8. TARGET-SCENARIO

Emissiorshouldbe lessthan 18 GtCO2 by 2050 (1:8: ttapitg

Asko \Vuorinen
Ekoenergo Oy

2019

Basedn the Book:
OFundament al s of Gl ok



PresentatiorSlidesabout Global
Warming

© N o O K~ W DN E

Global Warming 1902018
Influenceof the Sun

CO2 EmissiongandConcentration
Forecastingslobal Warming
Seawateirnd IceConditions
MilankovichCycles

Action Plans
TargetScenarid2050



Contents

© 00 N o O b wbhRE

European Union
United States
China

India
MiddleEast
Africa

Restof the world
Globalscenario
Summary



1. EUROPEAN! UNION



Carbonfree elegtricity in EUby 2050
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Electricity Generation in EU by Source (TWh)
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Reductionof CO2 Emissiongrom
Electricity(from 900 NMtCO2 to zero)

CO2 Emissions in EU from Electricity (Mt/a)
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Specifi&mission$rom Electricitywill drop
from 280 g/kWh:tozero by 2050

Specific CO2 Emissions in EU from Electricity
(g/kWh)
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New Carsin EUwill be PEV Dy 2040

Market Share of New Cars in EU

/ / : .
/ ‘\
Ao\ of ok

100%
90%
80%
10%
60%
50%
40%
30%
20%
10%

0%
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

m Oil mPEV

PEV = Plugn Electric Vehicles



90 %Carson the Roadsan EUwill be PEVS
by 2050
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Cars on the Roads in EU (millions)
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/ Consumptionof Oil in EUwill drop from
- 600Mtoe in 201:8:t0 200Mtoe by 2050

g Use of Oil in EU (Mtoe)
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CO2 Emissionsrom Qil in EUwill drop
from 1950 /Mtiin’2018 10/ 700'Mby 2050

CO2 Emissions from Qil in EU (Mtoe)
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CO2 Emissions EUwIll drop from 3000
Mt in 201:8:t0: 850 Mtby 2050

CO2 Emissions in EU (MtCO2/a)
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2050 emissions 850 Mt / 500 = 1,7 tCO2/capita



2. UNITED)STATES



Near carbonfree electricity in USby 2050

Electricity Generation in US (TWh)
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Reductionof CO2 emissionsrom 1900 /Mt
Electricitywill drop to 200 Mt by 2050

CO2 Emissions from Electricity in USA (MtCO2)
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SpecifiE&missiongrom Electricityin USwill
drop from 400 g/kWh:to '50-g/kWh
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New Carsin USwill be PEVdy 2040
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Market Share of New Cars in USA
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90 %Carson the Readan USwill be PEVs
by 2050
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Cars on the roads in USA by Type (millions)
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Consumptionof Oil in USwill drop from
800 Mtoe in 2018:to 220Mtoe by 2050

Oil Consumptionin USA (Mtoe/a)
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CO2 Emissiongrom Qil in USwill drop
from 2850 /Mtiin°2018 t0:800"Mby 2050

CO2 Emissions from Oil in USA (Mtoe/a)
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CO2 Emissions USwill drop from 4800
Mt in 201:8to 1500 -Mby 2050

CO2 Emissions in USA (MtCO2/a)
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1500 Mt/ 440 = 3.4 tCO2/capita, 90 % more than the target
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- 3. CHINAN




Near Carbonfree Electricityin Chinaby 2050

Electricity Generation in China (TWh)
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CO2 emissionsrom Electricityin Chinawill
drop from 5900 'Mtto 1000 Mtby 2050

CO2 Emissions from Electricity (MtCO2)
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SpecifiE&mission$rom Electricityin Chinawill

dro
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New Carsin Chinawill be PEN 9y 2037

Market Share of New Cars in China
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All Carson the Roeadsan Chinawill be PEVs
by 2045

Market Share of Cars on the Roads in China
(millions)
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/ Consumptionof Oil will drop from 600
- Mioe in 201:8:to0 250Mtoe by 2050

g Oil Consumptionin China (Mtoe/a)
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CO2 Emissionsvill drop from 10 Gt in
201810 2:9Gtby 2050

CO2 Emissions from Fuels in China (MtCO2/a)
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2900 Mt/ 1450 = 2 tCO2/capita, 10 % more than the target
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4. INDIA




50 %from Electricityfrom Renewablem Indiaby
2050

Electricity Generation in India (TWh)
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CO2 Emissionsrom Electricityin Indiawill
drop from 1200 /Mt to 1100 Mtby 2050

CO2 Emissions from Electricity in India (Mt/a)
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SpecifiE&mission$rom Electricityin Indiawill
drop from 760 g/kWhto 340-g/kWhoy 2050
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New Vehicedn Indiawill be PEV Dy 2045

Market Share of Motor Vehicles in India
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60 %-ofVehiclenn the Roadgn Indiawill
be PEN 9y 2050

Motor Vehicles on the Roads in India (millions)
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Consumptionof Qil in Indiawill be peaking
at S00Mtoe by 2035

Oil Consumptionin India (Mtoe/a)
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CO2 Emission$rom Fuelswill be peakingat
3600 /Mtby 2035-:anddrop to 2200 Mt by 2050

CO2 Emissions from Fuels in India (MtCO2/a)
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2200 Mt/ 1500 = 1.5 tCO2/capita, 20 % less than the target 1.8 t/capita
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- 5. MIDDLE: EAST




50 %from Electricityfrom Sun-and-Nuelear in
Middle Eastby 2050
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Electricity Generation in Middle East (TWh/a)
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CO2 Emission$rom Electricityin Middle East
will drop from 600 Nt to 400'Mtby 2050

CO2 Emissions from Electricity in Middle East
(Mt/a)
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SpecifiEmissionsrom Electricityin Middle East
will drop from 500 g/kWhto 220-g/kKWhoy 2050

Specific CO2 Emissions from Electricity in Middle
East (g/kWh)

1950 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

41



New Vehicean Middle Eastwill be PEV Dy
2040
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Market Share of Motor Vehicles in Middle East
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90 %-ofVehiclexnn the Roadan Middle
Eastwill be PEV Dy 2050

Motor Vehicles on the Roads in Middle East
(millions)
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Consumptionof Oil in Middle Eastwill be
reducingfrom 400 Mtoe to 200 Mtoe by 2035

Use of Oil in the Middle East (Mtoe/a)
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CO2 Emissionsrom Fuelswill drop at from
2100 'Mtito 1150 Mtby 2050

CO2 Emissions in Middle East (MtCO2/a)
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1150 Mt/ 700 = 1.6 tCO2/capita, 10 % less than the target 1.8 t/capita
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90 %from Electricityfrom Renewables Africa
by 2050

Electricity Generation in Africa (TWh/a)
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CO2 Emission$rom Electricityin be peakingat
550 Mt by 2030-anddrop to 200 Nt by 2050

CO2 Emissions from Electricity Generation in
Africa (Mt/a)
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Specifi&missionsrom Electricityin Africawill
drop from 530 g/kWhto 100-g/kKWhoy 2050

CO2 Emissions from Electricity Generation in
Africa (g/kwWh)
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New Vehicesn Africawill be PEVdy 2050

Sales of New Motor Vehicles in Africa (millions)
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About 45 %-ofVehicleon the Roaddan
Africawill be PEV 9y 2050

Motor Vehicles on the Roads in Africa (millions)
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/ Consumptionof Oil in Africawill be peaking
~ at 180Mtoe by 2030
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CO2 Emission$rom Fuelsin Africawill be peaking
at 1350'Mtby 2030-anadrop to 900 Mt by 2050

CO2 Emissions from Fossil Fuels in Africa
(MtCO2/a)
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900 Mt/ 1000 = 0.9 tCO2/capita, 50 % less than the target 1.8 t/capita
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5. REST OF THEWQOLD



90 %from Electricityfrom Renewables Restof
the World by 2050

Electricity Generation in the Other Countries
(TWh)
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CO2 Emission$rom Electricityin be peakingat
3500 /Mtby 2025 -anddrop to 1000 Mt by 2050

CO2 Emissions from Electricity in the Other
Countries (MtCO2/a)
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Specifiemissiongrom Electricityin Other Countries
will drop from 400 g/kWh:to‘90-g/kWhby 2050

Specific CO2 Emissions from Electricity in the
Other Countries (g/kWh)
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About 40 %-ofVVehicleon the Roaddan the
Other Countrieswill be PEVdy 2050

Motor Vehicles in the Roads in Other Countries
(millions)
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/ Consumptionof Oil in the Other Countries
~ will be peakingat 1800Mtoe by 2030

g Use of Oil in Other Countries (Mtoe/a)
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CO2 Emissiongrom Fuelsin the Other Countrieswill
be peakingat 10 Gtby 2030-anddrop to 6 Gt by 2050

CO2 Emissions in Other Countries (MtCO2/a)
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6000 Mt/ 3000 = 2 tCO2/capita, 10 % more than the target 1.8 t/capita
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90 %from GlobalElectricitywill be CO2 free by
2050

Global Electricity Generation (TWh)
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CO2 Emission$rom GlobalElectricitywill be peakingat
14.5Gtby 2025 -anddrop to 4 Gt by 2050
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CO2 Emissions from Electricity (MtCO2)
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SpecifiEmission$rom GlobalElectricityin will

dro
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100 %:-of "Newwehicleswill be PEV Dy
2050

Global Sales of New Motor Vehicles (millions)
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About 70 % _n the Roadswill
be PEVdy 2

PEV = Plugn Electric Vehicles



