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https://www.ft.com/content/71072c77-53b3-4efd-92ae-c92dc02f09ad?desktop=true&segmentId=7c8f09b9-9b61-4fbb-9430-9208a9e233c8#myft:notification:daily-email:content



Carbon battery charging 

Coal 
300,000,000 BC 
50,000 tons/year


Gas 
200,000,000 BC 
300 tons/year 


Oil 
100,000,000 BC 
500 tons/year

https://12dadd6d-9c4d-e9cc-5e32-ec7b4524c1a4.filesusr.com/ugd/eca6d5_75b738f056fb44a5ae1f2b7ead8f8fcb.ppt?dn=SPU-14%20Glacial%20Cycles%202016.ppt

0 2000
580

500

436

396

345

310

281

232

196

141

 66

 23
  2 Late Tertiary

Early Tertiary

Cretaceous

Jurassic

Triassic

Permian

Late Carbonif.

Early Carbonif.

Devonian

Sylurian

Ordovician

Cambrian

M
Yr

m3/Yr m3/Yr

Heavy Oil

0 1500

Oil

300 600

Gas

1000 m3/Yr

50 150

1000 t/Yr

Coal



Annual discharge of world carbon battery

https://ourworldindata.org/explorers/energy?
tab=chart&facet=none&country=USA~GBR~CHN~OWID_WRL~IND~BRA~ZAF&Total+or+Breakdown=Total&Energy+or+Electricity=Primary+energy&Metric=Annual+consumption

130,000 TWh (heat)


~ 468 EJ


~ 40 billion tons of oil or 
coal


~ 3 cubic miles of oil


Discharge rate: 15,000 GW 
3 million x charge rate

1 TWh is the energy of 123,000 t-coal.



King Hubbert, for Shell, 1956

http://www.energycrisis.com/Hubbert/1956/1956.pdf



King Hubbert on peak oil

http://www.energycrisis.com/Hubbert/1956/1956.pdf



Peak oil

References



Penwell, 
TX, 2020

https://www.wsj.com/articles/fracking-oil-prices-shale-boom-11643824329?mod=hp_lead_pos4



Ollfield services bankruptcies: $117 billion, 2015-2021

https://www.haynesboone.com/-/media/project/haynesboone/haynesboone/pdfs/energy_bankruptcy_reports/oilfield_services_bankruptcy_tracker.pdf?
rev=9854fe54a05f4611ad63dda65c2a1f26&hash=52EF867504D7FA8EC9F4CF9F1453090D



Explorer and producer bankruptcies: $177 billion, 2015-2021

https://www.haynesboone.com/-/media/project/haynesboone/haynesboone/pdfs/energy_bankruptcy_reports/oil_patch_bankruptcy_monitor.pdf?
rev=61c2606a5be547598c8d716d1a795c39&hash=97ECA4B149560404B19497FA37CB2B50



Oil Frackers Brace for End of the U.S. Shale Boom 
 
WSJ 
Feb 3, 2020

https://www.wsj.com/articles/fracking-oil-prices-shale-boom-11643824329?mod=hp_lead_pos4

“despite the highest oil 
prices in years”


“pressured companies to 
slow production growth 
and return cash to 
shareholders rather than 
pump it back into 
drilling”



US drilled but uncompleted oil wells

https://doomberg.substack.com/p/shooting-oil-in-a-barrel



Pump, baby, pump.

https://www.wsj.com/articles/fracking-oil-prices-shale-boom-11643824329?mod=hp_lead_pos4

= 885 GW



April 2022 ! Permian Basin permits approved, by week

https://www.axios.com/newsletters/axios-generate-89b0856b-021f-438a-8c23-b0e54d38ca01.html



Gas consumption by region (2020)             4,400 GW total

https://ourworldindata.org/grapher/natural-gas-consumption-by-region



US natural gas prices doubled to $4/MMBTU at end 2021.

https://www.eia.gov/todayinenergy/detail.php?id=50778

$14/MWh(t)



Natural gas is the largest source of energy for US electricity.

https://www.eia.gov/totalenergy/data/monthly/pdf/sec7.pdf https://www.eia.gov/energyexplained/hydropower/

Hydropower was 37% 
of 2020 renewable 
energy

https://www.eia.gov/totalenergy/data/monthly/pdf/sec7.pdf


US pipelines supply natural gas for electricity and heating.

https://doomberg.substack.com/p/have-fun-staying-cold?s=w



Russia dominates 
natural gas 
supplies to Europe.

https://www.nytimes.com/interactive/2022/02/15/business/energy-environment/russia-gas-europe-ukraine.html https://www.eia.gov/energyexplained/hydropower/

https://www.nytimes.com/interactive/2022/02/15/business/energy-environment/russia-gas-europe-ukraine.html


Liquified Natural Gas liquefaction and transport

Sabine Pass, liquefaction train #4

https://pgjonline.com/news/2017/10/sabine-pass-train-4-placed-in-service https://pgjonline.com/news/2017/10/sabine-pass-train-4-placed-in-service

Typical $200 million LNG tankship
LNG liquid at -160°C$2 to 4 billion each



LNG from 
tankship may 
be stored, 
regassified, 
transferred to 
pipelines by 
$500 million 
floating 
storage and 
regasification 
unit (FSRU).

https://www.econnectenergy.com/articles/how-does-regasification-of-lng-work



World LNG energy: 366 Mt/year, 486 GW, 11% total gas

Europe total natural gas 488 GW;135 GW from LNG
1 million tons of LNG ~ 1.17 tons oil equivalent



LNG liquefaction, transport, regasification adds 5 cents/kWh(e)

https://cdn.wartsila.com/docs/default-source/oil-gas-documents/white-paper-o-lng-logistics-chain.pdf?sfvrsn=4

https://cdn.wartsila.com/docs/default-source/oil-gas-documents/white-paper-o-lng-logistics-chain.pdf?sfvrsn=4


Gas turbine, 34% work/heat efficiency: $700/kW capital cost

photo https://www.ge.com/news/reports/ges-new-repair-tech-center-in-singapore-helps-asia-flip-the-switch-to-gas-power         US DOE EIA data

https://www.ge.com/news/reports/ges-new-repair-tech-center-in-singapore-helps-asia-flip-the-switch-to-gas-power


photo https://www.ge.com/news/reports/ges-new-repair-tech-center-in-singapore-helps-asia-flip-the-switch-to-gas-power         US DOE EIA data

CCGT gas + steam turbines, 53% efficiency: $1100/kW
CCGT = Combined Cycle Gas Turbine (combustion + steam)

https://www.ge.com/news/reports/ges-new-repair-tech-center-in-singapore-helps-asia-flip-the-switch-to-gas-power


https://www.greencarcongress.com/2011/05/geflex-20110526.html

CCGT = Combined Cycle Gas Turbine 
(combustion + steam)



https://electrical-engineering-portal.com/an-overview-of-combined-cycle-power-plant

gas turbine 2

gas turbine 1

steam turbine heat recovery 
steam generators

CCGT plant, 53% efficiency: $1100/kW



Latest GE 9HA gas turbine

https://www.ge.com/gas-power/products/gas-turbines/9ha



https://www.youtube.com/watch?v=x1aiMVFT8Bw&t=313s

GE video ad shows 125 years of gas turbine engineering.

https://www.youtube.com/watch?v=x1aiMVFT8Bw


Banning home gas stoves burns more gas.

Power company burns 
    ~ 4.5 kW(t) natural gas 
to generate 2 kW(e) of electricity 
to make 2 kW(t) of heat

Power company distributes 
     2 kW(t) natural gas 
to make 2 kW(t) of heat



Banning home gas stoves burns more gas.

Power company burns 
    ~ 4.5 kW(t) natural gas 
to generate 2 kW(e) of electricity 
to make 2 kW(t) of heat

BUT, fission, wind, or solar power 
would cause no CO2 emissions.


STILL, natural gas is the largest, 
increasing energy source for the 
US grid.


Solar power not available for 
evening meal cooking.


Wind does not speed up when 
you turn the stove on.


Dipatchable power on demand is 
needed.



New York electricity generation: more gas, less uranium

jHerschel Specter mhspecter@verizon.net March, 2022 NYISO God Books. NYISO Fuel Mix 

Indian Point 
power plant 
shut down


three gas 
power plants 
built
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Nations’ GDPs are propotionate to electric power.



3,000 GW global electricity use may grow by 2,600 GW.



Developing nations now build coal-fired power plants. 

Reliable, 24x7, affordable



-------------------   http://endcoal.org/wp-content/uploads/2017/03/BoomBust2017-English-Final.pdf   ----------------------

574 GW of new power plants will be coal fired, 
the economic choice of developing nations.

http://endcoal.org/wp-content/uploads/2017/03/BoomBust2017-English-Final.pdf


building 
574 GW of new 
coal-fired 
power plants 

will add 

+4 Gt CO2/yr

Developing nations



The 2021-2024 future of global coal production: +114 Mt/yr

https://elements.visualcapitalist.com/future-of-global-coal-production-2021-2024/

China 
U.S. 
India 
Russia 
Australia


did not join 
the COP26 
pledge to 
reduce coal 
production.


Why?



Today’s carbon cycle 

(Gt carbon units)


3+9+2 Gt-C = 14 Gt-C 
 
(= 51 Gt-CO2)


red = human effect


t = metric tonne = 
1000 kg = 1 Mg


(Mt ambiguous)


https://en.wikipedia.org/wiki/Carbon_cycle



Today’s carbon cycle (Gt CO2 units)

https://robbieandrew.github.io/GCB2021/ 

https://robbieandrew.github.io/GCB2021/


Annual additions to atmospheric CO2 continue to increase.

https://robbieandrew.github.io/GCB2021/ 

https://robbieandrew.github.io/GCB2021/


Governments have no effect measured CO2 in the air.

https://www.esrl.noaa.gov/gmd/ccgg/trends/



Climate is changing, rapidly. 

www.columbia.edu/~mhs119/Temperature/



Warming has risen out of the range of natural variability.

https://hargraves.s3.amazonaws.com/HansenClimateEdited.pdf



Incoming visible radiation Outgoing infrared radiation

Source: Jim Hansen book draft http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapter31.pdf

http://www.columbia.edu/~jeh1/SophiePlanet/Planet.Chapter31.pdf


Princeton Prof William Happer: more CO2 is ineffectual.

https://arxiv.org/abs/2006.03098

Green zero CO2


Black 400 ppm CO2


Red 800 ppm CO2


Happer: Doubling the 
concentration of CO2 
(from 400 to 800 ppm) 
would cause a forcing 
increase (the area 
between the black and 
red lines) of 2.97 W per 
m2. 


Surface temp 60°F; 
16°F w/o greenhouse 
gases



As CO2 emissions accumulate, temperatures rise: IPCC

CO2 in atmosphere, ppm Temperature rise, °C

Business As Usual: adding 1000 ppm (5000 Gt) will add 4°C

5000 gigatonnes



65 Gt      Business as usual
59 Gt      Cancun policy
56 Gt      Paris pledges

40 Gt      2°C warming

24 Gt      1.5°C warming

Gigatons/year CO2 added to atmosphere

CO2 reductions pledged at Paris are 10X too small.

Source: UN IPCC 2018 
Emissions Gap Report

https://www.ipcc.ch/site/assets/uploads/2018/12/UNEP-1.pdf

https://www.ipcc.ch/site/assets/uploads/2018/12/UNEP-1.pdf


US DOE promotes carbon capture and storage.

https://netl.doe.gov/coal/carbon-storage/faqs/carbon-storage-faqs

CO2 is a supercritical liquid 
1 km underground at 32°C.

Buoyant liquid CO2 may 
be trapped beneath 
geological formations.

CCS demo projects in 
Norway and Canada store 
> 1 Mt-CO2/year.

A 1-GW coal power plant 
emits 6 Mt-CO2/year.

https://netl.doe.gov/coal/carbon-storage/faqs/carbon-storage-faqs


CCS, carbon capture and storage, is not feasible.

Petra Nova CO2 capture at NRG coal plant, Texas, 
killed in 2020. DOE, $195M grantor, still optimistic.
https://www.reuters.com/article/us-usa-energy-carbon-capture-idUSKCN2523K8

$1 billion total

Goal: 33% capture 
from 240 MW boiler

81 mile pipeline to 
oil field to sell CO2 
for injection to push 
up more oil 

Uses 45 MW natural 
gas power, halving 
CO2 savings 

https://www.reuters.com/article/us-usa-energy-carbon-capture-idUSKCN2523K8


Offsets? Planting trees can't absorb enough CO2.

• Mature forests emit as much CO2 as they 
absorb, as trees die and rot or burn.

• New forest growth absorbs 8 tons/hectare 
per year, until maturity @ ~ 100 years.

• Increasing forests by planting 1 billion more 
hectares of trees (2X the Amazon basin) 
would absorb only 8 Gt/year, for ~ 100 years.

• Manmade world CO2 emissions are ~ 50 Gt 
per year. 

Global forests cover  
4 billion hectares.

Add a billion ha more?
https://www.1t.org Davos World Economic Forum

https://www.1t.org


Adaptation can reduce harm from climate change.

More than half of the Netherlands lies beneath sea level.
https://www.earthmagazine.org/article/dutch-masters-netherlands-exports-flood-control-expertise/



https://www.climatepolicyinitiative.org/wp-content/uploads/2021/10/Full-report-Global-Landscape-of-Climate-Finance-2021.pdf

$6 trillion per year on “climate finance”?



Global average electric power = 3,000 GigaWatts

3,125,000 solar panels, if sunny 412 wind turbines, if windy

https://www.energy.gov/eere/articles/how-much-power-1-gigawatt

One fission power plant can supply 1 GW, or so can…



Don’t end reliable, 
cheap power before 
getting a substitute! 

https://www.wyodaily.com/photos/big/11242/12

Vaclav Smil: 

Energy from burning carbon 
is the basis of civilization. 

Economic suicide?
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