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Climate Change, The Challenge for the Oil 
and Gas Industry and Geopolitics

Climate change, mainly due to the rise 
in CO2 in the atmosphere from the 
burning of fossil fuels is a fact and 
accelerating.  We are entering a crucial 
period and the oil and gas industry can 
play a positive role in confronting the 
challenge and avoiding the worst 
outcome.

• Eliminating near term the use of fossil 
fuels may cause extreme human 
hardship and economic collapse. 

• Shifting to natural gas and the lightest 
oils as a bridge while the renewable + 
nuclear share of energy generation 
increases is an achievable goal  

Arthur Conan Doyle



1950

GLOBAL WARMING
➢ Obvious correlation between CO2 

Concentration in the atmosphere and Global 
Temperature

➢ Effect was relatively minor until around 1950, 
when post WW II expansion in OECD countries 
and Soviet Union resulted in dramatic increase 
in hydrocarbon use and emissions

➢ Acceleration in emission increase taking place 
in 21st century mostly due to increased 
emissions from China burning  coal and  
petroleum

➢ Temperatures rising more rapidly in polar 
regions than tropics

➢ Arctic Ocean will be ice free during summer in 
the 2030’s 

▪ Antarctic ice sheet reached historic low in 
November 2016, with rate of continental ice 
loss (melting) increase 3X from 2007 to 2017

▪ West Antarctica warming at 4X global rate 
since  1950

Images courtesy of NASA

Temperatures above 
freezing at North 
Pole, February 2018



The effect can be 
clearly seen at present

The snow in western USA is disappearing in April 

Change in April 
snow pack 1955-
2016

2015-2017 warmest years ever recorded. 2018 on track to be similar to 2017

Frequency of one day extreme 
precipitation events  in 48 states 
has doubled in past 20 years

Hurricane Harvey, Houston 
Texas, September  2017

Source: 
climatesignals.org 

Source: NOAA



Effect of other greenhouse gases:  CO2 accounts for 76% of greenhouse gases 

methane (CH4) 16% and nitrous oxide (N2O) 6%

❖ While methane concentration is only 1.8 
PPM, compared to 411 ppm CO2, it has 80X 
effect short term, 25X effect long term of CO2 
per ppm

❖ Fossil fuels account for only 20%  of methane 
emissions, the increase over time  is  more 
closely correlated to world population than 
fossil fuel related emissions

❖ Nitrous oxide concentration is only about 0.3 
ppm, however it has 260X long term effect of 
CO2 per ppm.

❖ Fossil fuel emissions account for only 10% of 
human sources of nitrous oxide emissions, 
the increase with time is also most closely 
correlated to world population  growthSource: 

EPA, 2017

Source: 
EPA, 2017 Source: IPCC Climate 

Change Assessment

Sources of 
methane 
emissions



Methane Emissions: What is real story?
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US O/NG Total

Comparison of EPA and Science 
Methane Emissions studies

EPA Science

Methane is natural gas and it is 25X more potent as GHG in long term. (80X in short term) With the   
proposal of utilization of natural gas as a bridge fuel with 60% production increase by 2040, the 
actual methane emissions from natural gas production, transport and use  is an important question.

• In 2016, US Environmental Protection Agency(EPA) 
presented a study demonstrating reduction in methane 
emissions to 1.3% of production in US utilizing variety of 
technologies, monitoring and other controls

• In 2017 World Energy Outlook, International Energy 
Agency proposed worldwide implementation of a number 
of controls and regulations to reach the US level 
worldwide

• In 2018 “Science” published an exhaustive study 
indicating the US level was around 2% of production due 
mostly to a number of unreported high emission leaks

• All parties agreed that with careful monitoring and 
regulation, however, the low numbers are achievable with 
existing technology as demonstrated in the EPA report  

The biggest danger from methane 
emissions may come from a different 
source.  With the warming of the arctic 
extensive melting of the permafrost is 
already taking place releasing large 
amounts of methane that have not 
been accurately measured 

Sinkhole from melting permafrost, Yamal 
Peninsula, Russia

Source: 
Alvarez et al, 
Science, 2018

Source, National Geographic, 2014

Source, World Energy 
Outlook, 2017, IEA



Correlation of CO2 and Sea Levels: geologic and recent past 

Thousands of years before present

The fossil record of 
high CO2 levels in the 
Mesozoic-Paleogene 
compares well with 
the sedimentary and 
seismic record of high 
sea level in the same 
periods.  The current 
CO2 rise is heading to 
the Paleogene 
warming level if not 
halted    

From direct measurement of ice cores, the CO2 and 
methane composition of the past 800,000 years can 
be extrapolated to sea level changes of about 100 
meters for the same time period.  The CO2 level has 
ranged from 180-300 ppm in 50-100,000 year cycles.  
It has now risen from 280 to 411 ppm in 150 years.  
This is not “natural variation.”

The Earth at 50 million years ago demonstrates the impact of the higher 
sea level due to high CO2 atmospheric content source: paleontologicacolumbia

Paleogene 
warming

Adapted from Foster et al, 2017

Adapted from Hansen and Sato, 2013



What will be the results of the rise in CO2 in the atmosphere? 
• Current CO2 level (4/18) is 411 ppm, increasing 2.7-

3 ppm per annum at 40 GtCO2 emissions/annum
• +2.3 deg C (RCP2.6) only possible if immediate 

major reduction in HC use which is unrealistic
• +3.2 deg C (RCP4.5) would require significant new 

policies to take effect by 2040
• +3.7 deg C (RCP6) most likely case under current 

politics
• +5.4 deg C (RCP8.5) is case with no restrictions

• With CO2 level above 400 ppm, we have already 
reached point at which north polar cap will disappear 
in summer within 20 years, causing major climate shift

• Difference between taking action in the near future 
and “business as usual” is saving the Antarctic ice 
sheet which holds 90% of the world ice and would be 
the cause of major sea level rise 

1000ppm

850ppm

700ppm

560ppm

420ppm

Business as usual

Phasing out coal

Foster et al, 
2017, adapted, 
Montenez, 2018

Antarctic Ice Cap

Arctic Ice Cap

Foster et al, 2017, adapted Montenez, 2018

Antarctic ice cap formed when CO2 level dropped below 800 ppm, 
Arctic ice cap formed when CO2 level dropped below 400 ppm



How bad (and imminent) is the problem?
The situation is critical. The north polar cap will be effectively gone in the 
summer in the 2030’s, significantly altering the northern hemisphere climate 
by that time. The real question is whether the Antarctic ice cap can be saved.  
What does this mean?  Climate prediction is an inexact science and trying to 
be too specific may have actually hurt the credibility of those issuing the 
warning.  However, a few general trends can safely be predicted.
❖ With no summer polar ice cap, there will be changes in global circulation 

patterns such as significant weakening of the jet stream, altering weather 
patterns in the northern hemisphere. These changes will likely be a 
danger for continental  areas such as the mid continent USA and Central 
Asia that depend on the circulation that brings moisture from the coasts. 
The South Asia monsoon is affected in way that is not yet clearly 
understood.

❖ Ocean circulation patterns will also likely be altered due to atmospheric 
conditions as well as melting ice, ultimately affecting land climates

❖ With reduction in circulation, hot areas will become hotter and wet areas 
wetter, particularly in the tropics.  Areas such as the southwest US, 
interior India, North Africa and the Middle East, already at the upper limit 
of temperature threshold, will suffer.  Tropical areas face increased and 
severe flooding.

❖ Melting of the north polar cap, plus Greenland and northern hemisphere 
glaciers  will raise sea level by about 1-2 meters.  This will cause severe 
problems in many coastal areas. However, if the Antarctic ice melts, the 
rise will be 10X that amount, with catastrophic results in areas such as 
Coastal China, East and Gulf Coast USA and NW Europe.

❖ Climate change could occur faster than predicted if  (1) lack of ice cover 
over Arctic accelerates warming of oceans and (2) melting of permafrost 
accelerates increase of methane in atmosphere.  Both are likely.   

US East and Gulf Coasts if Antarctic ice 
sheet melts. National Geographic, 2014

Cold water melting from Greenland ice could affect 
Gulf Stream flow. Jones, Yale Environment360, 2016

May 2018: USA  and Europe had warmest May ever 
recorded, Antarctic 4-5 deg. C above normal.        
Source NASA 

Cold water from 
melting ice



COAL

Natural  Gas/LNG

Greenhouse Gas Emissions for oil are less than coal and greater than 
natural gas.  However, there is a wide difference in Greenhouse Gas 

Emissions for different Oil Types!

Comparison of GHG Emissions for different types of oil production 

Adapted from Carnegie Endowment Oil Climate 
Index



High Greenhouse Gas Emissions Oils
• Extra heavy oils: (<10 API) surface mining is highest. High GHG 

from burning the heavy oil plus energy required to produce.
• High flare: greenhouse gas emissions from flaring natural gas 

is extensive and worldwide; est. 5 TCF annually. (see map)  
Unfortunately, it is closely associated with US shale production

• High Steam: Heavy oil production associated with steam 
injection (SAGD). High emissions both from type of oil burned 
and energy required for production

Moderate Greenhouse Gas Emission Oils
• Depleted/Watery oil: this refers to secondary and tertiary 

recovery. While oil quality can be good and burning of oil may 
not be high GHG emission, energy needed for production is high

• Heavy oil: (10-20 API) where heavy oil can be produced without 
steam or surface mining, (CHOPS) the GHG emission can be 
considered moderate

Low Greenhouse Gas Emission Oils
• Shale/Tight oil: 85% of shale/tight oil is >40 degree API, 

ultra light with low GHG emission.  However, need to 
eliminate associated flaring.

• Conventional oil: normal grade (20-35 API) oil primary 
production onshore or in shallow water. Low to moderate 
GHG emission and low energy to produce

• Ultra-deep oil: light to normal grade, because heavier oils 
with lower flow rates will inherently be uneconomic to 
produce

• Light oil/condensate: lowest GHG emissions, close to level 
of natural gas/LNG

Skytruth.org

Zargon Oil & Gas Ltd.



To understand the future challenge for oil, we must review the past 

The current oil age actually dates back to the oil shock of 1973 when OPEC 
assumed control of the market.  The production increase that led to price collapse 
in the 1980’s was from conventional production.   Conventional oil production 
peaked around 2004 and the production increase from the price bubble of 2004-
2014 came from higher-priced production: heavy oil, deep-water, shale and NGL’s.



What were the key factors in the 2004-2014 “bubble” ? 

• Fracking: the marriage of fracking 
and horizontal drilling technology 
resulted in a production boom in the 
USA, facilitated by good fiscal terms, 
availability of capital and service 
companies and public databases

• By February 2014 production rose to 
approximately 3.7 MMBD crude + 1.5 
MMBD NGL in the US and Western 
Canada

• Production is characterized by high 
capital costs and rapid well decline 
rate (60-70% in first year)

• Political turmoil: revolution, political 
turmoil and sanctions in the Arab 
would removed 3 MMOBOD from the 
market

• Low Interest Rates: low cost 
financing was available for 
development projects that were only 
marginally profitable even at high oil 
prices starting in 2009

• High Cost production increase: 
Deepwater and heavy oil production 
dramatically increased with the higher 
prices 
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Rebalancing the Market: OPEC reaction and result
▪ In response to two years of low oil 

prices, in November 2016, OPEC plus 
other major exporters agreed to a 1.8 
MM production cut in an attempt to 
rebalance the market and cause 
prices to rise above the $50/bbl. level

▪ While there was an initial price rise, 
half of the cut was soon replaced by 
increased tight oil production in the 
US.

▪ However, increased world demand 
plus a temporary end to the increase 
of US tight oil production as the 
realization of $50/bbl. oil price and no 
higher resulted in supply deficit in 
2017 and all of the comparative 
excess inventory was removed by 
January   2018.

▪ With continuous robust world 
demand growth and possible supply 
shortages due to sanctions and 
political turmoil in Iran, Libya and 
Venezuela, OPEC and Russia reduced 
the production cut to 0.8 MMBOD in 
June 2018  in an attempt to keep the 
price stable in the $70/bbl. range   
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OPEC	lower	supply*	forecast	leads	to	increasing	supply-demand	deficit	in	2018

reversing	to	a	surplus	of	1.1	mmb/d	in	2Q	2019
and	returning	to	a	deficit	by	year-end	2019

Supply-Demand	

Deficit	(LHS)

Supply-Demand

Surplus	(LHS)

Source:		OPEC,	IEA,	EIA	&	Labyrinth	Consulting	Services,	Inc.

*Supply	after	2Q18	is	calculated using	EIA	production	
estimates	with	a	scalar	applied	to	adjust	for	true	
supply	since	OPEC	does	not	provide	supply	forecasts.

Brent	Price	

(RHS)

Supply 3Q18 4Q18 1Q19 2Q19 3Q19 4Q19

OPEC 97.70 98.79 99.30 99.27 100.43 100.93

IEA 99.63 100.14 100.11 101.28 101.78 101.85

Difference -1.93 -1.35 -0.80 -2.01 -1.36 -0.92



Effect of 2015-7 period of 
low prices in next few years
▪ 2016/7 recorded lowest 2-year discovery of oil and 

gas since WW II (2017 results were 80% compared to 
2016)

▪ Upstream exploration drilling levels in 2016 and 
2017 were only about ½ the level of 2011-2014 
average with minor increase planned in 2018-9. 

▪ Production for 20 billion barrels on commercial oil 
reserves projects, mostly oil sands and deepwater, 
were deferred in 2015/6

▪ New projects that were finally approved in 2017/8 
(mostly deepwater) will not begin to deliver 
significiant production until after 2020

▪ Most new projects are offshore production.  Oil sand 
projects (heavy oil) will stay on the shelf



Effect of low oil prices on Unconventional Production (2015-2017)
World oil production increase in 2010-2014 was 
driven by advances in technology supported 
by the high ($100/bbl.) oil price.  The drop to 
the $30-60/bbl. range in 2015-2017 period had 
a number of major effects:
• The dramatic unconventional production 

growth almost halted, with an increase of 
45% in 2010-15 reduced to 4% in 2015-17.

• While the overall increase dropped 
precipitously, there were “winners and 
losers”, as the most efficient 
unconventional sources, whether 
geographic areas, geologic formations or 
technologies, were differentiated

• Following the oil price collapse in late 2014, 
increased operational efficiencies and 
oversupply of services caused a price 
collapse of about 45% in operations cost

• The Permian plays  have proven to be low-
cost with a production increase even with 
the low prices

• The higher cost Eagle Ford and Bakken 
plays were hurt by low cost but production  
stabilized with lower drilling costs 
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The increasing supply of oil post 2015-7 price crash is different 
than earlier rises, mostly very light oil and natural gas liquids 
▪ This is led by the US, the worlds largest oil producer, with 

about 2/3 of its oil production tight (shale) oil and NGL’s
▪ About 85% of tight oil production is ultra-light oil (>40 

API) with world tight oil production growth prognosed to 
double to 12 MMBOD in 2018-2040

▪ As tight oil production spreads to other areas, virtually all 
new production will also be very light oil production

▪ As the world shifts to natural gas due to climate change 
pressures, NGL production should also increase,  at 
2%/year through 2040

▪ By 2040, tight oil and NGL’s (lowest CO2 emitting oils) 
should account for about 1/3 of world oil production, 
double the proportion of 2015 
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Natural Gas Industry has many differences compared to Oil Industry 

Reserves
• While oil reserves are dominated by OPEC and Middle East 

in particular, gas reserves have wider distribution, with 
Russia holding about ¼, but considerable further potential

• Iran/Qatar province, much of it in one field has similar 
reserves 

• US reserve total has significantly increased with shale gas 
technology in last decade. Reserves are partially dependent 
on price and have the potential to further double with 
commensurate price increase 

Production
• Two countries, USA and Russia dominate world gas 

production, both with potential to significantly increase
• Iran/Qatar production limited by size of domestic market 

and location
• Because of reserves, central location and pipeline 

possibilities, Turkmenistan could be major new producer     

Price
• There is now far greater spread in gas prices in different 

regions than for oil due to market supply and cost of transport
• Key change was development of shale gas around 2008 

period in North America resulting in abundant supply and 
price collapse for that market

• Europe and Asian gas prices have some link to oil, although 
shutdown on Japanese nuclear industry caused increased 
demand and price spike in Asia 

• Japan and SE Asia gas will be more costly than Europe due to 
location, however China and India will probably be closer to   
Europe in price due to greater pipeline access and in case of 

India, the East Africa LNG project

Source: 
IEA World 
Outlook 
2017 
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Development of shale gas in USA turned natural gas production 
from “sunset industry” to world’s #1 producer

US Production increase in past year greatest on record 
despite flat price
• Multiple successful plays
• Associated gas from tight oil production is not 

price dependent 
• Growing market due to coal plant retirements, 

pipeline exports and new LNG export facilities
• Growth of gas as petrochemical feedstock due to 

continued low price 
All of these factors have the potential to continue 
through the next decade, supporting the EIA 
prediction of 50% production increase from 2018-2040 
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2017-2018 Gas Production Increase is Greatest on Record

10.7 bcf/d/16 months--0.67 bcfd/month

Sept

2009

Jan

2012

Dec

2013

Apr

2015

Jan

2017

May

2018

10.94 bcfd/28 mo

0.39 bcf/mo

8.42 bcfd/16 mo

0.53 bcf/mo

10.7 bcfd/16 mo

0.67 bcf/mo

Source: EIA STEO & Labyrinth Consulting Services, Inc.



Russia, world #2 gas producer, has the reserves and potential for 
expansion, but would need major investment support

The following projects are 
geologically supported and could 
be economically feasible if 
investments funds are available
1. Stockmanskoye LNG
2. Altai pipeline to China  with 

additional production in West 
Siberia

3. Korea pipeline by expansion of 
Power of Siberia with additional 
production in East Siberia 

4. Japan pipeline with additional 
production offshore Sakhalin

5. Initiation of exploration on Arctic 
Shelf as polar climate warms 

3
4

51

2

World’s next tier of gas producers also have potential for major production expansion 

North 
Dome/South 
Pars contains 
1260 TCF and 
can have 
considerable 
production 
expansion

Canada, the #4 
producer after 
Iran/Qatar, has 
over 200 tcf
potential in 
marketable shale 
gas, if Pacific LNG 
terminal  built  

Power	of	Siberia	
	

Altai	
	

Central	Asian	
	TANAP	

TAPI	

IPI	

Russia-
Japan	

Myanmar-China	
	

Russia-
Korea	

Russia-Turkey	

Turkmenistan

Turkmenistan, 
with the world’s 
5th largest gas 
reserves is the 
one country with 
potential pipeline 
access to the 3 
largest gas 
markets

Pacific 
LNG

Canada
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How can the 
oil and gas 
industry 
address best 
address the 
global 
warming 
challenge?

Global warming, the inevitable response to emission of greenhouse 
gases, will force both changes in  the amount of consumption of oil 
and  gas and favor the lower GHG emission types of hydrocarbons 

The pressures of global warming and the development of cost 
competitive new technologies will lead to peak oil demand in the 
foreseeable future

Natural gas, with the lowest GHG emission of hydrocarbon fuels 
will fare the best in the new circumstances

Lack of investment and exploration during the price collapse years 
of 2015-2017 will likely result in limited new supplies of oil coming 
on stream until after 2020  

Investment in production of heavy oil has been particularly hard hit 
both for economic and environmental reasons 

Elements of each of several of the above points will favor the 
production of light hydrocarbons as opposed to heavier 
hydrocarbons, leading to an imbalance that will challenge the 
refining industry to provide the oil products needed 



What is a realistic plan that takes into account technology, available 
resources, economics and political factors?

RCP4.5 Scenario: The broad outline of this 
scenario results in a maximum 
temperature increase of no more than 3.2 
degrees C.  The CO2 concentration peaks 
at less than 720 ppm, which is likely to be 
at a level low enough to avoid melting of 
the Antarctic ice shelf. Global emissions 
plateau in the 2030-3040 decade before 
declining, reaching a stable level below 
50% of peak in 2080. 

In order to achieve the goals of this scenario, the Paris Climate Accord needs to be re-negotiated 
along the following lines:
1. Carbon tax enacted at the levels proposed on slide 24.  This is the most important part of any agreement as it is 

the mechanism that will drive the shift to use of lower CO2 emitting hydrocarbons, nuclear power and renewables
2. Halt on construction of new coal fired power generation plants after 2020 and elimination of gas flaring.
3. Worldwide focus on natural gas as “bridge fuel” through 2060 to lower carbon future, with support  for necessary 

infrastructure (pipelines, LNG facilities, gas fired power generation) to receive international support in financing
4. Utilization of money collected from carbon taxes in separate fund (although controlled by individual countries) to 

be used directly on renewable, nuclear and natural gas energy sources and energy infrastructure, including 
subsidies to mitigate higher energy prices plus investment support for carbon capture and storage projects

5. Adjust individual country targets to 2080 goals, forcing consideration of what need to take place for RCP4.5 to be 
accomplished         



HC Emission plan to achieve Climate change Goals
In order to avoid melting of Antarctic Ice Sheet, CO2 emissions 
need to plateau in next decade with significant decline by 2060, 
while at the same time allowing continued economic growth

To accomplish this, coal production must be  significantly  
reduced, oil production plateau and natural gas provide the 
bridge fuel while the renewable share increases

HYDROCARBON PRODUCTION LEVELS
▪ Coal production reduces to 50% of 2016 level in 2040, 50% of that level in 2060
▪ Oil production to rise from 96 MMBO/D in 2016 peak of 105 MMBO/D in 2025, 

plateau until 2040, then reduces to 85 MMBO/D in 2060 
▪ Gas production increases by 60% in 2040 compared to 2016 and an additional 15% 

by 2060

OIL PRODUCTION TYPE
• Heavy and extra heavy oil (API>20) gradually declines from 13 MMBO/D in 2016 to 12 

MMBO/D in 2040 and 10 MMBO/D in 2060
• Conventional oil production declines from 62 MMBO/D in 2016 to 60 MMBO/D in 2040 

to 45 MMBO/D in 2060
• Ultra-light oil (API<40) consisting mainly of tight oil and NGL’s increases from 2016 

level of  20 MMBO/D to 33 MMBO/D in 2040 before dropping to 30 MMBO/D in 2060

HC GENERATED CO2 EMISSIONS
• World energy generation of 13276 MMTOE in 2016 assumed to increase by 1%/yr. 

(associated with 3% GDP growth)  through 2060 to reach 20568 MMTOE
• Current level of 15% energy generation by renewable (wind, hydro and solar) plus 

nuclear rises to 30% in 2040 and 50% in 2060
• Coal emissions drop to 50% of 2016 level in 2040 and 50% of 2040 level in 2060
• Oil emissions remain constant though 2040 despite production rise due to doubling in 

ultralight proportion of production from 2016 to 2040
• Gas emissions increase with production rise but from lower base
• Hydrocarbons generated  CO2 emissions level of 33.4 billion tons in 2016 drops to 30.2 

in 2040 and 24.7 in 2060  
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Carbon (CO2) tax to “level playing field” with coal vs. new gas-fueled and 
renewable power generation and provide investment funds for gas and 

renewable power    
China
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➢ Carbon emission tax on coal of $50 USD/ton in 2020, increasing $2.5/ton per 
year immediately makes new gas fired power generation competitive with 
new coal plants in all areas and competitive with existing coal power plants 
by 2040

➢ Carbon emission tax on coal also makes solar and wind attractive 
alternatives where conditions are favorable 

➢ Carbon emission tax on ultra and heavy oil of $20/ton in 2020, increasing 
$2/ton per year encourages shift to light oil and NGL’s

➢ Carbon emission tax beginning in 2030 increasing $1.5/ton per year on all 
other oil production encourages shift to electric transport vehicles   

➢ Revenue of $12.4 trillion USD collected over 40 year period used to finance 
shift to natural gas and renewable energy and carbon capture and storage 
with particular support to countries that move away from coal

World Energy Outlook 2017, IEA
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PEAK OIL 
DEMAND
The pressure of global warming 
and the advancement of new 
technologies will result in peak 
demand occurring in the 
foreseeable future.  While 
“common wisdom” estimates 
point to 2040, it could occur as 
early as 2025-2030 if one or 
more of the very plausible 
scenarios takes place:
• Natural gas replaces oil as a 

petrochemical feedstock for 
ethylene and polyethylene

• Electric vehicles replace 
internal combustion engines 
in significant proportion

• Significant improvement 
takes place in internal 
combustion efficiency

• Average annual world GDP 
growth is lower than the 3.5% 
prediction



How realistic are the scenarios that lead to 
an early Peak Demand?  Very realistic
• Road transportation consumes 40 MMBO/D, greater 

than 40% of all oil use.  Penetration of the market by 
electric vehicles and/or significant  internal combustion 
improvements is actually taking place.

• Market share of new car sales of plug-in hybrids and 
electric vehicles doubled from 2015 to 2017

• The EU, China and California are setting ambitious 
targets for sales of zero carbon emission cars

• The projection of 3.5% annual GDP growth depends 
heavily on continued high growth in China.  China 
demographics (aging population) plus the necessary 
shift to more expensive energy consumption due to 
global warming from cheap coal to natural gas and 
renewables makes lower GDP growth highly likely

• With the reduction of natural gas prices in 2009, 
natural gas became much cheaper than oil for 
petrochemical feedstock.  With oil prices stabilizing 
around $70/bbl. in 2018,  +2X oil/gas price ratio on value 
basis will encourage continued shift to natural gas as 
feedstock.     

Current $65/bbbbl. 
price



What role could Carbon Capture and Sequestration play?        
The capture of CO2 emitted from industrial use (mainly power generation) and 
stored or otherwise utilized in ways that removes it from the atmosphere

A number of small-moderate scale CCS projects have been 
implemented or planned on five continents, with total 
capacity to capture 60 MMT of carbon annually, less than 
0.2% of emissions.  Half of that capacity is in operation, 90% 
utilizing the captured CO2 for enhanced oilfield recovery, the 
rest for CO2 storage.  The technology for CCS is known, what 
is missing is the economic support for the commercial use on 
a  large scale for purposes other than enhanced oil recovery.   

Because coal emits about 2X the emissions per unit of energy generated than natural 
gas, it makes sense to focus on Carbon Capture and Sequestration (CCS) from coal 
power generation as a priority.  Cost of CO2 capture of about 90% of emissions from 
coal power generation is estimated to range from USD $80-100/ton, with an 
additional $10/ton for transportation and storage.  Economics and attractiveness of 
CCS could be improved by the following factors, none of which are mutually exclusive:
1. Exemption from the CO2 emission tax for coal fired power stations that use CCS
2. Preferential financing for the investment needed  to construct CCS facilities using 

funds received from the carbon emission tax
3. Utilize the stored CO2 for additional (besides enhanced oil recovery) commercial 

purposes other than storage; promising example is on-site cement production
4. With multiple CCS units constructed, there will inevitably be increased 

production efficiency and reduction in costs   

Concentrating on CCS could ease the transition from coal for countries depending on low cost 
domestic coal reserves and limited alternatives in the near term, such as China, India and Poland

E.S.Rubin, Carnegie Mellon



Shift to Natural Gas: Can world production increase by 60% from current level by 2040(+2%/year)?

Prudhoe Bay Shtockmanskoye

Kovitka

South Pars/North 
Dome

Leviathan/Zohr

Cayar
Profound

Rouvema

6 major gas projects with proven reserves >1 TCM 
(35 trillion cubic feet) could come on line by 2030 
providing 15 TCF/year
➢ Prudhoe Bay: 35 TCF, pipeline to Cook Inlet with 

LNG to Japan and China; 1.5 TCF/year
➢ Stockmanskoye: 130 TCF, pipeline and LNG to 

Europe; 2.5 TCF/year
➢ Leviathan/Zohr: 45 TCF, 2 TCF/year domestic 

sales plus LNG to India and Europe
➢ Cayar Profound: 50 TCF: LNG to Europe,  2 

TCF/year
➢ Rouvema: 200 TCF, LNG to India and Far East, 5 

TCF/year
➢ Kovitka: 62 TCF, 2 TCF/year by pipeline to China 

and Korea (expansion to Power of Siberia)

Expand 6 existing production bases by 25 
TCF/year by 2030
➢ USA: shale production increase to allow 

additional pipeline and LNG exports of 7 
TCF/year

➢ South Pars/North Dome: 1260 TCF, increase 
current production of 19 TCF/year by additional 
8 TCF with pipeline and LNG to India and 
China/Japan

➢ Russia: West Siberia production increase of 2 
TCF/year to supply Altai pipeline

➢ Australia: Brownfield expansion of Northwest 
Shelf to increase LNG production by 3 TCF/year

➢ Turkmenistan: Increase production  3 TCF/year 
to support TAPI and TANAP pipelines and 
Central Asia pipeline expansion

➢ Russia: Sakhalin production increase of 2 
TCF/year to support pipeline to Japan 

West 
Siberia

US Shale gas

Northwest 
Shelf

This means 40 TCF/year production increase from current level will be needed by 2030, additional 30 TCF/year by 2040

Galkynysh
Sakhalin 
Shelf



Can additional reserves be found to sustain the higher production after 2030 and support 
additional 15% increased production by 2040?  Three areas have giant potential that have 
not been explored for non-geologic reasons.  For significant production in these areas in  

2030-2040, exploration must begin in the coming decade.

Barents 
Sea

Kara Sea

Laptev Sea

East 
Siberian 
Sea

Russian Arctic Shelf: With diminishing Arctic 
ice, these basins are accessible for exploration 
now and for production by 2030
❖ Barents Sea: Stockman (130 TCF 

discovered) prospects totaling 200-500 TCF 
identified

❖ Kara Sea: Extension of prolific NW Siberian 
Gas Basin, 500-1000 TCF potential

❖ Laptev Sea: Unexplored Cretaceous-
Tertiary Basin with HC shows. Up to 200 
TCF potential

❖ East Siberian Basin: Unexplored 
Cretaceous-Tertiary Basin. Up to 100 TCF 
potential

North Caspian Basin: Basin has 
only been explored on flank, with 
two supergiant gas fields 
(Astrakhan and Karachaganak) 
and two super giant light oil/gas 
fields. (Tenghiz and Kashagan) 
Multiple deeper prospects (up to 
200 TCF total potential) identified 
on southern and eastern flank that 
will likely be giant gas 
accumulations.  Need to create 
favorable commercial conditions 
for gas exploration and production 

Oreshkin, 
2016

50 TCF in 
Senegal/Mauritania

in North America 
Conjugate basin 

Hudson 
Canyon Gas 
Discovery 
1980 Dana gas 

discovery, 
Mauritania 

East Coast 
USA Gas 
prospects:
US East Coast 
offshore 
exploration in 
shallow water 
stopped in 
1980. 

Mid-Jurassic reconstruction, Scotese, 2014

❖ Gas discoveries on African North 
Atlantic Margin> 50 TCF

❖ Jurassic Gas/Condensate 
Discovery in Hudson Canyon with 
gas seeps along margin to south

❖ Up to 100 TCF potential in deep 
water



Transportation of additional 40 TCF gas to markets by 2030:   
LNG and Pipelines 

➢ Expansion of Power of Siberia (38 BCM in 2018 to China) to Pacific and 
Korea with total 93 BCM capacity

➢ Altai pipeline from Russia to Central China with 55 BCM capacity
➢ Russia-Japan pipeline with 55 BCM capacity
➢ Expansion of Central Asian pipeline from Turkmenistan to China from 55 

to 80 BCM
➢ TAPI (Turkmenistan to Pakistan/India) with 55 BCM capacity
➢ IPI (Iran to India/Pakistan) with 55 BCM capacity
➢ Expansion of TANAP to Russia and across Caspian to Turkmenistan, 

increasing capacity from 16 to 60 BCM
➢ Expand Myanmar-China line from 12 BCM to 30 BCM  

RUSSIA AND TURKMENISTAN ARE KEY TO PIPELINE EXPANSION USA, OFFSHORE AFRICA AND MIDDLE EAST ARE KEY TO NEW LNG

➢ Pipeline from Prudhoe Bay to Cook Inlet with 40 BCM LNG capacity
➢ New LNG facilities on US Gulf Coast and East Coast.  Pacific Coast 

facility makes sense for Asia market.  Total capacity 140 BCM.
➢ Senegal/Mauritania LNG with 55 BCM capacity
➢ LNG facilities in Tanzania and Mozambique totaling 140 BCM 

capacity
➢ Additional 220 BCM LNG facilities at North Dome/South Pars in 

Qatar and Iran
➢ LNG facilities of 70 BCM at Stockmanskoye in Barents Sea
➢ Brownfield expansion of 85 BCM LNG in Northwest Shelf Australia

Power	of	Siberia	
	

Altai	
	

Central	Asian	
	TANAP	

TAPI	

IPI	

Russia-
Japan	

Myanmar-China	
	

Russia-
Korea	

Russia-Turkey	



Three Major markets require gas to replace coal* 
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The additional 400 BCM/year after 2020 will 
come from pipelines in Central Asia and 
Russia, and LNG from the USA, Russia and 
Australia 

The additional 260 
BCM/year after 2020 will 
come from IPI and TAPI 
pipelines and LNG from 
East Africa and Middle 
East 

Continued production decline 
after 2020 countered by 
pipeline gas from Central Asia 
and LNG from Stockmanskoye
(Russia), West Africa, USA and 
Eastern Mediterranean 
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How to have a rational debate on climate change: 
Accept reality as starting point and look at total picture

• Atmospheric CO2 is at level not seen since early Tertiary and will result 
in summer ice free north polar region within 20 years, with significant 
change in northern hemisphere weather patterns and climate

• Realistic target is to flatten emission level in next decade and begin 
reduction after 2040, avoiding melting of Antarctic ice cap is essential

• Methane concentration is steadily rising. While mitigation efforts and 
declining coal production may slow increase in fossil fuel contribution, 
melting permafrost will be major and as yet unquantified addition. 

• World cannot just shut down hydrocarbon fuel use without grave 
economic and humanitarian consequences

• A solution needs to be found that allows for continued economic 
growth, especially in developing nations

• While renewable energy share will rapidly increase, there is a realistic 
limit  due to nature of source (seasonal) , infrastructure, economics 
and resources as to how rapid the increase can take place.

• Natural gas production increase to balance coal production cut offers a 
compromise that can achieve the emission target and utilize existing 
technology and resources in an economically acceptable scenario

• Rise in US production of gas and light oil from fracking of tight 
(including shale) reservoirs can be considered a positive factor in 
making this scenario achievable

• The country with #1 gas reserves and #2 gas production, Russia, 
needs to play important role in the solution as well as the #1 
greenhouse gas emitter, China.      

• Avoid incendiary debates that make no 
sense 

New York and Maryland “banned fracking” when 
Marcellus Shale is not prospective in either state

Take big picture view on effect of policies on emissions
✓ Shutting nuclear power plants in Germany has led 

to increased burning of coal
✓ Blocking natural gas pipelines in northeast USA 

leads to increased coal use in high demand periods 
and reduces LNG export possibilities

✓ Pacific LNG export facility in USA or Canada will 
provide more cost effective replacement of coal 
with gas in China and East Asia, reducing emissions

✓ Saving the worlds climate may need to be balanced 
against (and over) inter-country politics   

New York

Maryland

Source: Labyrinth Consultants

Marcellus well productivity

Pennsylvania

L



Paris Climate Agreement is seriously flawed and needs to be renegotiated

Key points in climate agreement: (signed 
November 2016)
➢ Limit temperature increase to 2 degrees C above global 

temperature in 1880, with hope(?)  to limit to 1.5 deg. C increase
➢ Each country to set internal goal, no enforcement mechanism
➢ Non-binding commitments to mobilize finances of $100 billion 

USD by 2025 to support growth of renewable energy and 
mitigate hardships of shift from fossil fuels

➢ Review of progress and targets every five years

Flaws in the agreement
➢ Goal is unrealistic and unachievable. Increase of 1.3 

degrees has already taken place.  To limit increase to 2 
degrees would require shutting down all fossils fuels in 
unrealistic timeframe which no country has pledged

➢ There is no mechanism to drive the shift to renewables and 
lower carbon emission hydrocarbons and no penalty for 
failure to achieve goals. (not surprisingly, in 2017, emissions 
resumed an upward path…)

➢ The voluntary goals do not solve the problem.  Developed 
nations that have already been reducing emissions are 
asked to continue to do so while the developing nations, 
especially China, the main emitter, can continue to 
increase.

➢ The agreement does not address cross nation funding.  
China is the main contributor to building coal fired 
emission plants in the rest of the developing world.   

An ineffective agreement can be worse than no agreement, because it can give the 
false impression that it is actually solving the problem



Geopolitical implications
Because of resources, emissions 

and effects of climate change, 
five countries/organizations will 

be the key to successfully 
addressing the challenge  

• USA: largest gas producer, 
second largest GHG emitter,   
third largest renewable+ 
nuclear producer

• China: largest GHG emitter, 
largest coal consumer, largest 
nuclear+ renewable producer 

• Russia: largest holder of gas 
reserves and second largest gas 
producer, 5th largest GHG 
emitter but also major producer 
of renewable+ nuclear energy

• South Asia (India, Pakistan 
and Bangladesh): forth largest 
GHG emitter and increasing, 
second largest coal consumer

• European Union: third largest 
GHG emitter, third in 
renewable+ nuclear energy 
production (but highest in 
proportion of energy 
produced), major coal 
consumer but decreasing  
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USA: Abdicating a Leadership Position
Through 2016, the USA had 
positioned itself for world 
leadership in addressing climate 
change 
❖ In the past 10 years, the USA has 

become the worlds largest producer 
of natural gas and ultra-light oils, 
making a “bridge solution of light 
hydrocarbons” an achievable goal

❖ NASA and NOAA provided much of 
the worldwide temperature, space 
and atmospheric data for the world 
to monitor climate change 

❖ The USA experienced the world’s 
greatest quantitative drop in CO2 
emissions with the shift from coal to 
natural gas for power generation

❖ Put in place aggressive regulations 
to force increased efficiency in 
mileage standards, to reduce 
ground transportation derived 
emissions

❖ Emerged as one of three major 
players (with EU and China)in 
developing low carbon energy 
sources

However, the USA apparently did not 
effectively use its leverage to force 
realistic and effective climate agreement
and increased gas flaring associated with 
tight oil production   

Counterproductive steps being 
taken by current political 
leadership
➢ Denial of obvious scientific fact 

gives cover to all who want to 
avoid difficult political and 
economic decisions

➢ Reducing funding for climate 
research and discouraging 
publication and new studies 
within agencies

➢ Attempt to subsidize coal 
makes no economic sense as 
well as being 
counterproductive  
environmentally

➢ Elimination of increased 
efficiency standards in 
transportation are 
counterproductive 
environmentally and result in 
US auto producers losing 
ground in technology

➢ Removal of incentives for low 
carbon energy sources takes 
USA out of leadership position 
for lucrative  future industry

➢ Leaving Paris Accord for wrong 
reason: Climate Change denial 
rather than trying to force 
better agreement

From an economic loss 
standpoint, the US has 5 
of the world top 10 cites 
at risk due to sea level 
rise
National Geographic 2014

By 2016, US electricity generation was divided into 1/3 coal, 1/3 
natural gas and 1/3 nuclear+renewable with coal rapidly declining

Biggest threats to USA from climate change:
▪ Extreme weather events: frequency has 

doubled in the past 20 years
▪ Heat: temperature rise in USA southwest 

will reach “Middle East” levels in coming 
decades

▪ Drought: mid-continent is vulnerable to 
extreme drought as circulation patterns 
weaken

▪ Sea level rise: East and Gulf Coast cities will 
face serious problems when Arctic ice 
melts,  elimination if Antarctic ice melts  



China: taking the some of the right steps but 
needs to do much more, and quickly 

• China accounts for 28% of world GHG 
emissions, by far the most of any 
country

• China is the worlds largest coal 
producer and consumes more than 
50% of the worlds total

• While China’s coal consumption has 
flattened, the “belt and road” 
initiative is subsidizing much of the 
world’s new coal generation power 
plant construction outside China!

• China’s “contribution” to the Paris 
Climate Accord is a 58% increase in 
CO2 emissions in 2030 from 2010 level

• With strong state support, 
China is now the world’s #1 
producer of 
renewable+nuclear energy

• China has overtaken the 
USA and EU to become the 
#1 producer and purchaser 
of electric transport 
vehicles

• The dramatic increase in 
coal consumption halted in 
2014 and has reached a 
plateau

Sea level rise due to melting of Antarctic ice 
would devastate China coast        National 
Geographic 2014

Steps China needs to take
➢ Commit to limit CO2 emissions 

to peak at 10 billion tons in 2025 
(increase of 8% from current 
level) with plateau and then 
decline after 2040 instead of 
Paris Accord pledge

➢ Halt subsidizing of construction 
coal fired power stations 
throughout developing world 
through “road and belt” 
initiative

➢ Prioritize construction and 
upgrading of gas pipelines and 
LNG terminals to facilitate 
doubling of gas usage by 2040

➢ Halt construction of new coal 
fired power plants in China and 
allow gradual decline of usage as 
older plants reach end of lifespan

➢ Continue focus  with goal of 
world leadership on 
development and production of 
nuclear+ renewable energy    



Geopolitical Opportunity and Challenge: Russia

North Polar Ice Pack : late summer 1979

North Polar Ice Pack : late summer 2016

The decreasing north polar ice 
cap has opened a vast area for 
exploration, production and 
transportation of 
hydrocarbons, mostly gas, for 
Russia 
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In order to supply China, Japan 
and Korea with gas to replace 
coal in power generation, four 
major pipelines originating in 
Russia should be constructed 
or extended by 2040 

Russia was the worlds worst offender 
in gas flaring with 700 BCF in 2017  
(15% of the world’s 5 trillion cubic ft.)

With the worlds largest gas reserves 
and potential and the second 
largest producer, Russia could be a 
major contributor to a “gas bridge 
scenario” by increasing production 
by 40% by 2040 and begin 
exploration of its Arctic shelf to 
extend production beyond that 
date.  However, the needed 
investment and technology means 
cooperation with the west, 
especially the USA.  Is this likely? 

Russia will need to eliminate gas 
flaring, reduce reliance on coal for 
15% of its electricity production and 
reduce its Paris Accord pledge of 
60% GHG increase in 2030 from 2010 
level

NASA

NASA

Russia’s second city, 
St. Petersburg, 
would be one of the 
first cities to 
inundated by rising 
sea level
National Geographic 2014



Geopolitical Challenges 
and environmental 

consequences: South Asia
• South Asia (India, Pakistan and 

Bangladesh) is among the world’s 
most vulnerable areas to climate 
change due to sea level rise and 
increasing temperature.  Yet India is 
among the most heavily dependent 
economies on coal for energy 
generation

• Water supply mostly comes from 
melting glaciers to north and monsoon 
from southeast. Both are at risk with 
climate change.

• Coal is utilized for 76% of India’s 
electricity generation.  India, Pakistan 
and Bangladesh will need to avoid 
building new coal fired power plants 
(financed by China) despite plans for 
continued economic growth and 
energy usage   

Moderate-severe 

Economic and humanitarian 
consequences of temperature 
rise of 2.2 degrees C by 2050
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Planned gas pipelines to Pakistan and India. 
Unprecedented political accommodations will be needed 
for projects to be completed

Sea level rise due to the 
melting of the Antarctic 
icecap would submerge 
most of Bangladesh as well 
as the two largest cities in 
India and largest in Pakistan 

NY Times, June 2018

National Geographic, 2014

South Asia is already suffering 
the effects of temperature rise

Climate Change Vulnerability 
Index: Effects by 2025. 
Maplecroft, 2014



EU: Trying to set an example

The EU, the worlds thirds largest GHG emitter is trying to set the example for the 
rest of the world in combatting climate change. It has put in place policies that by 
2020 will have reduced coal to about 20% of power generation and 
renewable+nuclear to 60%.  With only 10% of world emissions, the EU impact is 
greatest in setting an example and development and sharing of new technologies.

Steps the EU should be taking:
➢ Provide support for countries 

within EU with high GHG 
emissions in shifting from coal 
(Germany and Poland burn 
>50% of all EU coal) 

➢ Utilize financial strength and 
technology experience in 
support for shift away from 
coal to lower GHG energy 
sources in other areas of the 
world

➢ Obtain new gas supplies as 
domestic production declines 
instead of turning back to coal

Source: eur-lex.Europa.eu

Europe will be severely impacted by climate change
❖ Reduced circulation is already allowing extended 

periods of high pressure/heat in northern Europe 
summer

❖ Continued and accelerated melting  of alpine 
glaciers

❖ Continued melting of Greenland ice is producing 
cold water that may impact Gulf Stream and 
weather pattern in Northwest Europe

❖ Sea level rise will devastate capitals of Northwest 
Europe

Only “cold 
spot” in 2016 is 
water south of 
Greenland

Source: National Geographic 2014



Summary and Conclusions
• Climate Change is no “theory” but is occurring at present, will get worse and 

if not addressed in the coming decades, has the potential to reach  
catastrophic levels

• Due to technology advances and economics,  world oil and gas production is 
shifting to a mix of lighter hydrocarbons (low GHG emissions)

• A workable solution exists; reduce coal production and shift to the production 
of lighter hydrocarbons (gas and light to ultra-light oils) while increasing 
energy production by nuclear+ renewable sources that will allow CO2 
emissions to flatten in the next decades and decline after 2040.  This would 
allow CO2 atmospheric content to peak around or below 700 ppm, probably 
avoiding the melting of the Antarctic ice sheet.

• To accomplish this, an unprecedented level of world cooperation will be 
needed.  The defining question is how much worse climate change will have 
to advance before that consensus is reached.   

“if we do not deal with reality, reality will deal with us”


