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From Aart…

…to Zoe.



Climate change mitigation policy before net zero



Why this seemed to make sense at the time

• Of 41 billion tCO2 emitted per year, oceans and 
biosphere take up 21 billion tCO2 per year.

– https://www.globalcarbonproject.org for 2009-2018

• Halve anthropogenic emissions to bring sources and 
sinks back into balance – right? 

• Sadly, wrong. And still being perpetuated:

– “global tree restoration … could store 205 GtC … a 
considerable proportion of the global anthropogenic 
carbon burden (~300 GtC) to date.” Bastin et al, 2019

https://www.globalcarbonproject.org/


What actually happens

• Imagine two flasks, linked by a 
thin pipe:

– Atmosphere

– Oceans and biosphere 

• Pour water into one, only half of it 
seems to remain there.

• But halve rate of pouring and you 
only halve the rate of increase.

• Removing 200 GtC decreases 
atmospheric load by 100 GtC.



So to stop global warming…

• We either have to turn off the tap

– end all anthropogenic CO2 emissions



So to stop global warming…

• We either have to turn off the tap

– end all anthropogenic CO2 emissions

• Or ensure that any remaining 
emissions are permanently offset 
by active CO2 removal into the 
geosphere.



So to stop global warming…

• …we need to stop dumping CO2 into the atmosphere.

• And there are only two ways to stop dumping CO2 

into the atmosphere:

 An effective global ban on fossil fuel extraction and use, or

 An alternative, safe and permanent means of disposing of CO2.



Can you imagine a global ban on the extraction 
and use of fossil fuels?



Or even a national ban: Cambridge’s latest report: 
“Absolute Zero”

Allwood, J. et al, 2019: https://doi.org/10.17863/CAM.46075

https://doi.org/10.17863/CAM.46075


How about Nature-based Climate Solutions?



Sadly, storing carbon in trees is neither safe nor 
permanent

Fires in Brazil, a major recipient of carbon storage credits, 2019



The potential of Nature-based Climate Solutions



The David MacKay Rule:

• “Please don’t get me wrong: I’m 
not trying to be pro-nuclear. I’m 
just pro-arithmetic.”

• “We need numbers, not 
adjectives.”

• https://www.withouthotair.com

https://www.withouthotair.com/


Running the numbers on climate solutions

Human-induced warming (∆𝑇) over a time-interval from a few years to a few 
decades is proportional to total cumulative carbon dioxide emissions over 
that time-interval (𝐸CO2) plus the impact of any change in global energy 
imbalance due to other human influences on climate (∆𝐹other):

∆𝑇 = 𝜅 𝐸CO2 +
∆𝐹other
𝛼

• 𝜅 = “Transient Climate Response to Emissions” ≈ 0.4oC per TtCO2 

– TtCO2 = Trillion tonnes of CO2; AR5 likely range for 𝜅: 0.23-0.68oC

• 𝛼 = “Normalised AGWP” of CO2 ≈ 1.0 W/m2 per TtCO2

– AR5 values of 0.9-1.2 for H=20 to 100 years

Note: This slide has been clarified from the presentation version thanks to feedback from Herbert Huppert.



How about going straight for ∆𝐹?



“Peak shaving” proposals for “safe” SRM

Peak impact 

comparable to 

response 

uncertainty

SRM deployed 

after emissions 

already reduced 

by ~30%



Why I don’t devote much time to SRM

• Permanent reliance on heavy SRM would be 
geopolitically destabilizing.

• Enthusiasts insist SRM can be deployed for a limited time 
to prevent temperatures going above a critical threshold.

• But the climate doesn’t work that way: risks rise 
continuously as temperatures rise.

• And “peak shaving” scenarios involve deploying SRM 
after emissions are already well on their way to net zero, 
and depend on CO2 removal as SRM is wound down.

• So would it ever be worth the governance headaches?



So…

• We need to stop fossil fuels causing global warming.



Won’t a carbon price solve it?



But even €0.03 per litre = $12 per tonne of CO2

may be too much for some



And these are the carbon prices it seems to take 
to price fossil carbon out of the economy

Note log scale!



Because people are prepared to pay a surprising 
amount for fossil fuels

Lignite mining in Anthochori, Greece, 2007



A puzzle:

• Why do carbon prices go this high in the IPCC 
scenarios when technologies exist for scrubbing CO2

back out of the atmosphere for <$1,000 per tonne?

• Why pay a $2,000 per tonne carbon tax when you 
could pay https://carbonengineering.com $200 (??) 
to dispose of a tonne of CO2 instead?

https://carbonengineering.com/


The answer:

• Because models assume (probably correctly, at the 
current rate of progress) that we don’t develop CO2

capture and disposal technologies in time.

• Why is this probably correct? Because if we rely on a 
carbon price, there is no incentive to invest in more 
expensive mitigation options.



Economists are at last confessing that they don’t 
have all the answers

• “Carbon pricing by itself 
may not be sufficient to 
induce change at the pace 
and on the scale required 
for the Paris target to be 
met…”

• Translation: no conceivable 
carbon price will stop the 
dumping of CO2 into the 
atmosphere.



How else can we dispose of CO2? Simplest proven 
permanent option is geological storage

But carbon capture and sequestration 

(CCS) is not at all popular



Solving climate change through a progressive 
Carbon Takeback Obligation

• Emissions, sequestered fraction and implied carbon 
price in conventional mitigation scenarios versus a 
Carbon Takeback Obligation.



The remarkable economics of Carbon Takeback

• Suppose CO2 disposal costs 

– $50/tCO2 sequestered initially (CO2 captured at source),

– $250/tCO2 at net zero (point sources + direct air capture).

• Cost per tCO2 of fossil carbon sold = S(50+200S) 
where S is sequestered fraction. 

• This is equivalent to a carbon price of:

– $  0.52 /tCO2 at S=1% (early 2020s)

– $12.00 /tCO2 at S=15% (early 2030s)

– $250 /tCO2 at S=100% (2050s)
• Allen et al, “The Case for Mandatory Sequestration”, Nature Geoscience, 

2:813-814, 2009



The remarkable economics of Carbon Takeback

• Suppose CO2 disposal costs 

– $50/tCO2 sequestered initially (CO2 captured at source),

– $250/tCO2 at net zero (point sources + direct air capture).

• Cost per tCO2 of fossil carbon sold = S(50+200S) 
where S is sequestered fraction. 

• This is equivalent to a carbon price of:

– $  0.20 /bbl at S=1% (early 2020s)

– $  5.00 /bbl at S=15% (early 2030s)

– $100 /bbl at S=100% (2050s)

• Current oil price is about $60 /bbl



How the UK nearly solved the climate change 
problem – and no-one noticed

• “Within one year of this Act coming into force, the 
Secretary of State shall undertake a consultation on 
the measures requiring extractors and importers of 
petroleum to contribute to the development of 
carbon capture and storage.” 

– Amendment 34a of the Energy Bill, September, 2015

– see Oxburgh et al (2016), Report of the Parliamentary 
Advisory Group on CCS  
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How could a Carbon Takeback Obligation work?

• The UK imposes a licensing condition that anyone selling fossil 
fuels must certify that a fraction of the CO2 generated by 
those fuels has been geologically sequestered. 

• Sequestered CO2 can be sourced from any CO2 that would 
otherwise have ended up in the atmosphere, and (crucially) 
monitored to make sure it doesn’t leak out again.
– Companies would initially capture their own (e.g. refinery) emissions, 

then industrial, dirtier sources and eventually free air capture.

• This sequestered fraction rises, on average, by 3.3% per year, 
but slower initially: 10% by 2030, 50% by 2040, 100% by 2050.

• Costs passed on to the consumer, encouraging a shift away 
from fossil fuels, but no need for a ban or punitive carbon tax.



A net-zero compliant country, company or 
university

• Increase the fraction of your 
emissions offset by 3.3% per 
year = 100% by 2050.

• Of those offsets, increase the 
geological fraction by 3.3% per 
year = 100% by 2050.

Net 
Zero



Some facts to remember

• Climate change is fixable.

• But we have to get on with it.

• We can’t ban fossil fuels, so we need to decarbonize 
fossil fuels, which means a safe and permanent means 
of disposing of the CO2 they generate.

• There is only one institution in the world with the 
engineering capability, the cashflow & the access to 
capital to decarbonize fossil fuels:

 The global fossil fuel industry.

• So how can we get them to do it?

Net 
Zero


