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Correlation between CO2 and temperature increase in past 50 years
• Major Increase in CO2 emissions
began after WW2
• Rate of CO2 in atmosphere and
temperature increase has
accelerated since 1978
• Current CO2 fossil fuel emissions:
coal 43%, oil 34%, natural gas 18%
• Coal emissions increased 60% in 10
years (2002-2012)

From IEA statistics

Significant temperature increase began around 1980
❖ Temperatures over land rose
twice as fast as over the ocean
❖ Temperatures in the Arctic rose
twice as fast as on land since
1980
❖ From 1985 to 2017, the Arctic
lost 70% of multi-year ice.
❖ By mid-century, the Arctic will
be virtually ice-free in late
summer

“Cascading Impacts” and “Compound Events”
Since 2000, separate effects have combined to accelerate the process
▪ Snow reflects sunlight. With warming
temperatures, amount of land covered by snow is
reduced, (loss of 2 MM sq. km in this century)
increasing heat absorbed and land temperatures
▪ Large amounts of methane, a more potent GHG
than CO2, are released due to melting permafrost.
Since 2000, 15% of permafrost area has melted. By
2030, this will reach 25%.
▪ While the oceans are warming, a disproportionate
amount of heat is moving to the southern oceans
through deep currents. This is causing extreme rise
in temperature in West Antarctica (4X global avg.)
and is undermining major ice sheets.

(IPCC, 2019)

2012 reduced snow cover (NASA. NOAA)

(IPCC, 2019)

(IPCC, 2019)

A “tipping point”: steady changes may be replaced by large-scale change in 2030-2050
Four most likely causes for acceleration of climate change:
1. Change in ocean circulation patterns due to increasing hot (and cold) spots at crucial points
2. Breaking off of major ice sheet in West Antarctica or Greenland raising sea level by meters within decades
3. Breakdown of northern jet stream resulting from more rapid temperature rise in Arctic than northern temperate
zone and disappearance of summer ice pack resulting in extreme temperatures in “temperate zones”
4. Breakdown in marine ecosystem disrupting major food supply

Example of “tipping point”: West Antarctic ice sheet breaking off
causing major increase in sea level rise

Rohde (2006)

West Antarctica warming at 4X rate of planet influenced During end of last ice age (14,500 yrs. ago) portion of W. Antarctic
by warm ocean currents. Surface melt is accelerating. ice sheet broke off, raising sea level 30 M at rate of 26-53 mm/yr.

IPCC 2019

West
Antarctica

Current rate of sea
level rise could
increase by order
of magnitude
40 mm per year is
1 meter per 25
years

Smithsonianmag.com (2009)

Most of West Antarctica is ice, not land. Due to warming
southern ocean currents, ice sheet is melting below sea level

NOAA

Global temperatures are tied to the composition of the atmosphere,
in particular Carbon Dioxide (CO2), throughout Earth’s history

NOAA

PermoTriassic
heat and
extinction

Antarctic ice cap

80% of emissions of CO2, the
primary GHG, are associated with
burning of fossil fuels

Arctic ice cap
Carboniferous
glaciation

Foster et al, 2017, adapted,
Montenez, 2018

Foster et al, 2017, adapted, Montenez, 2018

Growth rate increased 500% since 1960

CO2 levels in geologic history can be estimated from the
fossil and geochemical record.

Methane, the second most potent greenhouse gas,
plays increasing role

Global Carbon Project

Methane concentrations have risen at twice rate of CO2 since
1900. The proportion of GHG from methane has risen from
10% to current 16% and is 25% of annual GHG increase. By
2050, methane will be 20% of GHG.

Fossil fuels contribute 1/3
of methane emissions. Oil
and gas industry is 24% of
total emissions.
Global Methane Initiative
Global Methane Initiative

Oil and gas share of
CH4 emissions has
increased from 20% to
24% in past decade
Methane increase at high rate since 2008

Rise in methane emissions needs to be addressed

Since 2008, a sharp rise in methane
emissions has coincided with rise in world
gas production, LNG exports and US shale
oil & gas production

Tropomi and MethaneSat

Alvarez et al, Science (2018)

Detailed airborne studies in the USA
document up to 50% of emissions come from
“super-emitting’ locations

Satellite imagery
documents high levels of
methane emissions in oil
and gas producing areas
in the Middle East,
Caspian and Russia. In the
USA and Canada, high
emissions are closely tied
to shale oil and gas
producing areas.

Solar radiation and ocean currents play a role in
global temperature
2020

2015/6 Strong El Nino
near solar maximum
Rising
CO2,
methane

Likely
outcome
with strong El
Nino during
next solar
maximum

Source: NOAA

Kitiashvilli, NASA

Source: NOAA

3 strongest El Nino’s: 1982/3, 1997/8, 2015/6

Solar maximums, at 11-year intervals and El Nino
currents at 2-7 year intervals are associated with
warmer temperatures. With warming ocean, El Nino’s
are getting stronger. If next strong El Nino occurs in
coming solar maximum (2023-26), temperatures
should far exceed 2016 record year.

Three areas of extreme climate
vulnerability
for
the
Middle
East
Extreme Heat
Water Shortage
Sea Level Rise

Max. wet bulb temperatures mid-century

Max. surface temperatures mid-century
Pal,Elfaith, Eltahir: Nature Climate Change (2016)

Upper limit of human ability to shed heat is
“wet bulb” temp. of 35 deg. C. In mid and
upper climate change scenarios, this level is
reached by mid 21st century in Middle East.
It may come earlier in isolated heat events.

Global Warming Art License,
“Middle East Sea Level Risks”

LRS (UNC Wilmington)

Based on current trends, sea level rise will be
0.6-1.0 meters by 2100, causing particular
damage in Nile Delta and upper and coastal
Arabian Gulf. If melting Antarctic ice sheet
increases that to 2-3 meters, there will be
serious repercussions in both areas.

The Middle East is perhaps the
worlds most “water stressed”
region. Increased temperature
will reduce precipitation and
increase evaporation, making
water shortage much worse.

Climate change is continuing to accelerate
despite Pandemic

Reference 1981-2010

MarchMay 2020

Peak CO2 increase of 3 ppm from May 2019-May 2020 (414
to 417) consistent with earlier years and pre-Pandemic
predictions
Reference 19821-2010

August 2019-July 2020
compared to same period
previous years

Despite reduced economic activity and lower fossil fuel emissions, MarchMay 2020 warmest ever recorded for that 3-month period
12-month period
August 2019-July
2020 also tied for
warmest ever
recorded. This is
despite 2019/20 at
solar minimum and
without El Nino
warming current.

Reference
1981-2010

August 2019July 2020

Covid-19 Pandemic: Where do we go from here?
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➢ Current Status: 21.4 MM cases, 250,000 new cases per day, 6000 deaths per day, rates consistent
➢ Track of epicenter: Originated in China, then spread to Europe, then North America, then to Latin American, then South Asia,
Middle East and Africa. All Middle East nations have higher or equal to world average, some with highest rate in world.
➢ Key to controlling outbreak before effective vaccine: Social distancing, masks, good hygiene, testing, contact tracing. Big
differences in effective responses resulted in better results in certain countries.
➢ Factors in deaths:Covid-19 attacks weak immune systems; older individuals, those with compromised health more vulnerable.
❖ Treatments have evolved, lowering mortality rate as a percentage of cases
❖ Real end to pandemic will only happen with development of effective
vaccine
❖ Multiple vaccines have reached final Phase 3 testing phase and it is likely at
least one will prove effective by year end 2020
By Jonathan Corum, Denise Grady, Sui-Lee Wee and Carl
❖ Distribution and administering vaccine should take place during 2021
ZimmerUpdated August 12, 2020

Covid-19 Effect on World Economy and Energy is profound but uneven
GDP (%) from 2018 base

Total Energy Demand (%) in 2020
compared to 2019

20
2

15

0

10

-2
5

-4

0
2018

2019

2020

2021

-6

-5

-8

-10

-10

-15

USA

EU

ASEAN 5

Middle East

IMF, WEF, June 2020
China
India
World

➢ World GDP will drop by 4.9% in 2020 compared
to 2019
➢ Nations with higher growth rate prior to
pandemics will recover more quickly
➢ USA and EU will suffer more than developing
nations (China, India and ASEAN 5)
➢ China will emerge stronger in world economy
➢ Middle East recovery hurt by loss in value of
most important commodity: OIL
*countries handling pandemic more effectively
will have better economic recovery
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Adapted from IEA, 2020

❖ Overall reduction in energy demand predicted to be 6%, however,
greatest reduction in coal and oil, with lesser in gas and nuclear
and actual increase in renewables
❖ Coal reduction due to price and drop in EU and USA production
❖ Oil demand reduction due to lockdowns and reduced air and road
travel
❖ Renewables strength due to increased use in EU and China and
strong electricity demand and price competitiveness
❖ Reduction in EU, USA and Japan energy demand of 10%, while only
4% on China, India and developing nations

How has the reduction in economic activity affected carbon emissions?
Global economic events or trends have affected
the rise of carbon emissions in the past 100
years. The lockdowns due to Covid-19 may cause
the greatest one-year reduction on record.

Reductions of carbon emission reached a peak of -17% in
April but rebounded to -4% by June, due to China, EU and
USA re-openings. Avg. 6% reduction for 2020 (2 GT
annual) is predicted with partial economic recovery.

Shift from coal to gas in
EU and USA and rise of
renewables
Oil price rise and
recession

Covid-19

Great Depression
Nature Climate
Change and Global
Carbon project

Adapted from IEA (4/2020)

Note China emissions back
to January level by May

CO2 emissions vary substantially for different fossil fuels:
Highest for coal, lowest for natural gas. Different oil types vary
widely in CO2 emission levels.
COAL

Natural Gas/LNG

Hydrocarbons produced by
tight oil/fracking

Flaring of associated
gas removes low
GHG benefits of tight
oil production

Adapted from Carnegie Endowment
Oil Climate Index

What is Effect of Pandemic on energy investment?

After short pause, China resumed coal production and by May
was at a higher level than in 2019. In March (2020) approved
construction of more new coal power plants than in all of 2019.
China’s rapid economic recovery will be fueled by coal.

The first half of 2020 marked an acceleration of decline in USA
and EU coal production, reducing world share from 14% to 10%

Low carbon and energy efficiency investments will
increase to 37% of energy investments in 2020 but of
lower total (-20%) so actual amount will decrease.

Investment in oil and gas in 2020 compared to 2019 will
decrease the greatest proportion (32%) of all sectors

The effect of the pandemic on oil supply and demand has been profound
(Rob West, Redburn)

IEA, Aug 2020

About 60% of oil is used for transportation

IEA, August 2020

Lockdowns and travel restrictions reduced road and air travel 1H 2020 worldwide

World demand dropped in Q2 by est. 20 MMBOD, causing price collapse and build-up of commercial inventories. Reduction of
supply by 12 MMBOD in May and recovery of 40% of demand loss by July restored balance, raising price to “stable” $40-45 Bbl.

What are the longer-term effects of the Pandemic on oil?
Even with flat or
declining demand,
further investment in
oil needed to maintain
production. Reduced
investment in 2020-21
will take away est. 5
MMBOD production
from 2025

Oil demand may recover to 2019 level no earlier than 2022
Bloomberg

Altig, Barrero and Bloom et al, Journal of Econometrics, 2020

Excess inventory from oversupply of 1H 2020 will
likely depress prices for the next 2-3 years

Longer term threats to oil demand include electric vehicles, with new
technologies increasing battery range, and changes in workplace
practices, reducing road and air travel (3X employees working at home)

How has the pandemic affected gas supply and demand?

Natural gas demand initially dropped half as much as coal and oil due to the pandemic but is recovering due to low price.

IEA, August 2020

IEA, August 2020

LNG prices have decreased to parity with US prices

As USA and Europe are coming out of “lockdown, they are increasing use of
natural gas, in USA from pipeline, in Europe from low price LNG

Aug. 2020

“Breakeven prices” for existing LNG
facilities are about $3 MMBtu

The USA LNG exports have collapsed to less
than 50% of Q1 2020 level due to low prices

Asian nations (ex. South Korea)
are also replacing coal with LNG

How does Middle East Compare in Transition to
Low Carbon Energy Production?
Primary Energy source 2019 (%)

Comparative change in CO2 emissions (2010-2019)

Source BP World
energy Outlook 2020
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Middle East depends almost entirely on oil and gas (98%) with only
about 1% low carbon sources compared to world 15%. However, it
relies on the highest GHG emitting coal for only 1% of energy.
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In this decade, CO2 emissions in Middle East nations have increased
>20%, greater than China increase and double world increase

Despite Having some of the highest
solar power potential on earth, the
Middle East generates only 1.6% of
world’s solar energy. The region also
offers wind power potential in
selected areas although now generates
only 0.1% of world wind power.

Four potential low carbon technologies/initiatives
could have a positive effect going forward

Carbon Capture, Use and
Sequestration (CCUS)

Bio-based
news 2019

It not only reduces the
amount of CO2 emitted; it
can remove CO2 from the
atmosphere. The oil and
gas industry must play
leading role in storage.

Nuclear Power

World Nuclear Association

A new generation of nuclear
plants have been developed with
higher efficiency, improved safety
factors, floating nuclear plants,
heavy water, high temperature
and small modular reactors that
challenge preconceptions

Hydrogen

Recycling

Lawrence Berkeley National Lab

Hydrogen has the highest
energy content by weight of
any chemical fuel. (3X gasoline)
It needs energy for extraction
and may be best paired with
nuclear. It can utilize gas
infrastructure for distribution.

The world generates about 2
billion tons of waste annually,
only 13.5% is recycled. (World
Bank) Petrochemicals are the
fastest growing use of oil and
gas. Most plastics are not
recycled. (10% GCC)

The technologies for all of these initiatives are well known. A global carbon tax would go far towards making
them economic. The oil ad gas industry, to varying degrees, could play a role in their implementation.

The Paris Climate Accord is seriously flawed
and has been mostly ineffective
•
•
•
•
•

The emission targets allow a 20% increase in CO2 emission by
2030, incompatible with temperature rise limit to 2 degrees C
No mechanism for GHG emission reduction, only goals and good
intentions
Individual country targets only apply to GHG emission within
countries, not emissions caused by exports
There are no penalties for failure to comply with designated
targets
Rise in methane emissions is not effectively addressed

With current partial compliance, world is on track
for 3.1-3.7 deg. C temperature increase

The key steps to make a global climate accord effective are actually straightforward: the
difficulty will be in achieving consensus on details and agreement on compliance:
1.
2.
3.
4.

Imposition of global carbon tax
Universal compliance and penalties for failure to comply
Formation of low-carbon investment fund
A worldwide identification and reduction methane emissions program

Possible scenarios for energy future after the Covid-19 pandemic
CO2 Fossil Fuel emissions (33 GT/yr. Base)
2

Three energy paths:
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1. A continuation of trend of 2017-2018 with CO2 emissions rising
annually in 1.5-2.0% range. Energy use trends immediately prior
to pandemic resume. If trend continues, this results in >3 deg. C
increase by 2100, “tipping point” with severe environmental
changes could occur as early as 2050.
2. Revert to trend of 2013-2016: Transition initiated, especially in
developing world to lower GHG fossil fuels while building
renewable capabilities in the coming decades, plateau of CO2
emissions and decrease after 2040. Effort includes reduction in
methane emissions. Paris accord strengthened and adhered to.
Carbon pricing initiated. Temperature increase limited to 2.5
degrees and “tipping point” is possibly avoided.
3. Move to lower carbon economy: Use 2020 shift to lower CO2
emissions as base and continue trend while finding way to
minimize economic impact. New stronger climate treaty
implemented with global carbon tax and rapid phasing out of
coal. Temperature increase limited to 2 degrees and “tipping
point” avoided.

•
•
•
•
Adapted from
IEA, 2020

BP WEO 2020

