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John Tyndall, 1859
“CO2 is a GHG”

Svante Arrhenius, 1896
“Changing atmospheric 
CO2 concentration could 
change the temperature - 
could the concentration 
change?”

Arvid Hogbom, 1896
“Yes!”

Guy Callendar, 1938
First warming trend 

observed

David C. Keeling, 1950
Started measuring [CO2]atm in 

Mauna Loa

Lyndon Johnson, 1965
Acknowledged dangerous 

anthropogenic climate 
change

Margaret Thatcher, 1984
Put climate change on the 

G7 agenda

de Saussure, 1774
“hot box”

C. Pouillet, 1838
“can H2O and CO2 

trap heat?”

E. Newton 
Foote, 1856

“CO2 traps heat”











So, what does net zero mean?

The term net zero is so ubiquitous as to be meaningless

- Zero greenhouse gas emissions?

- Net zero greenhouse emissions

- No fossil carbon in the energy system?

- Only wind, water, and solar energy?



CO2 
removal



2023 Estimate



Industrial Revolution
~ 1760  -> 1840

First World War
1914 - 1918

Second World 
War

1939 - 1945

Great Depression
1929 - 1939

1970s Energy Crisis
1973 - 1980 9/11

2001

Global Financial Crisis
2007 - 2008

COVID-19 Pandemic
2020 - 2022

Global Flu Pandemic
1918 - 1920

Vietnam War
1955 - 1975



Energy Trilemma..?

https://www.worldenergy.org/transition-toolkit/world-energy-trilemma-index 

https://www.worldenergy.org/transition-toolkit/world-energy-trilemma-index


…or Energy Hierarchy?

Source: Arjun Murti, Super-Spiked, https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears 2023

https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears
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age

Coal
age

Oil
age



Source: Ourworldindata; Energy Institute - Statistical Review of World Energy (2023); Smil (2017) and J.P. Morgan Global Energy Strategy. 



Energy addition, not transition

Data from: https://ourworldindata.org/grapher/primary-sub-energy-source

52,470 TWh 177,057 TWh

https://ourworldindata.org/grapher/primary-sub-energy-source






Carbon emission ≠ carbon consumption

Davis and Caldera, PNAS, 2010



Source: Arjun Murti, Super-Spiked, https://arjunmurti.substack.com/p/re-centering-energy-transition-to 

https://arjunmurti.substack.com/p/re-centering-energy-transition-to




“Rest of World” energy needs are huge…

• EU/US etc demand is ~ 13 bbloil/capita 

• If Africa and India increase to ~ 4 bbloil/capita equivalent – China level – this 
equates to an additional ~ 20 M bbloil/day demand

• Is this a lot?

• Won’t electric vehicles (EVs) mitigate this?

Source: Arjun Murti, Super-Spiked, https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears 2023

https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears


Is 20 M bbloil/day a lot?

https://www.statista.com/statistics/265203/global-oil-production-in-barrels-per-day/ 

https://www.statista.com/statistics/265203/global-oil-production-in-barrels-per-day/


But what about EVs…?

https://www.energy.gov/eere/vehicles/fact-676-may-23-2011-us-refiners-produce-about-19-gallons-gasoline-barrel-oil 

https://www.energy.gov/eere/vehicles/fact-676-may-23-2011-us-refiners-produce-about-19-gallons-gasoline-barrel-oil


Predictions are uncertain, especially about the future!



IEA, Fossil fuel use by scenario, 2020, 2030 and 2050, IEA, Paris 
https://www.iea.org/data-and-statistics/charts/fossil-fuel-use-
by-scenario-2020-2030-and-2050, IEA. Licence: CC BY 4.0

Predictions are uncertain, especially about the future!

OPEC, World Oil Outlook, 2023



Future demand for coal?



The People vs. The IEA..?

John Barrosso

Cathy McMorris Rodgers

Fatih Birol
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 CF solar

 CF wind

 A. 1 MWh continuous electricity, with batteries

 C. 1 MWh continuous electricity + surplus electricity, with batteries
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Cost of intermittency

Freire, et al, Energy Advances, 2023                        IRENA insights (2020). Wind and Solar PV - what we need by 2050



MWh ≠ MW

Freire, et al, Energy Advances, 2023

Gas CCS $80 – 90 USD/MWh



“Big oil” becomes “big mining”?
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Renewable energy is getting cheaper…

Source: https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/north-american-solar-wind-power-prices-continued-ascent-in-2023-8211-report-80219261 
https://www.irena.org/news/pressreleases/2020/Jun/Renewables-Increasingly-Beat-Even-Cheapest-Coal-Competitors-on-Cost 

https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/north-american-solar-wind-power-prices-continued-ascent-in-2023-8211-report-80219261
https://www.irena.org/news/pressreleases/2020/Jun/Renewables-Increasingly-Beat-Even-Cheapest-Coal-Competitors-on-Cost




The economy is simply energy transformed

• ALL major bear markets 
have been when energy is 
structurally expensive

• High energy costs are 
invariably inflationary  

Source: Charles Gave, Gavekal Research “The relationship between energy and financial markets”, June 6, 2024





https://www.economist.com/graphic-
detail/2023/05/10/expensive-energy-may-have-
killed-more-europeans-than-covid-19-last-winter 

https://www.economist.com/graphic-detail/2023/05/10/expensive-energy-may-have-killed-more-europeans-than-covid-19-last-winter
https://www.economist.com/graphic-detail/2023/05/10/expensive-energy-may-have-killed-more-europeans-than-covid-19-last-winter
https://www.economist.com/graphic-detail/2023/05/10/expensive-energy-may-have-killed-more-europeans-than-covid-19-last-winter


Energy transition is expensive…and unprofitable…

Attracta Mooney, “The $9tn question: how to pay for the green transition”, Financial Times, 06/05/2024

https://www.ft.com/content/6873d96e-3e40-45c6-9d84-8ce27b7b23e1


https://www.bloomberg.com/graphics/2024-hedge-funds-climate-change-green-energy-stocks/ 

Energy transition is expensive…and unprofitable…

https://www.bloomberg.com/graphics/2024-hedge-funds-climate-change-green-energy-stocks/


For context, 1.5% is challenging…







Source: Arjun Murti, Super-Spiked, https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears 2023

“Justice”

https://arjunmurti.substack.com/p/obliterating-peak-oil-demand-fears


Climate change and national sovereignty

https://www.europarl.europa.eu/doceo/document/RC-9-2022-0409_EN.html and https://www.africanews.com/2022/09/19/uganda-condems-eu-resolution-slamming-oil-pipeline// 

https://www.europarl.europa.eu/doceo/document/RC-9-2022-0409_EN.html
https://www.africanews.com/2022/09/19/uganda-condems-eu-resolution-slamming-oil-pipeline/


Climate change and national sovereignty

https://foreignpolicy.com/2022/07/14/europe-africa-energy-crisis-gas-oil-fossil-fuels-development-finance-hypocrisy-climate-summit-world-bank/ 

https://foreignpolicy.com/2022/07/14/europe-africa-energy-crisis-gas-oil-fossil-fuels-development-finance-hypocrisy-climate-summit-world-bank/


Anwar Ibrahim, Prime Minister of Malaysia

“The need for transition must be balanced against our need to survive, to ensure that 
our present policies eliminating poverty in providing education, health and basic 
infrastructure are not frustrated because of the dictates of others that do not place 
adequate consideration on what we have to face.”



Need to shift the conversation to value creation

Hackett, Industria Mundum, 2018 http://www.ccsassociation.org/news-and-events/reports-and-publications/clean-air-clean-industry-clean-growth/

Policy and decision makers 
are looking for tangible 
benefits rather than 
technical detail, e.g., GDP 
growth and employment. 

Need to demonstrate the 
societal value of 
CCS/CCUS.

Every £1 invested for CCS 
results in £4.8 of societal 
& economic benefit. £
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Benefits

dramatically 

outweigh costs

CO2 T&S

CO2 Capture and integration

Host Plant Impact

Operating, Maintenance, 
Energy and Decommissioning

Indirect Jobs

Increase in Domestic 
Economic Activity vs. 

non-CCS pathway
(Retained and Created)

£54bn

Inward Investment

Manufacturing/Production

Direct Jobs

Health/Wellbeing

Energy Costs Reduction
Avoided Emissions

£95bn

Private Sector Benefit

Environmental

£5bn

Exports – Imports
(CCS supported) £1bn

Balance of Trade

£9bn

CO2 Storage Services
(for 3rd Countries) £8bn

+
 £

b
n

CCS Costs 
(Capex, Opex)

£34bn 
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Benefits 

can 

outweigh 

costs

CCS 

costs 

(CAPEX 

& OPEX)

http://www.ccsassociation.org/news-and-events/reports-and-publications/clean-air-clean-industry-clean-growth/


Some conclusions…
• Awareness of the anthropogenic nature of climate change is not new

• Humanity faces an energy hierarchy, not an energy trilemma

• Pragmatism is key; the world of 2025 is vastly different to that of 2015

• National security and geopolitics will trump climate considerations

• Taxpayers, consumers, and investors all have a role to play

• Respecting the national sovereignty of individual countries is a must

• Meeting growing energy demand will require every “tool in the shed”

• Need to focus on economic growth and value creation 

• Presenting climate change mitigation as a set of binary choices is a 
fundamental mistake



What do we need for net zero?
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