


https://www.ipcc.ch/report/ar6/wg1/downlo
ads/report/IPCC_AR6_WGI_SPM.pdf

• Atmospheric CO2 concentrations are higher than at any time in at least 2 million 

years.

• Atmospheric concentrations of CH4 and N2O are higher than at any time in at least 

800,000 years.

• Since 1750, increases in CO2 (55%) and CH4 (156%) concentrations far exceed the 

natural multi-millennial changes between glacial and interglacial periods over at 

least the past 800,000 years.

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf


Bad Catastrophic
(Eemian) (PETM)

How screwed are we?

Not good
(Now)



http://berkeleyearth.org/global-
temperature-report-for-2021/

http://berkeleyearth.org/global-temperature-report-for-2021/


What is meant by 1.5 °C and 2.0°C?

http://berkeleyearth.org/global-
temperature-report-for-2021/

http://berkeleyearth.org/global-temperature-report-for-2021/


Greenhouse gasses from Fourier to Keeling to Vostok





Global emissions from fossil fuel combustion 1900-2021 (Gt CO2)

Global Energy Review: CO2 Emissions in 2021 – March 8, 2022 -
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



Greta Thunberg









https://www.nasa.gov/feature/langley/what-is-earth-s-
energy-budget-five-questions-with-a-guy-who-knows

https://www.nasa.gov/feature/langley/what-is-earth-s-energy-budget-five-questions-with-a-guy-who-knows


The greenhouse effect is the process by which radiation from a planet's 
atmosphere warms the planet's surface to a temperature above what it would be 
without the presence of “Greenhouse” heat-trapping gasses in its atmosphere.



Who figured this out?



1824:  Joseph Fourier

• Proposed that Earth’s atmosphere retains heat that 
would otherwise be emitted back into space



1827: Claude Pouillet

• Developed the first mathematical treatment 
of the greenhouse effect

• Speculated that water vapor and carbon 
dioxide might trap heat in the atmosphere



1856:  Eunice Newton Foote

• First to show in experiments and put in print that if carbon 
dioxide levels were higher, the planet would be warmer



1859:  John Tyndall

• Showed the ability of gases like water vapor, carbon dioxide, ozone 
and hydrocarbons to absorb and re-emit heat



1896:  Svante Arrhenius

• First to use basic principles of physical chemistry to calculate how 
increases in CO2 will increase Earth's surface temperature

• Concluded that human-caused CO2 emissions, from fossil-fuel burning and 
other combustion processes, are large enough to cause global warming



1824 ~ 1896



1958:  Keeling



















1992:  Rio
1997:  Kyoto
2009:  Copenhagen
2015:  Paris



Take-aways regarding the Keeling Curve:

1. We know the concentration of CO2 in the atmosphere.
2. We have an accurate, continuous record of CO2 in the atmosphere.
3. We know the rate of change of CO2 in the atmosphere.
4. We can observe that the rate of change is increasing.
5. We can observe that about half of emissions stay in the atmosphere.











Paleoclimatology in Antarctica and on Greenland



Where is all the CO2  coming from?



CH4 + 2O2 → 2H2O + CO2

C8H18 + 12.5O2 → 9H2O + 8CO2



Keelingcurve.ucsd





https://www.globalchange.gov/browse/indicators/annual-greenhouse-gas-index

https://www.globalchange.gov/browse/indicators/annual-greenhouse-gas-index






This is the Earth cooling down



This is the Earth warming up



Two questions



Q1:  Why does Earth’s climate have these long cycles?



Milutin Milanković

Q1:  Why does Earth’s climate have these long cycles?

A:  The Milankovitch Cycles



100,000 year cycle in 
eccentricity of Earth’s 
orbit



100,000 year cycle in 
eccentricity of Earth’s 
orbit

41,000 year cycle in 
Earth’s obliquity (change 
in axial tilt)



100,000 year cycle in 
eccentricity of Earth’s 
orbit

41,000 year cycle in 
Earth’s obliquity (change 
in axial tilt)

26,000 year cycle in 
Earth’s axial precession



100,000 year cycle in 
eccentricity of Earth’s 
orbit

41,000 year cycle in 
Earth’s obliquity (change 
in axial tilt)

26,000 year cycle in 
Earth’s axial precession
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100,000 year cycle in 
eccentricity of Earth’s 
orbit

41,000 year cycle in 
Earth’s obliquity (change 
in axial tilt)

26,000 year cycle in 
Earth’s axial precession

= Approximately 100,000 year cycle in Earth’s climate

…plus two other astronomical cycles…









Q2:  Why do global temperatures and CO2 track each other?



Q2:  Why do global temperatures and CO2 track each other?

A:  

• When the Earth warms up, the oceans give off CO2

• When the Earth cools down, the oceans hold more CO2





https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-
dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138

https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138


https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-
dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138

https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138


https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-
dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138

280 PPM

https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138


https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-
dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138

https://www.researchgate.net/figure/Vostok-ice-core-records-for-carbon-dioxide-concentration-and-temperature-change-CO2-lags_fig2_340835138
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Summary so far…



• Until about 1940, Earth had been in an Ice Age for 2 million years 
with alternating glacial expansions and glacial retreats.  
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• As a result of the Milankovich Cycles, atmospheric CO2 during those 2 
million years varied in a systematic way between a minimum of 180 
PPM (cold) and a maximum of 280 PPM (warm).



• Atmospheric CO2 since the Industrial Revolution has risen from 280 
PPM to 420 PPM, about 50%, almost entirely in the past 80 years.
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• Atmospheric CO2 since the Industrial Revolution has risen from 280 
PPM to 420 PPM, about 50%, almost entirely in the past 80 years.

• The Earth’s climate since 1940 has been racing to catch up to a new 
global equilibrium temperature that will be 2 – 8 degrees C warmer 
than it is now.

• Some places on Earth will be even warmer than that, and some will 
be a little cooler than that.



• We have completely understood this since the 1980s.



“Until about 1940, Earth had been in an Ice Age for 2 million years with 
alternating glacial expansions and glacial retreats.  Those cycles in the 
Earth’s climate were driven entirely by the Milankovich Cycles.  As a 
result of the Milankovich Cycles, atmospheric CO2 during those 2 million 
years varied in a systematic way between a minimum of 180 PPM (cold) 
and a maximum of 280 PPM (warm).

Atmospheric CO2 since the Industrial Revolution has risen from 280 PPM 
to 420 PPM, about 50%, almost entirely in the past 80 years.  The 
Earth’s climate since 1940 has been racing to catch up to a new global 
equilibrium temperature that will be 2 – 8 degrees C warmer than it is 
now.  Some places on Earth will be even warmer than that, and some 
will be a little cooler than that.  We have completely understood this 
since the 1980s.”



https://www.eia.gov/todayinenergy/detail.php?id=52380

https://www.eia.gov/todayinenergy/detail.php?id=52380


https://www.epa.gov/climate-indicators/climate-change-
indicators-us-greenhouse-gas-emissions

US annual GHG emissions (CO2e)

https://www.epa.gov/climate-indicators/climate-change-indicators-us-greenhouse-gas-emissions


https://www.epa.gov/climate-indicators/climate-change-
indicators-global-greenhouse-gas-emissions

Global annual GHG emissions (CO2e)
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https://www.epa.gov/climate-indicators/climate-change-
indicators-global-greenhouse-gas-emissions

Global annual GHG emissions (CO2e)

https://www.epa.gov/climate-indicators/climate-change-indicators-global-greenhouse-gas-emissions


Trees can help – how many do I need?



Nature Climate Change January 21, 2021 - https://www.nature.com/articles/s41558-020-00976-6

2001 – 2019:  Forests were a net carbon sink of −7.6 ± 49 GtCO2e/yr, reflecting a balance between 
gross carbon removals (−15.6 ± 49 GtCO2e/yr) and gross emissions from deforestation and other 
disturbances (8.1 ± 2.5 GtCO2e/yr).

https://www.nature.com/articles/s41558-020-00976-6


About those other GHGs…



https://www.esrl.noaa.gov/gmd/aggi/aggi.html

https://www.esrl.noaa.gov/gmd/aggi/aggi.html
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https://www.esrl.noaa.gov/gmd/aggi/aggi.html

https://www.esrl.noaa.gov/gmd/aggi/aggi.html


https://www.epa.gov/ghgemission
s/overview-greenhouse-gases

https://www.epa.gov/ghgemissions/overview-greenhouse-gases


“To give you a sense of scale, all the cows on the planet are generating emissions 
roughly on par with the United States.”

-- Kimberly Henderson, McKinsey

https://www.mckinsey.com/capabilities/sustainability/our-
insights/climate-math-what-it-takes-to-limit-warming-to-1-point-5-
degrees-c

https://www.mckinsey.com/capabilities/sustainability/our-insights/climate-math-what-it-takes-to-limit-warming-to-1-point-5-degrees-c


https://www.beefboard.org/2019/09/19/is-beef-to-blame-for-climate-change/

https://www.beefboard.org/2019/09/19/is-beef-to-blame-for-climate-change/


https://www.esrl.noaa.gov/gmd/aggi/aggi.html

https://www.esrl.noaa.gov/gmd/aggi/aggi.html


https://www.globalcarbonproject.org/nitrousoxidebudget/

https://www.globalcarbonproject.org/nitrousoxidebudget/


https://www.epa.gov/ghgemissions/over
view-greenhouse-gases#nitrous-oxide

https://www.epa.gov/ghgemissions/overview-greenhouse-gases#nitrous-oxide


Fossil Carbon vs. Modern Carbon
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this carbon and then releasing it into the atmosphere results in a 
net increase in GHG.



Fossil Carbon vs. Modern Carbon

Fossil Carbon = carbon that is in the ground that as a result of 
human activity will wind up in the atmosphere.  Making use of 
this carbon and then releasing it into the atmosphere results in a 
net increase in GHG.

Modern Carbon = carbon already in the atmosphere.  Making use 
of this carbon and then re-releasing it into the atmosphere results 
in no net change in GHG.



Fossil carbon

Take a carbon-based material 
out of the ground…

…and convert it into a GHG which is 
released into the atmosphere.



C8H18

CO2Fossil carbon



Fossil carbon



Fossil carbon



Fossil carbon



Fossil carbon

CaCO3 → CaO + CO2



Fossil carbon

Take a carbon-based material 
out of the ground…

…and convert it into a GHG which is 
released into the atmosphere.



Modern carbon

Take CO2 out of the air… …then use it in some way and re-release it 
back into the atmosphere.



Modern carbon



Modern carbon



Modern carbon



Modern carbon



Modern carbon



Modern Carbon – a special case…

CO2 eventually…                    CO2
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Modern Carbon – a special case…

CO2 eventually…                    CO2

https://www.sciencedirect.com/science/artic
le/abs/pii/S0960852417314529

Biochar is created by pyrolysis, not combustion

• <500 °C biomass transformed to a 3D network of benzene rings with abundant functional groups
• 500–700 °C it is converted to 2D structure of fused rings
• >700 °C it converts to a graphite microcrystalline structure with few functional groups

https://biochar.international/guides/propert
ies-fresh-aged-biochar/

https://www.sciencedirect.com/science/article/abs/pii/S0960852417314529
https://biochar.international/guides/properties-fresh-aged-biochar/


Modern Carbon – a special case…

CO2 eventually…                    CO2

https://www.sciencedirect.com/science/artic
le/abs/pii/S0960852417314529

https://biochar.international/guides/propert
ies-fresh-aged-biochar/

• The persistence or longevity of the carbon in biochar 
can be approximately indicated by the ratio of 
hydrogen to organic carbon (H/Corg)

• With H/Corg ratio of 0.7, approximately 65% of the 
carbon in the biochar will remain after 100 years

• With H/Corg ratio of 0.4, 80% of the carbon will 
remain after 100 years

• EBC (European Biochar Certificate) sets 0.7 as the 
maximum H/Corg ratio for a carbonized product to be 
considered as biochar

https://www.sciencedirect.com/science/article/abs/pii/S0960852417314529
https://biochar.international/guides/properties-fresh-aged-biochar/


Modern Carbon – another special case…

CO2 CH4



Modern Carbon – another special case…

CO2 CH4



https://www.wsj.com/articles/in-clampdown-on-u-s-
methane-emissions-belching-cattle-get-a-pass-11644661801

WSJ:  Livestock is a major source of greenhouse gas, but agriculture doesn’t get the same tough 
treatment as the energy industry

https://www.wsj.com/articles/in-clampdown-on-u-s-methane-emissions-belching-cattle-get-a-pass-11644661801
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Fossil Carbon vs. Modern Carbon

Fossil Carbon = carbon that is in the ground that as a result of 
human activity will wind up in the atmosphere.  Making use of 
this carbon and then releasing it into the atmosphere results in a 
net increase in GHG.

Modern Carbon = carbon already in the atmosphere.  Making use 
of this carbon and then re-releasing it into the atmosphere results 
in no net change in GHG.



Scope 1:  Direct GHG emissions

• Fossil fuel combustion in boilers and company vehicles

https://en.wikipedia.org/wiki/Carbon_acc
ounting

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


Scope 2:  Indirect GHG emissions

• Purchased electricity, heat, cooling or steam

https://en.wikipedia.org/wiki/Carbon_acc
ounting

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


https://en.wikipedia.org/wiki/Carbon_acc
ounting

Scope 3:  Other indirect GHG emissions (may be 90% of a company’s 

emissions)

• Production of purchased materials, services and fuels

• Use of non-company vehicles

• Electricity transmission distribution losses

• Business travel including employee commuting

• Outsourced activities

• Supply chain activities and waste disposal

• Amortization of capital goods and leased assets

• Product use and end-of-life

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


Understanding Carbon Offsets

“Offsets seek to compensate for greenhouse gas emissions in one place 
by funding emissions reductions or carbon removal somewhere else.”

https://www.nytimes.com/2022/05/18/climate/
offset-carbon-footprint-air-travel.html

https://www.nytimes.com/2022/05/18/climate/offset-carbon-footprint-air-travel.html


https://tred.earth/

https://tred.earth/
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https://tred.earth/

https://tred.earth/


Carbon offset credits are issued by projects that aim to reduce climate impact in 
various ways, such as preventing deforestation or installing solar panels.

Each credit represents a claim by the project that its work will either:

(a) Remove a metric ton of carbon dioxide from the atmosphere or 

(b) Prevent a metric ton of emissions.



Voluntary carbon offsets are credits that you purchase from another company 
to pay for “offsetting” your actual emissions by either:

• Capturing CO2 from the air and storing it for a while, typically in a forest

-or-

• Avoiding emissions, say by preventing deforestation or the use of fossil fuels

--------------------------------------------------------------------------------------

The problem is the same with both approaches:  Provability.

• Proof that the project really happened – This is possible.
• Proof that the project really worked as intended – This may be impossible.
• Proof that the effect of the project is permanent – This is infeasible.



If you read only one article on offsets, make it this:

Do Climate Offsets Really Work?

“The biggest problems are related to something called additionality:

A carbon offset needs to fund reductions that wouldn’t have happened otherwise. If you 
pay someone to preserve a forest, but they were never actually planning to cut it down, 
then you’re not offsetting your emissions.

Part of the appeal of carbon offsets is the notion that it’s possible to meaningfully 
combat climate change while living our lives and structuring our society in the same way 
we always have. For that reason, some experts see carbon offsets as actively damaging, 
inasmuch as they give people cover to avoid reducing emissions at the source.”

May 18, 2022 – NYT - https://www.nytimes.com/2022/05/18/climate/offset-carbon-
footprint-air-travel.html

https://www.nytimes.com/2022/05/18/climate/offset-carbon-footprint-air-travel.html
https://www.nytimes.com/2022/05/18/climate/offset-carbon-footprint-air-travel.html


Or this one:

Systematic over-crediting in California's forest carbon offsets program

California’s forest carbon offsets program is likely to have overstated its total emission 
reductions by more than 80 percent.

“Rather than improve forest management to store additional carbon, California's forest 
offsets program creates incentives to generate offset credits that do not reflect real 
climate benefits.”

October 20, 2021 – Wiley
https://onlinelibrary.wiley.com/doi/10.1111
/gcb.15943

https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943


Or this one:

Why Carbon Credits For Forest Preservation May Be Worse Than Nothing

May 22, 2019 – Propublica - https://features.propublica.org/brazil-
carbon-offsets/inconvenient-truth-carbon-credits-dont-work-
deforestation-redd-acre-cambodia/

https://features.propublica.org/brazil-carbon-offsets/inconvenient-truth-carbon-credits-dont-work-deforestation-redd-acre-cambodia/
https://features.propublica.org/brazil-carbon-offsets/inconvenient-truth-carbon-credits-dont-work-deforestation-redd-acre-cambodia/


All of these problems have been understood for years, and are ongoing.

https://www.bloomberg.com/news/featur
es/2022-04-28/public-forests-enter-the-
carbon-offset-market

https://www.nature.com/articles/climate.2007.58

https://www.bloomberg.com/news/features/2022-04-28/public-forests-enter-the-carbon-offset-market
https://www.nature.com/articles/climate.2007.58


Engineered solutions Nature-based solutions

https://climeworks.com/roadmap/orca

https://climeworks.com/roadmap/orca


September 18, 2020 - https://grist.org/climate/this-
oregon-forest-was-supposed-to-store-carbon-for-100-
years-now-its-on-fire/

https://grist.org/climate/this-oregon-forest-was-supposed-to-store-carbon-for-100-years-now-its-on-fire/


“In the United States Southwest, for example, research suggests that, in the event 

of wildfires, up to 30 percent of forestland might never grow back because global 

warming favors shrubs or grasslands in their ranges. Joshua trees appear likely to 

lose all of their habitat in their namesake national park by the end of the 

century.”

https://cnas.ucr.edu/media/2020/12/18/j
oshua-tree-national-park-more-popular-
ever-its-namesake-trees-are-facing

https://esajournals.onlinelibrary.wiley.com/
doi/full/10.1002/ecs2.2651

https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.2651
https://cnas.ucr.edu/media/2020/12/18/joshua-tree-national-park-more-popular-ever-its-namesake-trees-are-facing
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.2651


https://charmindustrial.com/

https://grist.org/climate-energy/lucky-charm/

https://charmindustrial.com/
https://grist.org/climate-energy/lucky-charm/


https://www.washingtonpost.com/climate-
solutions/2020/09/23/climate-curious-advice/

The world cannot offset its way to carbon neutrality.
All emissions will need to be eliminated eventually.

-- Washington Post, September 23, 2020

https://www.washingtonpost.com/climate-solutions/2020/09/23/climate-curious-advice/


https://www.washingtonpost.com/climate-
solutions/2020/09/23/climate-curious-advice/

Critics of carbon offsets argue:

1. Offsets simply allow the wealthy, who often burn the most fossil fuel, to pay 
their way out of the climate problem without altering their practices.

2. Meanwhile, those who live at the site of the offset project — often farmers in 
developing countries — are left with the difficult task of enacting change.

3. If purchasing offsets is cheaper than reducing emissions, business won’t have 
an incentive to develop greener practices.

The world cannot offset its way to carbon neutrality.
All emissions will need to be eliminated eventually.

-- Washington Post, September 23, 2020

https://www.washingtonpost.com/climate-solutions/2020/09/23/climate-curious-advice/


Understanding Greenwashing



A company can improve its climate impact by either (a) Reducing its Scope 1, 2 
and 3 GHG emissions, or (b) Pulling CO2 from the atmosphere and permanently 
storing it underground (geological sequestration). 

If your company is taking action that you claim is addressing the problem of 
Climate Change, and those actions do not actually address the accumulation of 
CO2 (or other GHG) in the atmosphere, then what you are doing is 
inconsequential regarding climate.

A company that is claiming greater impact than it is in fact accomplishing is 
engaging in Greenwashing, no matter how well-intended their work.



https://aetherdiamonds.com/

https://aetherdiamonds.com/


https://aetherdiamonds.com/

https://aetherdiamonds.com/


Here is what they do:  

1. Capture a trivial amount of CO2, a few grams, from the atmosphere.
2. Use a synthetic diamond manufacturing process that has been around since the 1950s to 

create diamonds of good enough quality to sell as jewelry.
3. When someone buys a 1 carat diamond (0.2 gram of carbon) for $6,000 or more, they buy a 

20 ton offset for $12/ton, which costs them $240 or less
4. You paid for the offsets when you bought the diamond from them.  
5. The offset in turn almost certainly does nothing for climate change.

https://aetherdiamonds.com/

https://en.wikipedia.org/wiki/Synthetic_diamond
https://www.cooleffect.org/
https://aetherdiamonds.com/


https://aetherdiamonds.com/
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• Confused:  Does the company seem confused about what is needed to address climate?

• Obfuscation:  Is the company using Red Herrings to draw attention away from how little they are 
doing for the climate?

• Pseudoscience: Does the company use terms that are unfamiliar to the public, or worse, do not 
have meaning at all (e.g., “Climate Neutral”)?

• Intentionally misleading:  Does it seem that the company is knowingly being misleading in their 
claims – i.e., not WIG?

• Fraud:  Does the company go so far as to cross a line by making a claim that cannot be proven to be 
true?

• Good capitalism:  For example when a company changes to LEDs and calls it out as “good for the 
climate”, which it likely is, but is a change they would have done regardless because it saves money.

• Performative:  When a company does something that seems significant, but is not, as in Starbucks 
eliminating plastic straws for the climate. (Though eliminating one-time-use plastics is a good idea 
for other reasons.)



https://liveandletsfly.com/united-airlines-sustainable-
aviation-fuel/

https://liveandletsfly.com/united-airlines-sustainable-aviation-fuel/






https://www.prnewswire.com/news-releases/united-to-become-first-in-aviation-
history-to-fly-aircraft-full-of-passengers-using-100-sustainable-fuel-301435009.html

First passenger flight using 100% 
drop-in sustainable aviation fuel

https://www.prnewswire.com/news-releases/united-to-become-first-in-aviation-history-to-fly-aircraft-full-of-passengers-using-100-sustainable-fuel-301435009.html


https://www.ge.com/news/reports/united-flies-
worlds-first-passenger-flight-on-100-sustainable-
aviation-fuel-supplying-one

https://www.energy.gov/energysaver/artic
les/united-airlines-first-passenger-flight-
using-100-sustainable-aviation-fuel

https://www.ge.com/news/reports/united-flies-worlds-first-passenger-flight-on-100-sustainable-aviation-fuel-supplying-one
https://www.energy.gov/energysaver/articles/united-airlines-first-passenger-flight-using-100-sustainable-aviation-fuel


• World Energy, the world's first commercial SAF producer, uses sugar 
from corn, beets and sugarcane to make synthetic jet fuel.

• World Energy plans to expand the plant's production from the current 
35 million gal/year of SAF to 275 million gal/year in 2022.  

• In 2019, United Airlines used 4.3 billion gallons of jet fuel

• Globally SAF makes up less than 0.1% of aviation fuel and it costs about 
three to four times more than conventional fuel.

https://www.spglobal.com/commodity-insights/en/market-
insights/latest-news/agriculture/120121-united-airlines-launches-first-
commercial-flight-with-100-saf

https://www.theguardian.com/environment/2021
/dec/29/united-airlines-sustainable-green-flying-
experts

https://www.spglobal.com/commodity-insights/en/market-insights/latest-news/agriculture/120121-united-airlines-launches-first-commercial-flight-with-100-saf
https://www.theguardian.com/environment/2021/dec/29/united-airlines-sustainable-green-flying-experts


https://www.theguardian.com/environment/2021
/dec/29/united-airlines-sustainable-green-flying-
experts

“Billed by the airline as the world’s first fully-loaded passenger flight 

to run on 100% sustainable aviation fuel (SAF), it was United’s latest 

attempt to demonstrate its climate credentials.

But to critics, it was another attempt to make sustainable aviation 

seem a lot closer than it is in reality and give the impression people 

can fly guilt-free. The global supply of SAF remains very limited and 

there are big obstacles to scaling it up.”

https://www.theguardian.com/environment/2021/dec/29/united-airlines-sustainable-green-flying-experts
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