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Frontiers	in	Carbon	Neutrality
Power	and	Energy

What is Carbonization ?



Source: NASA 
https://climate.nasa.gov/climate_resources/24/graphic-the-relentless-rise-of-carbon-dioxide/



Source: State of the Planet
https://news.climate.columbia.edu/2021/02/25/carbon-dioxide-cause-global-warming/



Global CO2 Emissions Due to Fossil Fuels in 2021

  Coal  15.3 billion tons
  Nat. Gas 7.5 billion tons
  Oil  10.7 billion tons

Source: IEA Global Energy Review: CO2 Emissions in 2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



Growth	in	Coal	Usage CO2	Emissions	from
Electricity	Production

Coal: 1.0 kg/kWh
Oil:  0.75 kg/kWh
Gas: 0.50 kg/kwh



Impacts of Carbonization 



Source: https://www.bbc.com/news/science-environment-51111176

Temperature rise of 1.5 – 2.0        = Point of No Return



Source: Craig Dearden-Phillips: Don't be a polar bear
https://www.thirdsector.co.uk/craig-dearden-phillips-dont-polar-bear/management/article/1488091



Climate	Change	Hits	
Poor	and	the	Rich	Alike	



Florida,	China	and	Africa



Hurricane Isabel struck the Mid-Atlantic region of USA between Sept. 18-19, 2003.



Flooding	in	Pakistan	–	August	2022

Source: https://www.npr.org/sections/pictureshow/2022/08/30/1119979965/pakistan-floods-monsoon-climate

Source: https://www.nytimes.com/2022/09/07/briefing/climate-change-heat-waves-us-europe.html



China



Hurricane	Sandy	
	New	York,	New	Jersey	2012



https://idsb.tmgrup.com.tr/ly/uploads/images/2022/07/08/217454.jpg

Dry	river	bed	in	Italy	(Po	River)	due	to	worst	
drought	in	70	years,	June	2022

The	Jialing	Riverbed	at	the	confluence	
with	the	Yangtze	River	is	exposed	due	

to	drought	on	August	18,	2022	in	
Chongqing,	China.

https://image.cnbcfm.com/

Droughts	in	2022



July	2021	-	The	Dixie	fire	burned	close	to	a	million	acres	in	
California’s	Lassen	county	over	three	months	and	became	the	
first	fire	to	cross	the	Sierra	Nevada. Photograph:	Noah	Berger/AP

Peaks	glowing	with	thousands	
of	spot	fires	on	June	13,	2022	in	

Flagstaff,	Arizona.
Rob	Schumacher/The	Republic

Wildfires	in	the	US



Wildfires	in	Europe	-	Summer	of	2022	

Southwestern	France,	July	17,	2022 Central	Portugal,	July	13,	2022 Brandenburg,	Germany,	August	2022

Greece,	July	2022 Northern	Spain,	June	2022

“The number of wildfires in 2022 in the EU have nearly quadrupled the 15-year average”
Source: CNN according to Copernicus, EU Earth observation program

Central	Italy,	July	2022

https://www.theatlantic.com/photo/2022/07/photos-wildfires-rage-across-southwestern-europe/670553/
https://storage.googleapis.com/afs-prod/media/4a5e51958b7f4856b8b19d39b3302381/1000.jpeg
https://static.dw.com/image/62600882_401.jpg
https://gdb.voanews.com/01460000-0aff-0242-0259-08da6dc46e1a_cx0_cy10_cw99_w1597_n_r1_st_s.jpg
https://i.guim.co.uk/img/media/f28c0c07037bfff3214be91046007e1607d597df/0_435_7510_4509/master/7510.jpg?width=620&quality=85&dpr=1&s=none
https://www.cnn.com/2022/07/27/europe/wildfires-europe-increase-climate-intl/index.html
https://twitter.com/EugenioGiani/status/1549327111420272643/photo/1


Siberia:	Wildfires	in	June	2020	and	June	2021



2008	China	Snowstorm



Glacier	Comparison	Mer	de	Glace	in	France,	2012



The	Global	Seed	Vault	in	Svalbard,	Norway

Source:  The Guardian, May2017

Entrance to the Svalbard Global Seed Vault (SGSV), on the island 
of Spitsbergen, Norway.HEIKO JUNGE/AFP/GETTY IMAGES

Svalbard Global Seed Vault Protects ...
nationalgeographic.com

https://www.theguardian.com/environment/2017/may/19/arctic-stronghold-of-worlds-seeds-flooded-after-permafrost-melts
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nationalgeographic.com%2Fenvironment%2Farticle%2Fnorway-svalbard-global-seed-vault&psig=AOvVaw0WDsLc4HizI_Br1WkCyYXO&ust=1665166433516000&source=images&cd=vfe&ved=2ahUKEwi1ta6_msz6AhWbEGIAHUSIAM8Qr4kDegUIARDtAQ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nationalgeographic.com%2Fenvironment%2Farticle%2Fnorway-svalbard-global-seed-vault&psig=AOvVaw0WDsLc4HizI_Br1WkCyYXO&ust=1665166433516000&source=images&cd=vfe&ved=2ahUKEwi1ta6_msz6AhWbEGIAHUSIAM8Qr4kDegUIARDtAQ
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Source: https://ourworldindata.org/greenhouse-gas-emissions#annual-
greenhouse-gas-emissions-how-much-do-we-emit-each-yearSource: https://www.c2es.org/content/international-emissions/ Source: UNEP Emissions Gap Report 2020 https://www.unep.org/emissions-gap-report-2020

Global Anthropogenic Greenhouse Gas 
Emissions by Gas 2015, 2016 & 2019



CO2 emissions in selected emerging and advanced economies, 2000-2021 

Source: IEA Global Energy Review: CO2 Emissions in 2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



Source: The New York Times article "Who Has The Most Historical Responsibility for Climate Change?” by By Nadja Popovich and Brad Plumer, Nov. 12, 2021
(https://www.nytimes.com/interactive/2021/11/12/climate/cop26-emissions-compensation.html)

Who Has The Most Historical Responsibility for Climate Change

https://www.nytimes.com/by/nadja-popovich
https://www.nytimes.com/by/brad-plumer


Who Has The Most Historical Responsibility for Climate Change

Source: The New York Times article "Who Has The Most Historical Responsibility for Climate Change?” by By Nadja Popovich and Brad Plumer, Nov. 12, 2021
(https://www.nytimes.com/interactive/2021/11/12/climate/cop26-emissions-compensation.html)

https://www.nytimes.com/by/nadja-popovich
https://www.nytimes.com/by/brad-plumer


• Navigating the tension between industrialized nations and 
emerging economies for global decarbonization efforts 
requires a diverse portfolio of solutions for low-carbon 
generation, storage and demand side management with 
advanced technology focusing on energy efficiency.

• To more efficiently facilitate the global shift towards 
carbon neutrality in the electric power sector, the 
following six areas should be our priority.

27



Reduce Carbon 
Emissions from 
Electricity Production

Reduce Carbon Emissions 

1. Use less electricity, energy efficiency

2. Use low carbon fossil fuel power plants

3. Use H2 & other storage technologies 

4. Promote more renewables 

5. Accept some nuclear

6.  Promote cross-border power transfer



So, What is the 
bottom line?

• Efforts in the electric power sector by 
replacing fossil fuel with renewables and 
nuclear will help
• But if emission from the transportation 

sector continues to rise, the power sector 
contributions will not be enough
• Large scale Electric Vehicle deployment will 

help, but question remains – how will the 
EV be powered



IEEE Climate Change Program

30

https://climate-change.ieee.org

email:	ccircc@ieee.org



IEEE: Enabling Innovation and Technology Solutions

climate-change.ieee.org31
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IEEE Climate Change Collection
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Ecosystem for 
IEEE’s Climate 
Sustainability

Work



Climate	Change	Pavilion	at	SC2023
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Follow the President’s channels and stay abreast of climate change information

There are four social media channels for the IEEE President:
https://www.facebook.com/ieeepresident

https://www.instagram.com/ieeepresident/

https://www.linkedin.com/showcase/ieeepresident

https://twitter.com/ieeepresident

2022	IEEE	President	and	CEO	Social	Media	Channels	

35

https://www.facebook.com/ieeepresident
https://www.instagram.com/ieeepresident/
https://www.linkedin.com/showcase/ieeepresident
https://twitter.com/ieeepresident


climate-change.ieee.org36

Thank You

www.srahman.org


