CAS



EEEN ENERGY

Final energy [EJ]

5.0

4.5

4.0

3.5

3.0

25

Modeling Results: CAS
Final Energy Mix

Final energy mix - CAS
REF Scenario

2010

2015

2020 2025 2030 2035 2040 2045 2050

= TEXT

Solar

m Geothermal

= Heat
Electricity
Hydrogen

= Gas

® Liquids

= Biomass

m Coal



EEEN ENERGY

Final energy [EJ]

5.0

4.5

4.0

3.5

Modeling Results: CAS
Final Energy Mix

Final energy mix - CAS
NDC Scenario

2010

2015

m Text

Solar
m Geothermal

® Heat
Electricity
Hydrogen

= Gas

® Liquids
= Biomass
m Coal

2020 2025 2030 2035 2040 2045 2050



Modeling Results: CAS

. Final Energy Mix: Scenario differences
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. Final Energy Mix: Scenario differences
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- Sector implications
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Final energy by sector - CAS
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Sector implications: Transportation
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Electricity generation by technology - CAS
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" Electricity Generation
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Electricity generation by technology - CAS

NDC
400 - " TEXT
Wind Offshore
350 Wind Onshore
mCSP
300 PV
Geothermal

250 — Biomass CCS
l l l Biomass
200 . . ®m Hydro
150 ' — Gas CCS
Gas

100 - — mO0il CCS
m Oil

50 - — | #Coal CCS
5l E B R BN BN N B

2010 2015 2020 2025 2030 2035 2040 2045 2050

TWh

Nuclear




Modeling Results: CAS

. Electricity Generation
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Electricity generation by technology - CAS
P2C

= TEXT
400 -
Wind Offshore
350 — = Wind Onshore
m CSP
300 = PV
Geothermal
250 — Biomass CCS
= Biomass
< 200 . . l ® Hydro
= l I I I I Nuclear
150 ' — +#Gas CCS
Gas
100 — — =0ilCCS
m Qil
50 4 — uCoal CCS
. . - m Coal

2010 2015 2020 2025 2030 2035 2040 2045 2050



EEEN ENERGY

TWh

100

80

60

40

20

-20 -

40 -

-60

-80

-100

-120

Modeling Results: CAS

* Electricity Generation

Electricity generation by technology & fuel - CAS
Difference: NDC - REF

Wind Offshore s TEXT

| Wind Onshore

Geothermal
Biomass CCS

Biomass

= Hydro
Nuclear
Gas CCS

Gas

& Oil CCS

= ~|  mCsP
= Oil

PV
i Coal CCS

2020 2025 2030 2035 2040 2045 2050 m Coal



TWh

EEEN ENERGY

250

200

150

100

50

-50

-100

-150

- 200

Modeling Results: CAS

Electricity Generation

Difference: P2C - REF
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longer run
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Electricity generating capacity
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Electricity generating capacity
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Electricity generating capacity

Electricity generating capacity by technology & fuel - CAS
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Modeling Results: CAS

" Carbon dioxide emissions

CO, emissions by scenario - CAS
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= REF: Emission growth
stopped by 2060 and
emissions decline thereafter

= Strong rebound after 2090
due added gas use for
electricity generation and
growth of fossil fuels in
meeting final energy
demand

NDC: Follow the trend of
REF after 2030 given the
‘ambition’ assumptions

Cumulative (2020-2100)
NDC emissions are only
7.4% or 13.9 Gt CO2 lower
than in REF and annual
emissions are almost
identical by 2100)

P2C: Emissions peak by 2020

Slightly negative emissions
between 2060 and 2070
Emissions positive again
after 2070 with a second
peak of 40 Mt in 2090 (or
10% of the absolute peak in
2020)
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" Carbon dioxide emissions
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CO, emissions by sector — CAS
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" Carbon dioxide emissions
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CO, emissions by sector — CAS
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" Carbon dioxide emissions
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CO, emissions by sector — CAS
P2C Scenario
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- Air quality
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Non-CO, pollutant emissions — CAS
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= NDC driven changes in the

energy sector further
reduce sulfur releases as
gas and nuclear substitute
for coal and oil
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Air quality

Non-CO, pollutant emissions — CAS
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= P2C leads to substantial
reductions in all air born
pollutant emissions — quasi
a co-benefit of the energy
system transformation to
protect the global climate
system



Modeling Results: Indicators
. Tradeoffs and synergies: CAS
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Energy and environment indicators - CAS
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= |ndicators are scaled relative to 2020 (2020=1), and any improvement in an indicator will result in values lower than 1
= If the shape of polygon becomes smaller compared to 2020, it shows improvement in the indicators
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Modeling Results: Indicators
. Tradeoffs and synergies: CAS
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Energy and environment indicators - CAS
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Modeling Results: Indicators
* Resource extraction: CAS
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Modeling Results: Indicators
» Domestic use versus trade: CAS
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» Domestic use versus trade: CAS
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Modeling Results: Indicators
» Domestic use versus trade: CAS
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Domestic fossil fuel use versus net trade - CAS
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Modeling Results: Indicators
* Investment needs: CAS
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Cumulative investments 2020-2050: 1,693 billion US$
REF - CAS = fossil fuel extraction

absorb 80% of total
energy sector investments
—in large part export
driven (more than doubling
over the period

» T&D commands twice as
much capital than
investments in electricity
generating equipment

Heat, hydrogen,
storage, etc. 253

Electricity Nuclear 7 = Generation investments
generation 86 are dominated by lowest
carbon emitting nuclear
and hydro plants (more
than twice the investments
in coal and natural gas)

Hydro 24

I

= Hydro power (traditional)
and onshore wind (new)
dominate investments in

m Extraction fossil fuel m Coal s Coal CCS renewables
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. istrict heat
Heat, hydrogen, storage, etc. = Energy efficiency

= Investments in US$ at 2010 prices and exchange
rates
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Modeling Results: Indicators
- Investment needs: CAS
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Modeling Results: Indicators
- Investment needs: CAS

EEEN ENERGY

Cumulative investments 2020-2050: 1,657 billion US$
P2C - CAS
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Investment needs: CAS
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Modeling Results: Indicators
Investment needs: CAS
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Modeling Results: CAS
- Primary Energy
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Modeling Results: CAS

. Primary Energy: Scenario differences
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Primary energy mix - CAS
NDC versus REF Scenario
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. Primary Energy: Scenario differences
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Primary energy mix - CAS
P2C versus REF Scenario
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