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For millennia, atmospheric carbon dioxide had never been above this line
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Source: NASA
https://climate.nasa.gov/climate _resources/24/graphic-the-relentless-rise-of-carbon-dioxide/



CO, in the atmosphere and annual emissions (1750-2019)
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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: |[EA Global Energy Review: CO2 Emissions in 2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2



Global Greenhouse Gas Emissions
by Economic Sector

Global Greenhouse Gas Emissions by Gas
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Source: |IPCC (2014)

https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data



https://www.ipcc.ch/report/ar5/wg3/

Overview of U.S. Greenhouse Gas Sources of U.S. Greenhouse Gas

Emissions in 2020 Emissions in 2020

Fluorinated Agriculture

Nitrous Oxide / Gases 11%

7%

3% \

Commercial &

Residential
Methane 13%

11% Transportation

27%

Carbon Dioxide
79%

Industry Electric Power
24% 25%

Note: All emission estimates from the /nventory of U.S. Greenhouse GGas Emissions and Sinks: 1990-2020

https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks


https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks




Temperature rise since 1850

Global mean temperature change from pre-industrial levels, °C
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Source: https://www.bbc.com/news/science-environment-51111176

Temperature rise of 1.5 - 2.0 °C = 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
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Hurricane Isabel struck the Mid-Atlantic region of USA between Sept. 18-19, 2003.



Flooding in Pakistan - August 2022
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Source: https://www.nytimes.com/2022/09/07/briefing/climate-change-heat-waves-us-europe.html
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Hurricane Sandy
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Droughts in 2022

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

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

The Jialing Riverbed at the confluence
with the Yangtze River is exposed due
to drought on August 18, 2022 in
Chongqging, China.

https://image.cnbcfm.com



Wildfires in the US

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.
Schumacher/The Republic




Wildfires in Europe - Summer of 2022

Central Portugal, July 13, 2022 Brandenburg, Germany, August 2022

Greece, July 2022 Northern Spain, June 2022 Central Italy, July 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



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

The Greenpeace Russia team has documented forest fires in the Krasnoyarsk region. In this June 16, 2021 photo, firefighters work at the scene of forest fire near Andreyevsky village outside Tyumen, western Siberia, Russia. -

JULIA PETRENKO / GREENPEACE Copyright AP Photo/Maksim Slutsky, File



2008 China Snowstorm
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Glacier Comparison Mer de Glace in France, 2012
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The Global Seed Vault in Svalbard, Norway

Arctic stronghold of world’s seeds
flooded after permafrost melts

No seeds were lost but the ability of the rock vault to provide 3 M\%
failsafe protection against all disasters is now threatened by Eeea———
climate change ‘n f

Entrance to the SQaIbérd Global Seerd Vault (SGSV), on the island \
of Spitsbergen, Norway.HEIKO JUNGE/AFP/GETTY IMAGES Svglllazg
5 Seed Vault Spitsbergen
GREENLAND n e
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O The Svalbard 'doomsday’ seed vault was built to protect millions of food crops from climate
change, wars and natural disasters. Photograph: John Mcconnico/AP

Source: The Guardian, May2017

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/imgres?imgurl=https%3A%2F%2Fi.natgeofe.com%2Fn%2Fe0a57861-aa6c-4a1f-a42e-8699b6d06467%2F04-svalbard-seed-vault.jpg&imgrefurl=https%3A%2F%2Fwww.nationalgeographic.com%2Fenvironment%2Farticle%2Fnorway-svalbard-global-seed-vault&tbnid=WJRUD0E_doU6IM&vet=12ahUKEwi1ta6_msz6AhWbEGIAHUSIAM8QMygDegUIARDsAQ..i&docid=iwZTC8_jaKZ-SM&w=3072&h=2045&q=Svalbard%20Global%20Seed%20Vault&hl=en&ved=2ahUKEwi1ta6_msz6AhWbEGIAHUSIAM8QMygDegUIARDsAQ
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

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

Fluorinated Gases include: HFC. PFC and SF6

Methane

16%

GLOBAL MANMADE GREENHOUSE GAS

Nitrous EMISSIONS 2015
Oxide Fluorinated Gases
6% 2%

Carbon Dioxide
76%

GLOBAL MANMADE GREENHOUSE GAS
EMISSIONS 2016

Fluorinated Gases
2%

Nitrous Oxide
6%
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17%
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Dioxide
75%

GLOBAL MANMADE GREENHOUSE GAS
EMISSIONS 2019

Nitrous
Oxide Fluorinated Gases
5% 3%

Methane
17%
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Source: https://www.c2es.org/content/international-emissions/

Source: https://ourworldindata.org/greenhouse-gas-emissions#annual-

Source: UNEP Emissions Gap Report 2020 https://www.unep.org/emissions-gap-report-2020

greenhouse-gas-emissions-how-much-do-we-emit-each-year




Gt CO2

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

Emerging economies Advanced economies

2000 2005 2010 2015 2021 2000 2005 2010 2015 2021

e China India - | Jnited States

European Union Japan

IEA. All rights reserved.

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



Who Has The Most Historical Responsibility for Climate Change

23 rich, developed countries are responsible More than 150 countries are
for half of all historical CO, emissions. responsible for the other hallf.

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

Who Has The Most Historical Responsibility for Climate Change

Rich countries, including the United States, Canada, Japan and
much of western Europe, account for just 12 percent of the global
population today but are responsible for 50 percent of all the
planet-warming greenhouse gases released from fossil fuels and
industry over the past 170 years.

Rich countries All ot_hers

Population 12% 88%

Historical CO,

emissions 50% 48%

Internationél
transport

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
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* 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
renewable energy adoption, the following six areas should
be our priority.

29



Reduce Carbon

Emissions from Reduce Carbon Emissions
Electricity Production

1. Use less electricity, energy efficiency

2. Use low carbon fossil fuel power plants

3. Use H2 & other storage technologies

4. Promote more renewables
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5. Accept some nuclear
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Customers Controlling
Buildings Optimized for
Savings

Measured energy savings across deployments
20% HVAC Energy Savings

25% Lighting Energy Savings

Occupant satisfaction: spaces controlled by a building —

automation systems are more comfortable due to more =
consistent temperature profiles and healthier air quality :
through consistent monitoring of environmental factors

(CO2 levels, PM 2.5).




Energy Efficiency Applications

Consider light bulbs

32

Provide more energy efficient applications
and tools globally

The amount of electricity required to run
an LED light bulb is less than 15% of what is
needed to run an incandescent light bulb
producing the same amount of light

Providing developing nations with
lightbulbs that are more energy efficient
can ensure that energy consumption and
carbon emissions are being reduced
requiring lesser investments in power
generation, transmission & distribution
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Highly Efficient Fossil-fuel Power Plants

Carbon Capture and Storage

* Combined Cycle Gas/Steam Power Plant
» Ultra-supercritical steam power plant
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Simplified layout of a 1000 MW coal-fired ultra-supercritical power plant

Turbine
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o fan l l l
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HP feed water Feed pump DCRerator  LP feed water
heater heater

Source: https://www.researchgate.net/publication/343169041 An_Efficient_Robust_Predictive_Control_of Main_Steam_Temperature_of_Coal-Fired_Power_ Plant



Eemshaven ultra-supercritical steam power plant, The Netherlands

Power Plant: Two units rated 800MW each
Efficiency: 46.2%

Temp: 609 deg C

Steam Turbine: Siemens SST5-6000

Built: 2014



Carbon Capture & Storage Systems (CCS)

* (Can help ensure that emissions
created during the energy
generation phase will not be
emitted into the atmosphere

* These technologies have the
potential to significantly reduce
carbon emissions in energy
systems across the board

37
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Renewable Energy Integration

Build more strategically from the start

Focus on where energy is needed most, via three
core components:

— Energy generation
— Transmission

— Distribution




Total Installed Renewable Energy
Capacity Top Ten Countries (2018)

Renewable Energy Technologies
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Hydrogen and Storage Solutions

Optimize renewable energy solutions being integrated into energy grids

Low-carbon hydrogen will help emerging
economies to meet climate goals in and of

itself
— Provide for diverse energy portfolios

— Improving resilience
— Lowering costs

Storage solutions serve as optimizers for
other renewable energy solutions

— Ensure that electricity generated during
off-peak hours does not go to waste

40



Cross-Border Energy Transfer

We all are impacted by climate change

* As we are in this fight together, our
solutions should be collaborative to

secure better outcomes for all countries,
regardless of location

* The International Energy Agency (IEA)
has identified three main modes of cross-
border energy integration:

— Bilateral

— Multilatera

— Unified
41
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Advanced Nuclear Technologies

Diverse solutions to address climate change

Advanced nuclear technologies, such as small
modular reactors (SMRs), can play a role

— Smaller and can be built more quickly than
more traditional nuclear reactors

Ramping up the development of SMRs
can help to produce energy when and

where needed
This energy could be integrated into existing
power grids

— helping to provide improved resiliency
while simultaneously reducing emissions
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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 wiill
help, but question remains — how will the
EV be powered
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TECHNICAL
Solutions

[EEE Climate Change Website

https://ieeeclimatechange.org

Climate

C a nge Resources from IEEE  Climate Change in the News  Contact

IEEE: Enabling Innovation and Technology Solutions

BUILDING CLIMATE CHANGE

Technical Community Mitigation

Email: ccircc@ieee.org
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IEEE Climate Change Collection

IEEE.org | |EEE Xplore Digital Library | I|EEE Standards | I|EEE Spectrum | More Sites

Climate

C a nge Resources from IEEE Climate Change in the News Contact

IEEE: Enabling Innovation and Technology Solutions

RESOURCES FROM IEEE

n Am

As the world's largest organization of technical professionals, IEEE has both the opportunity and the responsibility

to assist in organizing the response of engineers, scientists, and technical professionals across the world to address
the causes, mitigate the impact, and adapt to climate change.

IEEE's scholarly publications, conference proceedings, technical standards, and other materials help foster the
exchange of technical knowledge and information for the critical climate issues that our planet faces today.

View the IEEE Climate Change Collection in IEEE Xplore®



THANK
YOU!

Prof. Saifur Rahman

www.srahman.org


mailto:s.rahman@ieee.org

