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Top Electricity Producers in 2018 (TWh)

Highest ~

4,429
1,643
1,128
1,102

663

.rmany 647
lazil 596

.)uth Korea 593
.ance 571
laudi Arabia 351
lJnited Kingdom 334
Below100 B 100to300 [M300to900 MM 900to4000 [ Above 4000
Source: Enerdata Global Er ‘electricity/world-electricity-production-statistics. html
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Top 20 Countries that emitted the most CO2 in 2016 REPORTS & MULTIMEDIA / EXPLAINER
- ’
Rank Country CO, Emissions (Total) Each Count s Share
o
1 China 9056.8MT of CO2 Emissions
2 United States 4833.1MT Published Jul 16, 2008 | Updated Oct 10, 2019
3 India 2076.8MT
4 Russian Federation 1438.6MT
5 Japan 1147.1MT United Kingdom %> Turkey (1%)
nited Kingdom ' s
6 German 731.6MT Australia @) | ~ boin
‘ germany o somnmmen || s
outh Korea : i %3 — |\ —
8 Islamic Republic of Iran 563.4MT In;:’:::‘(:’;) -
9 Canada 540.8MT
audi Arabla (2%) — _— China 29%
10 Saudi Arabia 527.2MT st A @0 e
1 Indonesia 454.9MT RO
12 Mexi 445.5MT Islamic Republic of Iran (25%) B Americas
exico : W Afiica
13 Brazil 416.7MT e B Asia
Germany 2%) )
14 South Africa 414.4MT Y : Oceania
) sapan (%) urope
= Australia 392.4MT Russian Federation (5%) Earasia
16 United Kingdom 371.1MT R e M widdle East
17 Turkey 338.8MT
18 Italy 325.7MT
——— Rest of the world (19%)
19 Poland 293.1MT
20 France 292.9MT
© 2019 Union of Concerned Scientiss
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CO, emissions
Country .
(per capita)

1 Saudi Arabia 16.3T

2 Australia 16.2T

3 United States 15.0T

4 Canada 14.9T

5 South Korea 11.6T
6 Russian Federation 9.9T
Ranking by Per Capita i B
8 Germany 8.9T
CO E i i 20 16 9 Poland 7.7T
2 m ISSIOnS 10 South Africa 7.4T
11 Islamic Republic of Iran 7.17
12 China 6.4T
13 United Kingdom 5.6T
14 Italy 5.4T
15 France 4.5T
16 Turkey 4.2T
17 Mexico 3.6T
18 Brazil 2.0T
@ Source: Union of Concerned Scientists 19 Indonesia 1.7T
https://www.ucsusa.org/resources/each-countrys-share-co2-emissions 20 India 1.6T

CO:z Emissions by Source & Regions
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34%
32 316 Mt of CO; 52 616 Mt of GOz
Global CO, Emissions from Fuel Combustion Global CO, Emissions from Fuel Combustion
by Fuel Type - 2016 By Region - 2016

@Source: IEA Key World Energy Statistics 2018
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Over 75% of Global Demand for
Coal Comes from Asia

Dark matter ‘ Coal scuttle
Coal consumption* Coal-fired generation capacity receiving

: : final i I, GW
Tonnes of oil equivalent, bn nalinestmentapprayel, 6

M China M India M Southeast Asia
M Rest of world

Rest of Asia Pacific

2010 11 12 13 14 15 16 17 18

1990 95 2000 05 10 15 18 Source: IEA with calculations based on

. ) data from McCoy Power Reports (2019
Source: BP *Commercial solid fuels only Y EoHET Repaits (IS

The Economist

The Economist
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100
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50
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100
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e
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sy " Source: Our World in Data
Gy Source: The Economist 20 Feb 2021
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CO2 Emissions

=
Cleaning up
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Growth of CO2 Emissions & US Sectoral Breakdown
==
Where the gas comes from
CO:z emissions*, tonnes, b United States, greenhouse-gas emissions
By sector, 2018, % of total
10
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United 6
States Electricity
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i &residential
1980 85 90 95 2000 05 10 15 19 P
Sources: EPA; Global Carbon Project *Excluding land use change
I'he Economist
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Changes in Generation
Mix in China

China will start to reduce its
CO; emissions beginning in
2030

Hydro/Solar/Wind (%) Thermal (%)

2001
2016
2018
2030

25.56 73.47
33.80 63.77
37.00 60.00
52.00 42.00
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Anthropogenic Carbon Emissions by Sector (2000 and 2019)

US Carbon Emissions 2000

Other
2%

Residential and
Commercial

Transportation
33%

US Carbon Emissions 2019

Other
7%

Residential and
Commercial
1%

35%

Industry
16%

Electricity Generation
31%

Transportation
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Carbon
S Methane
dioxide (CH4)

(C02)

Hydro

Ngg‘c’l:s fluorocar
bons

(N20) (HFCs)

Per Sulphur
fluorocar hexafluo

bons ride
(PFCs) (SF6)

Six Greenhouse Gases

hydrofluorocarbons
e AHEES
iGreenhouse gases (GHG) o

and their sources

‘The global warming potential (GWP) of each GHG
s measured using the equation Tg CO;Eq"

co,
5y B mesurad n 1mion meircsorllliE ¢ Lo T
1 metrictonis 1000 ilograms = average weight ofa female giraffe.

A

1997 CO2 emissions from fossil fuels and
cement production: 30.4 billion tons

2018 CO2 emissions from fossil fuels and
cement production: 41.1 billion tons
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Global Anthropogenic Greenhouse Gas Emissions by Gas 2015, 2016 & 2019
GLOBAL MANMADE GREENHOUSE GAS GLOBAL MANMADE GREENHOUSE GAS GLOBAL MANMADE GREENHOUSE GAS
Nitrous EMISSIONS 2015 EMISSIONS 2016 Nitr.ous EMISSIONS 2019
Oxide Fluorinated Gases Nitrous Oxide _Fluorinated Gases Oxide Fluorinated Gases
6% | 2% 6% 2% 5% 3%
Methane Methane Methane
16% 17%

17%

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

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

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

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

' Carbon _Carbon
| Carbon Dioxide Dioxide Dioxide
76% 75% 75%
Fluorinated Gases include: HFC. PFC and SF6 Source: https://ourworldind g issi Source: UNEP Emissions Gap Report 2020
greenh g issi h it-each-year https://www.unep.org/emissions-gap-report-2020

Source: UNEP Emissions Gap Report 2020 https://www.unep.org/emissions-gap-report-2020
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US Anthropogenic Greenhouse Gas Emissions 2014 & 2019

US GREENHOUSE GAS EMISSIONS 2014

Fluorinated Gases

Nitrous Oxide
6% 2%

Methane
16%_

Carbon
Dioxide
76%

Nitrous Oxide

Methane

10%

US GREENHOUSE GAS EMISSIONS 2019

Fluorinated Gases
7% [ 3%

Carbon Dioxide
80%

Source: https://www.epa.gov/ghgemissions/overview-greenhouse-gases#overview
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Global Warming
Potential (GWP) of
Greenhouse Gases

Earth's Greenhouse Effect

|
0O

GLOBAL WARMING

v Carbon dioxide (C0O2): 1

v' Methane (CH4): 28

v Nitrous oxide (N20): 265
v Hydro fluorocarbons (HFCs): 138
v’ Per fluorocarbons (PFCs): 6,630
v Sulphur hexafluoride (SF6): 23,500

(over 100-year time scale)
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Natural wetlands Paddy rice fields En:,s:::,:t f::ms ::;s::ck S O u r C e S Of
Atmospheric
Methane

Biomass burning Anaerobic decomposition Fossil methane emission
of organic waste in

N during the exploration and
landfills

(including forest fires)
transport of fossil fuels
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US Emission Characteristics from
Electricity by Fuel Type (grams/kWhr)
Plant Type \[e)'¢ S02
Gas 2.32 0.004 490
Qil 2.02 5.08 781
Coal 3.54 9.26 1090
18



27.10.2021

Decarbonization

Reduce Carbon Emissions
from Electricity Production Reduce Carbon Emissions

(1) Use less electricity

(2) Use less fuel to produce electricity

(3) Produce more electricity from

renewables & nuclear

19
. . . .
Costs of Electricity Generation: Past & Future
[ &l -.
Sun down High and dry
Energy costs, $ per MWh China, cost of eIec}riFity, new renewable facilities*
compared with existing coal and gas providerst
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Solar 300 80
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200 SN Gas
150 \ 40
= CLaI 100 = \*_
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. 50 e
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T & T & T g T L T & T
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Source: Lazard Source: BloombergNEF *Levelised TMarginal
The Economist The Economist
{é%} Source: The Economist 4-10 July 2020 E%} Source: The Economist 5-11 December 2020
20
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Renewable power
generation has
reached a competitive
tipping point

Fossil-fuel
cost range

Biomass 1l —
Renewable Power o |

Generation Costs virpower I

Solar PV |

Concentrated
solar power

Offshore wind

Onshore wind _

0 005 010 015 0.20 0.25 0.30
USD/kWh

=== Global average

Source: People, Planet and Prosperity: Raising Climate

Ambitions Through Renewables, IRENA 2019 kWh = kilowatt hours

Renewable power generation costs in 2018
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Total Installed Renewable Energy
CapaCIty in 2018 Renewable Energy Technologies
Top Ten Countries o — a3 N N

Show by y Year
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o . . . .
0 . I BN . &
= ) = = = g s > P 3

a5 g Jd 3 = Source: International Renewable Energy Agency IRENA
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Future of Renewables in
the United States

U.S. electric capacity additions and retirements, 2019 e{‘
gigawatts (GW)

2)

retirements

additions

.®
P ¥
. ‘.f s Navajo (2.3 GW)
S e

> © Q .‘. 1 e
S04 =

R * @Piarim (07 6W)
i e
: .

CXC)

L
-. Three Mile Island

Okeechobee (1.7 GW) WEON)

nuclear
other

solar PV
wind

natural gas
coal
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A great leap forward 2|

United States, installed electricity capacity
By power source, gigawatts

4,000
B Coal FORECAST*
W Gas 3,000
W Nuclear
W Hydro 2,000
W Wind S

M Solar

2000 10 20

Sources: BloombergNEF;
Princeton University

*Under a scenario of
high electrification

The Economist

U.S. electric capacity additions and retirements, 2019

planned additions
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other, 2%

2 Sther
10 -solarPV

a natural gas

wind
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-6 natural
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gas, 27% e@
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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 will
help, but question remains — how will the
EV be powered

25

Please Share your Idea in My Twitter Account To

“make IEEE a more successful and resilient global technical organization”
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