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Global
energy
consumption
(Long-term view)

P ≈ 18 TW
≈ 2.5 kW

per person

100 PWh ≈ 340×1015 Btu
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Global
energy
consumption
(25-year view)

14%

15%

Non-hydrocarbons 
have grown from 
14% to 15% of all 
energy sources

* Source: BP Statistical Review of World Energy 2019



Energy 
source by 
fraction
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Hydrocarbons 
still account for 
85% of all 
energy sources

* Source: BP Statistical Review of World Energy 2019
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* Source: BP Statistical Review of World Energy 2019

World energy
consumption
by region
(25-year view) CSI = FSU

Asia/Pacific Africa

Middle East

North America

Europe

World

5 billion

Asia and Africa are still 
playing catch-up



Energy 
efficiency 
of major 
economies
(MJ/$GDP)

World average:
3.5 MJ/$GDP
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Projected 
global energy 
consumption
(1990 -2050)
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43% increase
(1.2%/year)

If we could increase 
renewable energies 
ten-fold over 30 years, 
we would still need all 
the hydrocarbons we 
use today

*Source: U.S. Energy Information Administration, International Energy Outlook 2019

http://www.eia.gov/outlooks/ieo/


Source Consumption
Gt Oil Eq            PWh

Reserves 
PWh

Res/Prod
Years

Energy 14.0 170

Oil 4.7 56 2,900 50

Nat Gas 3.3 40 2,000 50

Coal 3.8 45 6,000 132

Nuclear 0.6 7

Hydro 0.95 11.5

Renew 0.55 6.5

* Source: BP Statistical Review of World Energy 2019
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World energy
consumption,
reserves, and 
years until we 
run out

We will say Good-bye
to fossil hydrocarbons 
on a 50-year time scale



Energy investments

• Global investments in energy infrastructure: ≈ 2 T$/year
• Roughly equal to global annual investment in all R&D
• Compare global GDP: ≈ 80 T$/year
• Global investment in renewable energies: ≈ 0.3 T$/year
• Average lifetime of investments: 20 - 30 years ➝ ≈ 50 T$ invested
• At current rate it will take 150 years to replace existing energy 

infrastructure by infrastructure for renewable energies
• But fossil hydrocarbons (except coal) will approach depletion within 

the next 50 years: We will need to transition to other sources
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Global energy 
consumption
prediction     
U.S. EIA
(2010 -2050)



A viable strategy?
• Project global energy consumption over 50 years (2020 – 2070)
• Assume 1.2% overall annual growth of energy consumption, 

consistent with BP Report projections
• Assume 7.5% annual growth of “renewable” energy sources until 

2050, linear + 4% annual growth after 2050
• Assume 3% annual growth of nuclear energy
• Assume 1.2% annual growth for hydropower
• Assume balance is covered by fossil hydrocarbons (FHC)
• Assume that continued growth of atmospheric CO2 can be mitigated 

to limit climate change
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A viable (?) 
scenario for 
global energy 
consumption
(2020 -2070)
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A viable (?) 
scenario for 
global energy 
consumption
(2020 -2070)



What about CO2 emissions?
• In this moderately aggressive 

scenario annual CO2 emissions 
grow from 40 Gtons/year to 45 
Gtons/year by 2040 and then 
decline
• This is similar to model B1 from 

the Special Report on emission 
Scenarios  (SERS) of the Inter-
governmental Panel on Climate 
Change (IPCC) from 2000
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IPCC 2010 
Climate 
predictions 
for model 
scenarios
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• Even for “aggressive” adoption of renewable energy sources fossil 
hydrocarbon use will likely grow until 2040
• Growing adoption of nuclear energy important, but not a panacea
• Implies an annual release of at least 40 Gtons/year of CO2 until 2050
• A 1.5°C rise in global temperatures appears unavoidable without 

large-scale carbon sequestration
• Many approaches to carbon sequestration have been proposed
• Reforestation (helped by growing CO2 levels!) is most realistic, but 

mature trees are much better carbon sinks than young trees
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Conclusion



Carbon sequestration by trees
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Mature trees are much more effective than young trees: 
Annual growth rings have similar thickness, but trunk 
circumference is much larger. Nicely seen on a 85-year old
oak tree we recently had to fell near our house.

Estimate of realistic CO2
sequestration achievable by 
reforestation is 5-15% of 
CO2 emissions. Tropical 
regions are most effective.

Nature Climate Change 9, 463 (2019)



Summary
• We can now answer the question posed in the title: “Are we ready to 

say Good-bye to energy from (fossil) hydrocarbons?”
• Yes, we must, but it will be a very long Good-bye!
• Fossil hydrocarbons will be with us for a long time
• If we want to continue to develop the poorer regions of the globe 

(Asia, Africa, Latin America) it is unlikely that FHC use will decline 
before 2050 even with massive substitution efforts
• Rapid development of renewable energies combined with growing 

use of nuclear energy and large-scale carbon sequestration may keep 
global climate warming to ≤ 1.5°C
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Thank you for your attention

Questions?
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