
Myles Allen
School of Geography and the Environment 

and Department of Physics
University of Oxford

The Oxford Net Zero initiative

Achieving Net Zero: 
How we will stop global warming



Achieving Net Zero: 
How we will stop global warming
having tried all the alternatives…



How soon do we need to stop global warming?

Human-induced 
warming has  
increased by 
50% since 2000, 
with impacts 
approximately 
doubling every 
20 years



We’ve understood what’s happening for some time

Figure 1 from William D. Nordhaus, “Strategies for Control of Carbon Dioxide”, Cowles 
Discussion Paper 477, January 6, 1977, using theory developed by, among others, 
Suyukro Manabe and Klaus Hasselmann in the 1960s and 1970s

Presenter Notes
Presentation Notes
As evidence that it wasn’t necessary to wait for a detectable signal to appear before making predictions, here is a figure in a report by William Nordhaus, an economist from Yale, showing the impact of sustained fossil fuel use from 1975 onwards. He used a very simple model, but informed by the results of Manabe, Schneider and others. This paper was, to our knowledge, the first time that 2 degrees was proposed as a reasonable upper limit for human-induced warming, representing Nordhaus’ assessment of the limit of temperature fluctuations over the past 100,000 years. When this forecast was made, temperatures had been stable or even declining for a couple of decades, but knowing what was happening to CO2, knowing that virus load was going up, Nordhaus went ahead and predicted a substantial warming starting in 1980. If we just plot observed temperatures right up to the present day – that spike at the end is 2016 – we see his prediction was remarkably accurate, confirming it was neither necessary, nor necessarily wise, as the Charney report concluded to wait until the warming was detectable before deciding what to do about it.



More surprises in emerging climate impacts
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Cumulative carbon dioxide emissions 
to the time of net zero largely 

determine peak warming

Figure SPM.10 of IPCC (2014)



Achieving Net Zero

And weaning the world off fossil 
fuels is going to take time: 

We need to stop fossil fuels from 
causing global warming before the 

world stops using fossil fuels

Lignite mining in Anthochori, Greece, 2007
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reductions complemented with 
Nature-based Climate Solutions
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Achieving Net Zero

Nature-based Solutions have 
immediate benefits, but take 

time to reduce temperatures: 
limited impact on peak warming 

if this occurs around mid-century 

Girardin et al, Nature, 2021



Achieving Net Zero

So invest in nature, but don’t 
count on it as a permanent 

solution

?



Achieving Net Zero

Stopping fossil fuels from causing 
global warming means scaling up 

permanent CO2 storage



How to stop fossil fuels from causing global 
warming

Burn 
less

Store 
more

Global CO2 production 
and storage from energy 
and industry in average 
“technology neutral” 
scenarios that limit 
warming to about 1.5oC



The challenging economics of CO2 storage

https://www.goldmansachs.com/insights/pages/gs-research/carbonomics-10-key-themes-from-the-inaugural-conference-f/report.pdf

We can eliminate 75% of 
emissions with very little 
use of CO2 storage, but 
we can’t get to net 
zero…

Measures to reduce CO2 production

Measures to increase CO2 storage Final 25%

Vital role for CO2 capture 
and disposal at about 
$250 per tonne



How carbon pricing fails to drive adequate CO2
disposal capacity in conventional policy scenarios

Carbon prices much 
greater than the cost 
of CO2 disposal



Belated confessions of economists

• “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…”
– Stiglitz et al (2017)



Introducing the Carbon Takeback Obligation

• A group of countries (North Sea Alliance?) 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.
– Companies would initially capture their own (e.g. refinery) emissions, then 

industrial sources, and eventually free air capture.
• This sequestered fraction S 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.



How a Carbon Takeback Obligation works
Current situation



How a Carbon Takeback Obligation works
CTBO introduced



How a Carbon Takeback Obligation works
Scaling up the stored fraction



How a Carbon Takeback Obligation works
Scaling up the stored fraction100% stored fraction: Net Zero Achieved



A conventional ambitious mitigation scenario



A Carbon Takeback Obligation supplemented with 
modest demand management



The surprising 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)



What does a $250 per tonne cost of disposing of 
carbon dioxide mean?



What does a $250 per tonne cost of disposing of 
carbon dioxide mean?

$100 per barrel 
of oil



What does a $250 per tonne cost of disposing of 
carbon dioxide mean?

50p per litre of 
petrol

Diesel
180p
Petrol
162p

Approximately updated



What does a $250 per tonne cost of disposing of 
carbon dioxide mean?

4p per kWh of 
natural gas

Natural gas prices in Europe

2012        2014        2016        2018        2020        2022



What does a $250 per tonne cost of disposing of 
carbon dioxide mean?

It means the royalties and profits in what we pay for gas 
are enough to capture every single molecule of CO2 that 
gas generates back out of the atmosphere and pump it 
back under the North Sea. 

It means the royalties and profits in what we pay for gas 
are enough to capture every single molecule of CO2 that 
gas generates back out of the atmosphere and pump it 
back under the North Sea. Twice over.



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

Ron Oxburgh



We need Net Zero Stuff

• By decarbonizing 4 products, we solve the climate problem:
– coal, gas, oil & cement.

• In each case, the cost of decarbonization would be less than 
wholesale price variations over the past 20 years 8 months.
– 50p/litre for petrol or 4p/kWh for natural gas

• You need regulation to invest in and insure fossil fuel assets.
• A point to remember: 

– we didn’t save the ozone layer by rationing deodorant.



Questions?

https://netzeroclimate.org
https://carbontakeback.org

https://go.ted.com/mylesallen

https://carbontakeback.org/
https://carbontakeback.org/
https://go.ted.com/mylesallen
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