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What is Carbonization
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For millennia, atmospheric carbon dioxide had never been above this line

climate.nasa.gov

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)

420 - F 40

400 - - 35
§ o
Z 380 30 f
g 3
w360 - - 25 @
£ §
-4 2
! 340 20 —g..
2 5
2 320 - 15 a
g; o
g 300 - - 10 %

-
o
280 - | 5
260 T T T T T T 0
1750 1780 1810 1840 1870 1900 1930 1960 1990 2020

year NOAA Climate.gov
Data: NOAA, ETHZ, Our World in Data

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
Qil 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



Global Greenhouse Gas Emissions by Gas
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Overview of U.S. Greenhouse Gas Sources of U.S. Greenhouse Gas

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

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



Flooding in Pakistan

Source: AP




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

Fluorinated Gases include: HFC. PFC and SF6
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CO2 emissions in selected emerging and advanced economies, 2000-2021
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Source: IEA Global Energy Review: CO2 Emissions in 2021
https://www.iea.org/reports/global-energy-review-co2-emissions-in-2021-2
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CO2 emissions from electricity and heat production by fuel, and share by fuel, 2000-2021
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Emissions from road transport cause the largest share of the global 2020 decrease

Effect of COVID-19
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U.S. energy consumption by source, 2021
total = 97.33 quadrillion British thermal units
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32% petroleum

36%

nonfossil
21%

U.S. energy-related carbon dioxide
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Note: nonfossil is nuclear and renewable energy.

https://www.eia.gov/energyexplained/energy-and-the-environment/where-greenhouse-gases-come-from.php




U.S. CO, emissions from energy consumption by source and sector, 2021
billion metric tons (Bmt) of carbon dioxide (CO,)
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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 half.

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

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,
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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)
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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.



A portfolio of technology solns ¢y . |
A= /{9\ .

e Use less electricity through energy efficiency applications

* Use highly efficient fossil-fuel power plants with carbon capture and storage

* Promote and deploy more renewables

* Use hydrogen and other storage technologies to make renewable energy more useful
* Explore cross-border power transfer with neighboring countries

* Explore advanced nuclear technology such as small modular reactors (SMR)



Customers Controlling
Buildings Optimized for
Savings

Measured energy savings across deployments
20% HVAC Energy Savings
259% Lighting Energy Savings

Occupant satisfaction: spaces controlled by a building

CALCULATOR

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

e Provide more energy efficient applications
and tools globally

e 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

e 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

24 generation, transmission & distribution
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Highly Efficient Fossil-fuel Power Plants

Carbon Capture and Storage

e Combined Cycle Gas/Steam Power Plant
* Ultra-supercritical steam power plant
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Power Plant: Ninemile 6, Westwego, La
Owner: Entergy Louisiana

Size: 560MW combined cycle unit

Gas Turbines: GE 7FA

Fuel: Natural gas and/or Fuel oil

Built: December 2014

Cost: S655 Million




Simplified layout of a 1000 MW coal-fired ultra-supercritical power plant.
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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)

e (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

30



Carbon Capture and Storage (CCS)
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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)

Apply

Subtechnology
v | [am

Show by Technology
Installed Capacity v | [caw
|
Installed Capacity (MW) | 2] (AID
Hydropower
Bioenergy
700,000 Geothermal
Marine
600,000 Solar
Wind
Cancel
500,000
400,000
300,000
200,000
100,000
0
g s 8 i
-] P g
o 3 E m
»n <
2
g
=)

1a

§
a

Germany
Ind
Jaj

Top 10 Countries/areas

Year

v | |2018 v

-

on

Ital

Canada

Russian Federati

France

Show by

Renewable Energy Technologies

Country/area Year

| Installed Capacity

~ | [am v | [2ms

23.0%
Onshore Wind

47.9%

Renewable hydropower

20.4%
Solar Photovoltaic

M niarine M solid Biomass B nixed Plants
. Geothermal . Offshore Wind . Renewable Hydropower
. Biogas . Onshore Wind

Liquid Biofuels . Concentrated Solar Fower

. Renewable Waste

Solar Photovoltaic

&

Source: International Renewable Energy Agency IRENA
https: / /www.irena.org/Statistics/

B EOE



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

34



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
— Multilateral
— Unified



36

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



Small Modular
Reactors (SMR)

Containment Vessel

CRDM

ICI Nozzle

Reactor Closure Head

/7
x Reactor Pressure Vessel
>
] N

RCP

Steam
Nozzle

1] Hot Leg Riser
Feedwater Nozzle

d|
‘\_

Reactor Vessel Support
Structure

}] Nuclear Core

20m tall, 2.7m dia. 590 tons LWR
4.95% enrichment 50 - 60 MWe Source: NUScale Power




Our Plan for a Clean Energy Future

Our Progress

2020 2017

52% 36%

Reduction’ Reduction

2007

GHG Emission
Baseline

https://www.southerncompany.com/clean-energy/net-zero.html



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 s
help, but question remains — how will the '
EV be powered




THANK

YOU!

Prof. Saifur Rahman

www.srahman.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


