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Is it real?
• A warming of 10F recorded 

since the late 18th century

• The collective wisdom of the 
best scientists: global temp. 
may increase 3 to 80F in the 
next 100 years

• Human activity causes most of 
the observed and projected 
warming



Will oil and gas run out soon?

• Oil supply “infinite”; depending on price …

- At $15/bbl, some light oil profitable

- At $20/bbl, heavy oil attractive
- At $30-40/bbl, oil from coal (SASOL)
- At $50+/bbl, renewable energy
- At some price, gas from chemistry (C+H)

• Heavy oil, tar sands, shale oil, coal liquids,      
unconventional gas – all depend on $$, technology

Courtesy: Maurice Dusseault



World Oil Endowment (OOIP)
(Total:  9-13 Trillion Barrels)

Extra Heavy 
and Bitumen

55%

Conventional Oil
30%

Heavy Oil
15%

Source:  MacGregor, 1996 and  UNITAR, 1998



Conventional vs. unconventional oil reserves
(billion bbls)
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Energy economist Mark Jaccard

• Winner of Canada’s Donner Prize

• New book: Sustainable Fossil Fuels

• Argues that hydrocarbons in the form of oil, gas, 
and coal, exist in such abundance, that challenge 
of technology is how to burn them cleanly, not to 
how to survive without them





Concerns on the horizon

• Per IEA/DOE, world energy needs to rise 51% by 
2030 due to industrialization, population growth

• Add up all the CO2 emissions from oil/gas/coal 
power plants that will be built to meet energy  
demand and scientists see an environmental 
nightmare in the making

• Alternatives, e.g. solar and wind will remain small

• Nuclear option on the rise, politically unacceptable



How a greenhouse works



A Few “Firsts”

• 1827: Frenchman Fourier uses the 
analogy of a greenhouse 

• 1863: Irishman Tyndall finds that water 
vapor acts as a greenhouse gas 

• 1890s: American Chamberlain -- CO2
build up may cause global warming

• 1890-1940: Some scientists see the American Dust Bowl as a        
sign of the greenhouse effect at work 

• 1940-1970: Worldwide cooling of 0.2 °C. Some climatologists 
predict a new ice age 
• 1980+  Evidence mounts that the Earth is warming, not cooling
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Primary causes of 
global warming

#1. Caused primarily by burning 
fossil fuels in power plants, 
cars, factories, houses 

#2. Methane from rice paddies, 
both ends of animals, garbage 
in landfills, mining operations

#3. Nitrous oxide (from 
fertilizers, other chemicals)

10F



Often quoted evidence of global warming

• Etching from 1850 showing 
glacier above the town of 
Argentière, France 

• Photograph from 1966, 
showing the valley above 
town is ice free





Methane Hydrate…
as it burns,

only water drips …

•Looks like snow

•Ignites as easily as gasoline

•It is far more plentiful in   
nature than natural gas



Methane hydrates -- where are they 
found?  Everywhere



Methane hydrates and the Bermuda 
Triangle

• 1998 conf. on Earth Sciences at 
Cardiff, Wales; Dr. Clennel proposed: 

• Methane hydrates explain mysterious 
disappearances of ships and planes

• Claimed that subterranean landslides 
can unlock vast beds of methane

• “…would make any floating ship sink 
like a rock.” …”gas could ignite hot 
aircraft engines”



I may not be pretty but I am happy
(methane hydrate bug)





Transporting natural gas – a biker’s approach

Source: China Newsphoto/Reuters/Corbis



Animals produce a lot of methane

• Story from a Yorkshire paper

• An English vet used a flexible tube to 
treat a gas-swollen cow

• A nearby observer smoked pipe 

• Gas caught on fire – jet flame

• Stable burned – £33,000 loss

• Not clear what happened to cow

• Story retold by the vet himself  to his 
drinking buddy, Mr. John Edwards, of 
Sheffield, England, who wanted credit 
for this story



“Engineering Climate” -- MIT

• Researchers working on 
microbes that could help 
livestock pass less methane

• Livestock that generate  
methane, account for more 
than 50% of New Zealand’s 
greenhouse gas emissions

MIT Magazine of Innovation: Engineering Climate, March 2006



• Well documented 
increase of CO2

• Correlates well with T

• Observed glacier melt

• Kyoto agreement

#1 concern -- global climate change



N. America – 20,000 years ago

• America’s last glaciation -- ice thickness in meters

• Greater coastlines because sea level about 120 m lower



Europe 20,000 years ago

• European geography  during 
the last glaciation

• Ice thickness in meters

• Cold polar waters extended 
far south into the Atlantic

• Lower sea level -- English 
Channel and much of the 
North Sea were dry land

• Note the permafrost line



Europe 20,000 years ago at the height of the last 

Ice Age -- seas were 400 feet lower than today

PBS, NOVA program, Jan. 2003



"The farther backward you can look,
the farther forward you are likely to see"

- Winston Churchill-



Evidence from ice cores

• Retrieving ice core from drilling to 
900 ft in Greenland

• Arctic and Antarctic ice cores hold 
Earth's climatic history in snow, 
trapped air bubbles, volcanic dust, 
other

Data on global temperature reached 125,000 years. 

At that time the Earth was in a warm period and moving   
into the ice ages that ended about 10,000 years ago



Paleoclimatology

• It is the study of past climate 
for times prior to instrumental 
weather measurements 

• “Paleo” (ancient) + climate

• How is it measured?

-- Corals

-- Fossil pollen 

-- Tree rings

-- Ice cores

-- Ocean sediments



Excellent correlation of global T and CO2
concentration over 400,000 years

Industrial 
revolution

20,000

Source: Intergovernmental Panel on Climate Change (1990, 1995, 2001)



Excellent correlation of global T and 
CO2 concentration over 20,000 years

Industrial 
revolution

Source: Intergovernmental Panel on Climate Change (1990, 1995, 2001)



Source: http://www.planktos.com/carbon.htm

The past 120 years
(Industrial revolution period )

WWII



The famous “Hockey Stick” -- millennial temperature data from 
AD 1000 to 2000 (IPCC)



Unsteady
solar activity

• Multimillion-degree gas fountains 
on the Sun 

• Hundreds of thousands of miles 
high (note Earth for size);  loops 
temp. up to 9 million 0F

• Blast energy into space at 
irregular intervals



Solar cycles

• Well established solar cycles 
– 11 years

• There may be much longer 
and unknown solar cycles



SOHO Extreme Ultraviolet Imaging Telescope

(in four filters/wavelengths)



Three natural forces that together
lead to periodic ice ages on Earth

• Changes of Earth’s orbit around the sun:

� the shape of Earth’s orbit -- it   
elongates   every 100,000 years

� the tilt of the Earth’s axis – it changes 
from 22° to 24° every 40,400 years

� the wobble of the Earth’s axis –

it wobbles in a circle every 23,000 years



7650F
4070C



Explosive population growth



The rate of population growth



Starve the people to feed the cars
(Washington Post, Sept. 10, 2006)

• Brazil, world’s largest exporter 
of sugar, converts half of its 
crop to ethanol; caused 
doubling of sugar price in 2 yrs

• Meat producers fear there may 
not be enough corn to feed 
animals; shortages in milk, 
eggs, beef, pork

• Everything we eat can be 
converted to fuel

• Whenever food value of a crop 
drops below its fuel value, the 
market will convert it into fuel



Published Estimates of ultimate of world              
oil recovery (how much is there?)



Most recoverable resources should become economical
at oil prices significantly below current level



Prof. Golay, MIT

• It will become necessary to impose “heavy 
restrictions and taxes on fossil fuel use”

• That’s because the world will not be able to  
produce non-emitting energy technologies that 
are economically superior to fossil  energy

• “Fossil fuels are abundant and inexpensive and 
they will still be (abundant and inexpensive) 
when everybody in this room dies”

Source: mit.edu/news office/nuclear-0502.html



Prof. Richard Lindzen, MIT

• NAS prepared voluminous report with a brief 
summary at the request of White House

• “The changes observed over the last several decades 
are likely mostly due to human activities, but we 
cannot rule out that some significant part of thee 
changes are a reflection of natural variability”

• CNN and media still declared that the report 
presented a “unanimous decision that global warming 
is real, is getting worse and is due to man”



Prof. Richard Lindzen, MIT

• Concern about global warming is best understood as a fad

• Many assertions are accepted as facts without critical 
analysis by the vast majority

• Many people follow a herd mentality

• Alarm, rather than genuine scientific curiosity, is essential 
to maintain funding

• Only the most senior scientists (usually retired and in no 
need of funding) can stand up against the alarmist gale, 
and defy climate scientists, advocates, and policy makers



Renewable energy? Not so simple!

Ironically, environmentalists stopped a 170 MW wind  
farm off Nantucket island, Massachusetts.   Why?   
NIMBY ! 

• Ugly, will affect tourism, economy

• Will spoil fishing grounds

• Vibrations will scare some bird species, fish and 
whales

• Magnetic field from power cables to confuse migrati ng         
whales and turtles, whale beaching 



NIMBY and BANANA
• What used to be termed NIMBY (Not-In-My-

Backyard), evolved into BANANA (Build-
Absolutely-Nothing-Anywhere-Near-Anything)

• Increasingly applied to facilities of any type, incl. 
low income housing, cellular phone towers, sports 
stadiums, water treatment facilities, churches, 
airports, waste facilities and even new fire houses

• Nuclear power plant? Forget it!

• Approvals of even an urgently needed facility can 
take  more than a decade. Many case histories.



Energy rating

ENERGY STAR program protects the 
environment through energy 
efficiency, saves energy and money

Last year alone, the ENERGY STAR 
program helped avoid greenhouse 
gas emissions equivalent to that of 12 
million cars –while saving $6 billion



Geopolitical Issues

• Oil routes -- target of terrorist 
attacks (pipelines, ships, terminals)

• Hijacking, kidnapping & targeted 
killings of oil experts and executives

• Blackmail

•• Result Result –– market instability market instability 

•• Future: much higher oil pricesFuture: much higher oil prices

• A war for oil?
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