. Murphy, Emmanuel Prados, Peak oil and the low-carbon energy transition: A

CAPITAL THINKING. net-energy perspective, Applied Energy, Volume 304, 2021, 117843, ISSN 0306-2619,
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MAI I TE IHO KI TE PAE

VICTORIA UNIVERSITY OF

yood WELLINGTON
N

TE HERENGA WAKA


https://doi.org/10.1016/j.apenergy.2021.117843

. Tar S5ands oil

The physical limits to growth; the hardly ever mentioned resource pyramid

conundrum multiplier for declining eroi net energy reduction

Resource Pyramid
(for energy)

The largeii 1% of ol figlds proncide 20% of wosld poodu crec
- T G field crude
Onshore, easy to extract liquid oil ' e e
gn
Shallow water liguid oil ERCE

Onshore heavy liguid; oil sands

Ultra deep water oil

Polar oil [Artic oil) Wi ¥ cemadian
. '—_ =il .
- Incresasing cost
L of mdraction
[inciiding
WMORE

EHERGY)

Qil shale [fracking) —

EROEI=1
(NC NET ENERGY PROFIT]

o Maintenance

Year: 1949
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Resource Pyramid
(for minerals)

Highly concenirated
Easy exiraclianiasoets

Lo Conchmiraion
Difficult extrachon/access

=30 J +w w3

Cut off Cu grade 20%
Cut off Cu grade 10%
Cut off Cu grade 3.0%
Cut off Cu grade 0.7%

Cut off Cu grade 0.1%

Energy investment required as a percentage of total global GDP (Hall, C et al, 2012 bit.ly/hicsmeit)
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Myth: energy use declines as new technology leads to gains in efficiency —
Reality: we use ever more energy and materials

Global Energy Consumption per Total Global Energy
Population Capita Consumption
SE+09 90 700
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80 . .
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Figure 17. World population, per capita-, and total energy consumption, 1820-2018
(Source: Data from Tverberg, G. https://ourfiniteworld.com/, and BP Statistical Review of the World Energy 2019, US Census Bureau)
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[T,

Industrial ‘v \
| Vg = Circular economy
: 2 S

Battery Metals Needed to Phase Out Fossil Fuels

140 or negative
120
B Global Reserves . . s
a very energy inefficient energy

_. 100
2
c = O Mass of metal needed to manufacture
S 80 1 868.3 million tonnes of Li-lon Batteries
S 60
= 40

20 +

0 -

Figure 301. Proposed paradigm for the next generation of the Circular Econa
(Image: by Tania Michaux, EIT Raw Materials, and European Commission)

Nickel Cobalt Lithium

discover another 7.13 DRC Congo cobalt deposits

CAPITAL THIN discover another 6.97 Australian lithium deposits VICTORIA UNIVERSITY OF

GLOBALLY M 2 WELLINGTON

L LT R TR T2 discover another 6.28 Indonesian nickel deposits P AR T ECP R 7.0 &




Energy limits and mineral and metal limits

Total metal requirement to produce one generation of technology units to
phase out fossil fuels (tonnes)

2019 global mine production and 2022 global reserves were nowhere
near adequate for copper, lithium, nickedritobalt, graphite, and
vanadium.

 E.g. Copper we would need 4,575,523,674 t — but only 19% of that
amount exists.

* PLUS ore concentrations declining rapidly, every 1000 deposits
discovered only 2 — 3 become working mines and takes 10 -15 years to
develop...

A KEY TO ‘up«bsnsﬁmupmému&ﬁsv SOURCES AN AUSES

Resources, Conservation & Recycling

5 s - ! ] - i
Quantity of metals required to manufa eneration of renewable technol l & 1 ¥ A = j
units to i s
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Rebuildable (aka renewable energy) energy non-renewable mineral and metal reality ...
Green energy? Green hydrogen?

Materials (ton/TW)

Other*

Steel

Glass
B Copper

B Cement/Concrete

930 . B Aluminium

Nuclear Hydro Solar Wind Geothermal

Figure 4. Base-material input per 1 TW generation

Note: Other includes iron. lead. plastic. and silicon
https;//click.endnote.com/viewer?doi=10.5539%2Fjms.v12n1p96&token=WzI0MzU5NDgsljEwLjU1Mzkvam1zLnYxMmd4xcDk2110.ESQsDAYRHKrBE8sTPoBdSSHB6t4

Source: Adapted from DOE, 2015, Table 104, p. 390.
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 We naively think (or are told) we can replace a complex industrial ecosystem that took more
than a century to build using cheap and abundant oil which is the highest calorifically dense

source of energy the world has ever known combined with unlimited mineral resources

R\Eadh

e All this at a time when we have ever more expensive energy, declining EROI, declining mineral
densities, an unprecedented human population and a deteriorating environment teetering at

the limits, and conflict over almost all resources...

* |If we don’t focus on reducing consumption and energy waste, and instead fixate on replacing
fossil fuels with so-called renewable (replaceable) energy, we are simply swapping one race to

destruction with another.
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* The rise of the self delusion industry
— Net zero
— Green growth Earth
— Magic energy solutions — hydrogen etc.

— Carbon capture and storage
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Cllm L
R

“Net zero 2050":
A dangerous illusion

JULY 2021

The “fake news” designed to make us think we can carryon as we are
net-zero carbon by 2050
net zero companies
zero carbon flights
zero carbon motoring
renewable energy ...
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Net-zero carbon by 20507?

Net zero means we can “off-set” our emissions by sequestering carbon - planting trees.
Can't we?

The carbon causing our climate problems today come from fossilised biology formed
through ancient carbon cycles, Y&ttly over the 200 million years of the Mesozoic era
(ending 66 million years ago). Even if we were to replace all the trees, wetlands, soil
carbon etc. all we could achieve would be replacing the carbon we released altering the
earth to produce this industrial society but not a kilogram of fossil carbon sequestered
way back in the Mesozoic.

Dangerous trees - Any tree is good tree except one that allows us to burn fossil fuels

So, ‘net-zero carbon’ is not real the reality is its zero carbon = no fossil fuels by 2050
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 We must be carbon zero not net-zero by 2050 at latest
* so ™~ 10% reduction every year ...
* hereis ourdilemma

* The fossil Energy, ecological harm, non-renewable material extraction - GDP -

carbon linkage
\Earth

® Global extraction of rmw matenals (btons)
= World ecologcal footprint (global hectares )

e MaunaLoa k Slobal SDP (2015 USS) !
+ Law Dome Primary Energy vs Real GDP 1980-2015 [ /d

Vel TEPICA 1) N

Atmospheric CO2 Perturbation (ppmv)
o

Primary Energy (Exajoules)

n s s 2000 2010 2020
World GDP (Trillions of 1990 dollars per year) Real GDP (trillions of 2010U5 5)
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As uncomfortable as | know this is, we
must face the reality that we are the
problem

\Earth
A net worth of NZ $150,000 is enough to make you

richer than 90 percent of people in the world. This
10% above that (~¥50% of NZers) are responsible for

>50% of GHG emissions plus waste etc.

Top 10% of NZers are in the global 1%

https://www.cnbc.com/2018/11/07/how-much-money-you-need-to-be-in-the-richest-10-
percent-worldwide.html

https://www.wgtn.ac.nz/ data/assets/pdf file/0007/1935430/WP-21-10-wealth-inequality-

in-New-Zealand.pdf
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https://10insightsclimate.science/10-new-insights-in-climate-science/5-global-climate-action-must-be-just

PERSPECTIVE M) Check for updiates

Scientists’ warning on affluence

- 1653 2 o0 3¢
Thomas Wiedmann , Manfred Lenzen® <, Lorenz T. Keyfer &

Julia K. Steinberger® 4

Richest 10%
responsible for
almost half of
total lifestyle
consumption
emissions

World population
arranged Dy
income (deciles)

Poorest 50%
responsible for
only around 10 %
of total lifestyle
consumption
emissions

Fldurel Percentage of CO, emissions by world population
urce: Gore & Alestig, 2020)

https://zoe-institut.de/wp- content/uploads/2021/12/ZOE 1-5-Degree_Policy_| Eqwtable Lifestyles. WEB_211221_2.pdf
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Reality check — why we have to
act now and why we must
consume way way less

Global Fossil Fuel Consumption

1. Fossil fuel

consumption - oil, coal,

gas — continues to rise
2.In 2018, the world consumed
11,865 mtoe of fossil fuels. There
are 11,051 days until 2050. Getting

to net zero by 2050 requires
replacing >1 mtoe every day
starting now.

N\

* ~1500 x 2.5MW wind turbines

3. What is 1 mtoe?

* ~1 nuclear plant, or

This amount of C-free energy would need
to be deployed every day to replace fossil
Source: BP 2019 fuels to hit net zero by 2050
R. Pielke Jr. in @Forbes
30 Sept 2019

https://www.forbes.com/sites/rogerpielke/2019/09/30/net-zero-carbon-dioxide-emissions-by-2050-requires-a-new-nuclear-power-plant-every-
day/?fbclid=lwAROarZXkUCKU QndkmITYvQO4cIClyG axZ70 6EswVcgubxsCR 0X8 Imi#lc3eb84135f7

In 2018 the world consumed 11,743 mega-
tonnes of oil equivalent (mtoe) fossil fuel

So to reach net-zero carbon by 2050
(~11,000 days) we need to replace about 1
mtoe every day from now until 2050

Thus, we would need to build 1500 2.5 mw
wind turbines (covering 777 km?) every day
from now until 2050, or 1 large nuclear
power plant per day! 8 mill km2 = area of
continental USA

Then there is the material needs to connect
it all, and the electrification of everything
currently powered by fossils ++++
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Summary

* Energy is the basis of all aspects of human society.
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muscle and firewood

CL%OOO —-4000 -2000 0 2000 4000 6000 8000 10000
year

* Fossil fuels enabled a dramatic expansion of energy usable
by humanity enabling unprecedented growth in human

population, economic activity, and material consumption.

* |t takes energy to get energy, and the ratio of energy
returned versus energy spent net-energy has historically
been extremely high for fossil fuels, as compared to previous

and future energy sources.
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Summary

e Climate crisis is just one symptom of overshoot

 We have a heap more existential crises environmental and Carbon Tunnel Vision
i 1 “\Earth
social coming at us

Eutrophication

Poverty Water crisis

Biodiversity loss Health

 BUT are all interconnected so many have solutions (e.g.
reducing consumption) in common

Ecotoxicity Education

Carbon
emissions

Resource
Air pollutants scarcity

Affordable goods
& services

Inequality

Overconsumption
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Conclusion

* We must utterly change how we live, what we value and what it means to be
successful.

\
* Transformative action at the 583le we need seems unlikely to happen under
politics-as-usual. All political parties, here and globally, are too tribal and

popularity driven, pitting people against each other is their default setting, and
the required tough decisions would see them gone by lunchtime
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The only possible realistic future - degrowth

1. End the self delusion

* Net zero, carbon zero teee planting

 CCS
* Decoupling emission from GDP
* Military & international aviation emissions

2. Bring in some reality
* Begin consumption based accounting of GHG emissions

e Use the remaining carbon budget (<10 yrs) on preparation only
* TEQs for embodied carbon or embodied emissions” and degrowth



The possible realistic future - degrowth

50 -75% reduction in consumption

Regenerative food production which builds topsoil while capturing and storing atmospheric CO, (note

only replacing what we lost not fossil)

Low tech—the revival of past, and.gffen forgotten, technologies as a ways to cope under conditions of

more expensive and less abundant energy

Ecosystem protection and restoration led by indigenous peoples, set aside more land and oceans for

ecosystem restoration and recovery

Energy rationing systems—such as tradable energy guotas, pioneered by the late British economist

David Fleming

Transition engineering, as explored by Susan Krumdieck and colleagues

Building (or rebuilding) strong neighbourhood networks so that people can support each other in times

of need (and have some fun in other times). (Richard Heinberg)
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https://www.lowtechmagazine.com/
https://www.campaignfornature.org/indigenous-peoples
https://flemingpolicycentre.org.uk/teqs/
https://www.transitionengineering.org/

Food and agricultureinNZ2 . e 3,3/ T A 2/ = st et 3

e Establish full emissions profile (atmosphere and water) of industrial agriculture and
horticulture then apply the full costs to the industry

e This would level the playing field and sustainable food productlon would be the
obvious economic choice.

e Investigate the true value of food systems in terms of nutrition and human health.
The current system does not differentiate the crucial difference between junk food
and real foed (milk powder)

e New food systems, local, no external.inputs;-no emissions, no monocultures, must be

EROI positive.
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Degrowth: Is There Any Alternative?

To slow climate change and rescue key ecosystems from the brink, a new economic paradigm is needed.
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Electric aircraft

 “Replacing regional, narrowbody, and widebody aircraft would
require roughly 6x (1500km), 9x (3000km), and 20x(8,800km)
improvements in the specific energy of the battery pack. In the
25 years from 1991 to 2015, the specific energy and energy
density of lithium-ion batteries improved by a factor of 3.”

. 8 Jayant Mukhopadhaya, “What to expect when expecting electric airplanes”, ICCT, July 14, 2022.
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https://theicct.org/aviation-global-expecting-electric-jul22/

HOME ABOUT CAMPAIGNS

Biofuel mandates

Wishing for fairy dust - why the . _ _
NZ Biofuels Obligation is the * itis estimated that since 2011, the

added demand for land to grow crops
to satisfy the EU’s legal requirements
for biodiesel resulted in tropical

worst kind of magical thinking

By Jake Roos, BSc (Hons), MAppSc Energy Management d efo re Sta t i O n Of a n a re a g re ate r t h a n
July 2022 .
e the Netherlands, the destruction of 10%
\V\'oulu?]‘ft‘it be grc.u‘['iﬂf‘.\\'\isllki‘s czl‘mc. [1‘.ulc. ;m.d :1|‘| \om }ﬁ‘\oblcms ]"ust. \\"C.ﬂ‘t ;1\\;;1.\‘":’ l‘f‘ul‘)] Of t h e re m a i n i n g g I O ba I O ra n g uta n
you needed to do is ask for something and it materialised out of cthin air before you? . . .
Of course it would, but the world doesn’t work like that. Burt it scems the NZ h a b Itat a n d g re e n h O u Se ga S e m I SS I O n S
Government is in the thrall of such magical thinking when it comes to ‘sustainable’ aq e
pofucl of 381 million tonnes of CO2-

equivalent, three times higher than if
they had simply used fossil fuels. Read
that again — that’s 254 million tonnes
more emissions compared to if they had
done nothing.
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https://www.transportenvironment.org/discover/10-years-of-eu-fuels-policy-increased-eus-reliance-on-unsustainable-biofuels/
https://www.transportenvironment.org/wp-content/uploads/2021/07/Biofuels-briefing-072021.pdf

