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5 Technologically Diverse Pathways to Net-Zero in 2050
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Unprecedented Infrastructure build over 3 decades
Supply – Demand - Transmission



Electricity generation capacity increases 2-6 times 
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Wind & solar are cornerstones
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Wind, solar and HV transmission in 2020
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Wind, solar and HV transmission in 2050 – E+ pathway



9

Almost $1 trillion invested in a major new bioenergy in industry
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60 – 130 million tonnes/year of hydrogen produced in 2050

ATR = natural gas reforming with CO2 capture.

BECCS = biomass gasification with CO2 capture 
(negative net emissions).

Electrolysis = water splitting using electricity.

Electricity = H2 burned in gas turbines

Pipeline gas = “hythane” blend in NG pipelines

H2 boiler = industrial steam generation.

Synthetic gas 

Synthetic liquids 

Demand side = transport, chemicals, steel

H2 uses

H2 sources
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700 to 1.700 million tonnes/year CO2 capture, utilization & storage (CCUS)
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A new national CO2 transport & storage network

2020
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A new national CO2 transport & storage network

2050
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Energy services remain in line with current costs,                             
but sector becomes much more capital-intensive
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Energy System Cost
(% of GDP)

REF

E- B+

E-

E+ RE-E+

E+ RE+

Global financial crisis

Oil price shocks

En
er

gy
 S

ys
te

m
 C

o
st

 (
%

 o
f 

G
D

P
)

Energy services remain in line with current costs as a % of GDP

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 
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E+ Pathway involves more that $10 trillion supply side capital (2.5 X BAU)
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Energy work force – huge boost in jobs but 
mobilization challenge?
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Energy sector (supply-side) jobs
increase by 1.5 to 4 times to 2050

But benefits (and challenges) 
are not homogeneous
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