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5 Technologically Diverse Pathways to Net-Zero in 2050
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Electricity generation capacity increases 2-6 times
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Wind, solar and HV transmission in 2020

As of end of 2020 (modeled i :
year) TS

Wind  Solar N, oS Ve g o
i Lo i .
Capacity installed (TW) /L ) e : L ) ,

015  0.07 (7 : - : — ) S ,
Land used (1000 km?) A RSN * sl bl o8 n ¢

Total 58 108 oy TR SRy - g
Direct 0.6 0.97 -l < i - RN A TR
v / 4 ) oo e i '
4 i ‘_cr
A / . ‘i « S X
Transmission capacity G\ e : : S ey T

GW-km 320,000 AL N\ 7 R

. v A LIRS TN D

I wind _ DN & ) R T
Population Density < 100 people per square km ’ \ ¥ g

I ropulation Density > 100 people per square km

Existing transmission (>345 kV) Vgl b



Wind, solar and HV transmission in 2050 — E+ pathway

2020- 2050
(cumulative)
Wind Solar
Capacity installed (TW)
1.42 1.32
Land used (1000 km?)
Total 551 371
Direct 5.5 334
Capital invested (2018%)
Trillion $ 1.84 1.39
Transmission capacity

992,900
(3.1x 2020)

GW-km




Almost $1 trillion invested in a major new bioenergy in industry

2050 non-food biomass use:
* 618 milliondry t (12.2 EJ)
* 17% of primary energy
* Sources:

CRP = energy grasses
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2050 H, Production (EJ)

2050 H, Use (EJ)
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60 — 130 million tonnes/year of hydrogen produced in 2050

[l ATR
W BECCS
electrolysis

electrolysis

electricity
[ pipeline gas
hydrogen boiler
[ synthetic gas
M synthetic liquids
B demand-side

Jectric

hydrogen boiler

E+

E-B+

electrolysis

E+ RE-

E+ RE+

H, sources

ATR = natural gas reforming with CO, capture.

BECCS = biomass gasification with CO, capture
(negative net emissions).

Electrolysis = water splitting using electricity.

H, uses
Electricity = H, burned in gas turbines

Pipeline gas = “hythane” blend in NG pipelines

Synthetic gas
Synthetic liquids
Demand side = transport, chemicals, steel
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700 to 1.700 million tonnes/year CO, capture, utilization & storage (CCUS)

CO, Captured
(Million tonnes/year)

CO, stored / utilized
(Million tonnes/year)
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CO, sources
Direct air capture

BECCS electricity
Natural gas electricity
BECCS hydrogen
BECCS pyrolysis

Cement

CO, Destination

Synthetic liquid fuels
Synthetic gas

Geologic storage
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A new national CO, transport & storage network

The 2020 U.S.CO, | ‘ 2020
transport network | A\
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A new national CO, transport & storage network

E+ scenario

929 million tCO,/y
106,000 km pipelines
Capital in service: $170B

CO2 point source type

@ CO2 point sources

@® BECCS - power and fuels

@ Cementw/ ccs

@ Natural gas power ccs oxyfuel
CO2 captured (MMTPA)

* 0.0006449

® 79144

@ 158282

@ 7419
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Energy System Cost (% of GDP)

Energy services remain in line with current costs as a % of GDP
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All modeled cases, including REF,
assume low oil & gas prices.
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Capital Mobilization Challenge
Lead-times, risk capital to fund decision sequence

- FID CoD
Decision Gate (Final Investment Decision) (Commercial Operation Date)
Scoping Pre-Feasibility Feasibility Study Project Execution Operations Closure
Study Study and Funding and Start-up
Approval
Permitting
Funding
Approval
- Select the
Project Execution
Project
Readiness
l l l Project Commitment l l

What could What should

What will it
be?

Deliver the Project

Investor
Equity

Developer equity Developer/Investor Equity + Debt Mix
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E+ Pathway involves more that $10 trillion supply side capital (2.5 X BAU)




Energy work force — huge boost in jobs but

mobilization challenge?
D
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