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Challenges lead to Opportunities

A Positive Perspective

e Every challenge can be used to create a transformative change

e This Challenge is no different

e \We can pro-actively address it and create a far healthier, sustainable,
egalitarian society




Total Energy Consumption

e Total Energy Consumption = Population x (Per
Capita Energy Consumption)



World Population, Per Capita Energy consumption and
Total Energy Consumption
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http://www.aspo-usa.org/aspousad/proceedings/Hughes_David_Coal ASPOUSA2008.pdf



Population, Second Law of Thermodynamics and
Carrying Capacity

 Entropy or Disorder S scales with the system size. In
any activity or process AS > 0 by 2" [aw.

 More population means more materials under
human consumption implies larger AS.

e Larger AS means more destruction of carrying
capacity or environmental destruction.



Systems Analysis Model Future of Population
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Fixed GDP model: Elephants do not build houses, watch
television or own cars, they just eat, sleep, mate, reproduce



Energy Consumption and Population

e Total Energy Consumption = Population x (Per
Capita Energy Consumption)

* Increasing only Population continuously on a finite
earth even if we keep GDP fixed is IMPOSSIBLE



GDP and Energy Consumption

e Total Energy Consumption = Population x (Per
Capita Energy Consumption)

e Per Capita Energy Consumption directly scales with
Per Capita Gross Domestic Product (GDP)

e GDP = Fixed Assets + Consumption of Products
and Services + (Exports — Imports)



Most Technology just means bigger GDP
and more Energy Consumption
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GDP, Second Law of Thermodynamics and Carrying
Capacity

 Entropy or Disorder S scales with the system size. In
any activity or process AS > 0 by 2"9 [aw.

e More GDP means more materials under human
consumption implies larger AS.

e Larger AS means more destruction of carrying
capacity or environmental destruction.



Energy Consumption and GDP

* Total Energy Consumption = Population x (Per
Capita Energy Consumption)

* Increasing only Per Capita Energy Consumption
continuously on a finite earth even if we keep
Population fixed is IMPOSSIBLE



Consequences of Growth

* Total Energy Consumption = Population x (Per
Capita Energy Consumption)

* Increasing either Population or Per Capita Energy
Consumption or GDP will lead to Chaotic
destruction of Population and Orderly Civilization

e Can these be even kept constant?



Peak Energy: When you plot the production of an aggregate of oil
fields, it approximates a bell curve
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resources — Crude Oil, Natural Gas, Coal, Uranium, Old Water, metals, other minerals



Wait a minute! | thought renewables would save us!

N b A

»

No, because large amount of materials sourcing is already a
problem on a finite earth. Peak Materials!

We continuously increase both Population and GDP for
which no amount of materials will be enough.



Quote from Mahatma Gandhi

Quote: “Earth provides

- enough to satisfy every

- man's need, but not one
man's greed”

Now millions of us are
greedy.



Energy Quality: Energy returned on Energy invested

E

Energy
Extraction

Energy Return on Investment (EROI) = Em

in

Charles Hall, Pradeep Tharakan, John Hallock, Wei Wu and Jae-Young Ko,
Advances in Energy Studies Conference, Porto Venere, Italy, September 2002

We are lowering also EROI and hence net surplus energy

http://www.eroei.com/articles/the-chain/what-is-eroei/ Dr. Sanjay V. Khare| ¥



Renewables have lower EROI
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Renewables have lower energy density!
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No, because Energy returned on Energy Invested (EROEI) of
renewables is low as just seen

Even more so, as more materials peak, EROEI for renewables
goes lower!



To Maintain Order We Need Energy

AF = AU = TAS; natural systems want to minimize AF

If we want to oppose this trend we need constant
input of energy AQ = AU + AW

Life (Population) and material richness (high
GDP/capita) is impossible without energy

Steady GDP with decreasing energy is an
oXymoron or nonsense



Low EROEI and Culture
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Energy Efficiency and Embodied Energy

EMBODIED ENERGY

MATERIAL MJ/kg MJ/im3
Aggregate 0.10 1560
Straw bale 0.24 31
Soil-cement 0.42 818
Stone (local) 0.79 2030
Concrete block 0.94 2350
Concrete (30 Mpa) 1.3 3180
Concrete precast 2.0 2780
Lumber 25 1380
Brick 2.5 5170
Cellulose insulation 3.3 12
Gypsum wallboard 6.1 5880
Particle board 8.0 4400
Aluminum (recycled) 8.1 21870
Steel (recycled) 8.9 37210
Shingles (asphalt) 9.0 4930
Plywood 10.4 5720
Mineral wool insulation 14.6 138
Glass 15.9 37550
Fiberglass insulation 30.3 70
Steel 32.0 251200
Zinc 51.0 371280
Brass 62.0 519560
PVC 70.0 93620
Copper 70.6 631164
Paint 93.3 117500
Linoleum 116 150930
Polystyrene Insulation "7 3770
Carpet (synthetic) 148 84900
Aluminum 227 515700

NOTE: Embodied energy values based on several
international sources - local values may vary.

Increasing energy efficiency
often involves using materials
with higher embodied energy

Taken from various sources



Energy Efficiency and Embodied Energy

ltem Embodied energy (MJ/kg)Bl
Cadmium 17

Iron 20-25

Lead 25-50
Copper 30-90
Mercury (liquid) 90-180
Nickel 180-200
Aluminum 190-230
Magnesium 270-350
Silicon (electronics-grade) 1,000-1,500
Silver 1,500
Zirconium 1,600
Platinum 190,000
Gold 310,000

e https://energyeducation.ca/encyclopedia/Embodied_energy


https://energyeducation.ca/encyclopedia/Megajoule
https://energyeducation.ca/encyclopedia/Kilogram
https://energyeducation.ca/encyclopedia/Embodied_energy
https://energyeducation.ca/encyclopedia/Cadmium
https://energyeducation.ca/encyclopedia/Copper
https://energyeducation.ca/encyclopedia/Mercury_(element)
https://energyeducation.ca/encyclopedia/Nickel
https://energyeducation.ca/encyclopedia/Aluminum
https://energyeducation.ca/encyclopedia/Silicon

Energy Efficiency and Embodied Energy

Embodied energy

ltem (MJ/functional unit)4Lal
Hair dryer 79
Coffee maker 184
LCD monitor 963
Smartphone 1,000
PC tower 2,085
Washing machine 3,900
Laptop 4,500
Refrigerator 5,900
Digital copier 7,924
Cell tower 100,000

e https://energyeducation.ca/encyclopedia/Embodied energy


https://energyeducation.ca/encyclopedia/Megajoule
https://energyeducation.ca/encyclopedia/Embodied_energy

Efficiency and Renewables

e Efficiency will help just a little

e Renewables like wind, solar and geothermal energy
will help but just a little

e Population and high GDP/capita has to be reduced
first



Summation of all this data: Growth and Decline
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Problem Definition

Need to reduce Population implies decrease birth
rates or increase death rate!

Need to reduce energy consumption means reduce
GDP

GDP growth seems to improve quality of life

GDP growth is also destructive to carrying capacity



Consequences

e Current World Economy is unsustainable even for a
decade

e Current American lifestyle is unsustainable NOW

e What is the solution!



False-Assumptien-Irue Observation 1

s Contiruous GBbP arowth-meansHuman
Development

e Correct Observation 1: Quality of Life is related to
HDI

e Human Development Index HDI = (Life Expectancy +
Years of Schooling + GDP)/3

e Solution: Develop improved HDI and grow its value



EFalse-Assumption-True Observation 2

e Correct Observation 2: Most GDP growth means
Destruction Development-of Carrying Capacity

* Define an Environmental Development Index and
grow its value



Solution 1: More education = lower birth rates
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Solution 2: All Roads Lead to Reme
Voluntary Reduced Consumption and
Efficiency!

r"’@o‘”ﬂ




Solutions 3: Four types of wealth

e Human or individual
capital (self-

A | actualization, Maslow)

W|* Social orinter-

8 personal capital

#+ Natural or ecological

capital

 Material capital

Focus our values on Human, Social and Natural
capital. Move away from Material capital proactively



Solutions to all 4 problems
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Most Important Individual Solutions |

e Have less children, lower birth rates, educate
girls.

* Live in- or buy- as small a house one possibly
can.

e Eat purely plant based. Do not eat animals.

e Live, work and recreate as close to home as
possible.



Most Important Individual Solutions Il

 Reduce, Reuse, Recycle, Renew, Redistribute
* Educate others especially children
* Change work institutions like LEC and ES

 Transform all other institutions like: Schools,
Places of worship, NGOs, Sports teams etc.

* Influence elected officials



Destruction caused by Animal Agriculture

are livestock ™ S
® '] "

36% () |

are humans _ ' | _ |

From Y. M. Bar-On et al., PNAS 115, 6506 (2018).



Positives

e Less pollution, less climate change, great environment

e Whole food vegan, less illness of affluence

e More physical activity, less obesity

e Three generations of family live together so less daycare and no isolated old
age

e Slower lifestyle, less stress and aging, longevity

e Greater overall quality of life for all



Our actions will make the future

Which Future?
IvTad InTac
If we do nothing
Star Trek Techno-fantasy led
techno-fixes with
no basis in reality
The Beach If we work very hard

for 50 years!




Break for Questions

Then time for an
interactive session



Promises to be completed by October 2020

e | will increase my total food calories from plants up to 50% to 100%.
e | will buy/lease a smaller car on graduation.

e | will buy/rent a smaller apartment/house/condo

e | will reduce my gas usage by 10 to 20%.

e | will reduce my cosmetic usage by 30 to 40%.

e | will reduce my textile and clothing usage by 30%.

e | will reduce my electricity consumption by 5 to 10%.

e | will reduce my paper usage by 20%.

e | will reduce my gadgets usage by 20%.

e | will reduce my travel miles by 20%

e | will reduce my use of materials or energy in hobbies by 30%

e | will take shorter showers by 30%.



Thank You

References:

epostcarbon.org

ewww.resilience.org

eBook: Peak Everything by Richard Heinberg
eplantpoweredyouth.org

enutritionfacts.org

eastrol.panet.utoledo.edu/~khare/sustainability/inde
X.html



My own research

e Theory and computation

e Techniques: Quantum density functional theory, statistical mechanics,
classical molecular dynamics, Monte Carlo

e Close connection with experimentalists

e Materials range from thin film to bulk materials, from metals to
semiconductors, crystalline to disordered materials, and nano- to micro-
length scales

e Funding: NSF, DoE, DoD, State of Ohio

¢ Details: See http://astrol.panet.utoledo.edu/~khare/

e Current work in hard coatings and optical properties

e 3 Ph.D. students and 1 undergraduate


http://astro1.panet.utoledo.edu/%7Ekhare/

Human Development Index

Solutions: Correct definition of a good life

Less material consumption

More meaningful relationships with humans, plants, animals and location.
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A 10 TW-yr energy production in 2118 C.E.

eHuman population of 4 billion, using 75 GJ-year/capita

eDecrease in per capita energy use by 75% for Americans

e Per capita energy use goes for rest of the world remains the same
*20% from efficiency (10 TW becomes 8 TW)

*40% of energy from wind (3.2 TW)

*35% of energy from solar power, including PV, solar thermal and
solar thermal electric (2.8 TW)

*10% from hydroelectric (0.8 TW)
*10% from geothermal (0.8 TW)

*5% from biomass including wood, cow dung, human waste (0.4
TW)



What World Health Organization (WHO) Says

2 of 12 steps to healthy eating

eEat a nutritious diet based on a variety of foods
originating mainly from plants, rather than animals.

\WHO does not set particular limits for alcohol
consumption because the evidence shows that the
ideal solution for health is not to drink at all,
therefore less is better.

eSee http://www.euro.who.int/en/health-

topics/disease-prevention/nutrition/a-healthy-
lifestyle



http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle
http://www.euro.who.int/en/health-topics/disease-prevention/nutrition/a-healthy-lifestyle

What World Health Organization Says

10 more steps to healthy eating

1. Eat bread, whole grains, pasta, rice or potatoes several times per day.

2.Eat a variety of vegetables and fruits, preferably fresh and local, several times per day (at least
400g per day).

3.Maintain body weight between the recommended limits (a BMI of 18.5-25) by taking
moderate to vigorous levels of physical activity, preferably daily.

4.Control fat intake (not more than 30% of daily energy) and replace most saturated fats with
unsaturated fats.

5.Replace fatty meat and meat products with beans, legumes, lentils, fish, poultry or lean meat.
6.Use milk and dairy products (kefir, sour milk, yoghurt and cheese) that are low in both fat and
salt.

7.Select foods that are low in sugar, and eat free sugars sparingly, limiting the frequency of
sugary drinks and sweets.

8.Choose a low-salt diet. Total salt intake should not be more than one teaspoon (5g) per day,
including the salt in bread and processed, cured and preserved foods. (Salt iodization should be
universal where iodine deficiency is a problem)

0. Prepare food in a safe and hygienic way. Steam, bake, boil or microwave to help
reduce the amount of added fat.

10.Promote exclusive breastfeeding up to 6 months, and the introduction of safe and
adequate complementary foods from the age of about 6 months. Promote

the continuation of breastfeeding during the first 2 years of life.



Tables on World and US total and Per Capita
Energy Consumption

tons of coal

World _ _
Encray US energy
Consumption per | Consumption per
year year
TW-yr 15.936 3.0346
100 Quad Btu 4,762 0.90696
10 GTon O1l a c
Eq. 1.2002 0.2286
ExaJoules (EJ) 504.8 96.123
10 Giga 7.889 1.5708
Barrels of 01l
1 Giga short 19.051 3.6278
ton of coal
1 Giga metric 17.416 3.265

Worldenersy | US energy
consumptionper | consuanption per
capifa per year | capita per year

K1 131 0.02531

MBTU 69,09 196,639

TOF 1741 T4RI]

Gl [RML 31430

BOE 1145 513761

Shortton of coal | 2,764 118653

Metric ton of coal | 7,488 104788




Solutions: Mitigation

Urgency &
Type of Effort Jgency
Importance
Conservation and efficiency, personal and societal High

Rapid deployment of existing technology, public
transport, electric-transport, wind, solar-heat and High
photovoltaic, geothermal

Raising awareness by scientists and engineers of

locals, media and policy makers High

Medium term

Applied engineering research
PP J NG res (5 — 10 years)

Fundamental research done today will have scaled Long Term
Impact after 20 years (10 — 20 years)




Solutions: Priorities (USA)

-Massive public education for demand reduction
(target 50 to 80% per capita in 20 years)

-Reactivate electric trains, trams, trolleys, buses; Upgradei =
electric grid

-World War Il type effort for car and truck batteries, solar, wind,
geothermal, and wave energy

-World War |l type effort for energy conservation in homes and
buildings, lighting, CAFE standards

-Buying locally produced goods where possible, home
gardens, vegan food choices

-Greater use of arable land for growing crops such as oilseed
willow for wood pellets, forest generation ?

-Stop corn ethanol immediately

-Tackle population growth



Solutions: What can | do immdediately?

 Worship, Prayer, Secular Meditation
— Brings about a relaxation neural response, good decision making, avoids panic

e Work on:
— Getting educated yourself first
— Reducing your liquid fuels consumption by 50% to 80%
— Educating family, friends, co-workers, policy-makers
— Form community support networks
— Contacting your local, state, and federal representatives
— Trying to reduce consumption in your line of work
— Changing careers from energy consuming to energy producing industries
— Participating and influencing the media

e Teach children about these issues to continue dialogue into future
generations



Scale of consumption, 100 Q = 10%° )

World Energy Needs will Grow Significantly

1.286

Projections to 2030 are from the
Energy Information Administration,
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1. Total Primary Energy Supply - TPES

World

Evolution from 1971 to 2007 of world total primary energy supply
by fuel (Mtoe)
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Key World Energy Statistics, International Energy agency , 2009
Dr. Sanjay V. Khavre | 9




1973 and 2007 fuel shares of TPES
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Key World Energy Statistics, International Energy agency , 2009
Dr. Sanjay V. Khavre | 9




Different Well Discovery and Production
Times ==> Peak in Production Curve

HUBBERT CURVE
Regional Vs. Individual Wells
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Oil discoveries in the US peaked
- then 40 years later production peaked

Discovery peak

Production peak

4

B0 10 1990 190 2010 X&U

Adapted from Collin Campbell, University of Clausthal Conference, Dec 2000



http://www.peakoilandhumanity.com/chapter_choice.htm

Same Chart: Now a new projects analysis

World Oil Supply (Crude 0il + Natural Gas Liguid) and Megaproject Contributions . 1
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July 2008 posting and Wiki
Oil Mega Projects database.

Peak oil is imminent.
Will happen in < 5 years!

I Resource Base Conventional crude peaked in 2005.

I 2003
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I 7005
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[ ]2009
[ 2010
12011
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[ ]2013

1995

It is already in the past tense!

Decline after peak will be
> 2% to 5%/year!

2000 2005 2010 2015 2020

...the world will peak between 2010-2015

Adapted from: Richard C. Duncan and Walter Youngquist


http://www.theoildrum.com/

Peak Production ot US coal
Similar trends for World coal (Reaver and
Khare, Int. J. Coal Geol. 131, 90 (2014))

D
o

E=—31Western
@ Appalachian
— lllinois Basin
mmmm G UIf Coast

Great Plains
=smee Best Fit Peak 2006
== = m Pegk 2018
=== =Peak 2003

N N
L= & |

—
o

Quadrillion BTU per Year
on

‘I'IIl
uLM-é

1800 1840 1880 1920 1960 2000 2040 2080
Year

L= & |



WORLD GAS PRODUCTION MODEL Fig. 4
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Uranium Supply

The figure summarizes the present supply situation

kt Liranium
100 T — . WEC 2006-Afemative Policy Scenario
Q0 180 — 260 kt Uranium -
Uramium Stocks: L
80 appr. 200 kt Uranium g WEO 2008 Referance Scenario

?D Fusl demarnd

E'ﬂ of rescstors

1950 2000 2050 2100

Year
*1 IR = Infemad Resourcas

Uranium Resources and Nuclear Energy by Energy Watch Group, December 2006

Dr. Sanjay'V. Khare



1973 and 2007 fuel shares of TPES

1973 2007
Combustible Combustible
ydro WEEWElm Hyelo n:gljevmbles
1.8% washe % st
10,45 _Other 22% 9gr  Oher
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Key World Energy Statistics, International Energy agency , 2009
Dr. Sanjay V. Khavre | 9




To Maintain Order We Need Energy

dF = dU — TdS; natural systems want to minimize dF.

If we want to oppose this trend we need constant
input of energy dQ = dU + dW.

Life and material richness is impossible without
energy.

Sustainable GDP growth with decreasing energy is
an oxymoron or nonsense



Materials from fossil fuels: Plastics, textiles,
pharmaceuticals, paints, dyes, asphalt

No easy scalable substitute for oil

Easy means low EROEI



http://www.peakoilandhumanity.com/chapter_choice.htm

Renewable Energy and Materials: Wind

Total reserves of Neodymium = Myy; = 8x10%°Kg
Mass of Nd required to produce 1 MW energy = mpg4 = 275 Kg
9
Total power produced =% X 10 W = 8X1§ x10°W = 29 TW
Nd

Total energy produced per year =29 TW-yr X Capacity factor = 7.25 TW-yr



Renewable Energy and Materials: Cars

TOYOTA PRIUS CALCULATION :

Mass of Neodymium required for 1 car = Mpyg = 1kg

Mass of Dysprosium required for 1 car = Mpy = 0.1kg
Total reserves of Neodymium = Mpg = 8x10°% kg
Present production of Dysprosium per year = Mp,, = 1x 10° kg
Hence number of cars produced using Neodymium = Z’;Z = 8x1109 = 8 billion

But mass of Dysprosium required for this is =8x10°%x 0.1 =8x10%kg



Table of embodied energy of consumables

Utility $1 =360 MJ2
Transportation $1 =37 MJp
Other expenses $1 =252 MJ°
Red meat 1kg =2131 MJ
White meat 1kg = 663 MJ
Dairy 1kg =481 MJ
Rice 1kg =220 MJ
Vegetables 1kg =90 MJ
Miscellaneous food 1kg =159 MJ

a — price of 1 kWh electric power is assumed to be $0.10.

b — price and energy content of a gallon gasoline is assumed to be $4 and 149 MJ respectively.

c — It is assumed that other expenses consume a fraction (1/3) of energy from gasoline and the
remaining (2/3) from utility electric power at rates of $4 for gasoline and $0.10/kWh for electric
power.



Impact: Economic, Social and Cultural

GMS ==> Steady or Shrinking Economy

Industries

Tourism |

Entertainment (movies in theaters, sports, theme parks, shopping) |
Restaurants |

Transportation (cars, trucks, oil-ships vs. electric (trains and cars), sail-ships)
Banking & Finance |

Law & Health Services |

Housing (Suburban long commute vs. urban walking), Education  «—
Farming, Solar, Wind, Geothermal, Lumbering, Energy equipment T

Family Structure

Grandparent-Parent-Child relationship
Husband-Wife relationship
Neighbor-Neighbor relationship (less house mobility)



Per year oil consumed = 1 mile3 =50 years of
power of each of these!!

At ywaw Far 540 yeiars])

Nuclear

Solar panels
fzach weas Tar DO years)

Source: H. Goldstein and A. Sweet, IEEE Spectrum Online, Jan. 2007.



Oil has high energy per unit mass!

e 1 gallon =37.63 kW-hr = 32408.3 Food-cal
= 11 able-bodied young men working a full day.

e World yearly consumption
« 31 GBalyr = 4.216 Gtoe = 5.593 TW-yr/yr

» US yearly consumption

e 7.665 GBal/yr =1.04244 Gtoel/yr = 1.382 TW-yr/yr =3
times the US yearly electricity consumption.

1 toe = 4.1868 x 10° Joules; 1 Ba =42 gallons = 0.136 toe

1 Ba=0.136 X 4.1836 X 1010 J = 5.6896 GJ = 1.5805 MW-hr = 65.85 kW-day
= 180.42 W-yr



Material Wealth means a type of Order

Wealth for a mushroom is decaying matter
Wealth for a plant is fertile soil, water, sunlight

Wealth for a deer Is green grass, water
Wealth for a lion is lots of deer, water

Wealth for humans is a certain type of order In
the nearby environment. Of course this means
creating more disorder elsewhere.



To Maintain Order We Need Energy

Increasing order means decreasing entropy in
the nearby human environment

This implies increasing useful energy flow
through the economic system

Life and material richness is impossible without
energy

Sustainable GDP growth with decreasing
energy Is an oxymoron or nonsense



No spare capacity AND
Net exports are decreasing!
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Abu

Dubai

Iran

Iraq

Kuwait Neutral

Saudi

Venezuela

Year Dhabi Zone  Arabia

1980 28.0 1.4 58.0 31.0 65 6.1 163 18
1981 29.0 1.4 57.5 30.0 66 6.0 165 18
1982 30.6 1.3 57.0 29.7 65 5.9 165 20
1983 30.5 1.4 55.3 41.0 64 5.7 162 22
1984 30.4 1.4 51.0 43.0 64 5.6 166 25
1985 30.5 1.4 48.5 445 5.4 169 26
1986 30.0 1.4 479 44.1 5.4 169 26
1987 31.0 1.4 48.8 47.1 5.3 167 25
1988 5.2 167

1989 52 170

1990

1991

1992

1993

1994

1995

1996

1997

1998
1999
2000
2001
2002

Spurious
OPEC
Reserve
(GBOE)
Revisions



Sheet1

				Scientific		Promote		Phase 1		Phase 2		Final										Abu		Dubai		Iran		Iraq		Kuwait		Neutral		Saudi		Venezuela

		High		150		250		100		100		100								Year		Dhabi										Zone		Arabia								Past		Future		Production

		Mean		100		150		50		80		100								1980		28.0		1.4		58.0		31.0		65		6.1		163		18				1930		7.68				1.33

		Low		85		100		45		75		100								1981		29.0		1.4		57.5		30.0		66		6.0		165		18				1931		8.62				1.42

																				1982		30.6		1.3		57.0		29.7		65		5.9		165		20				1932		3.36				1.47

																				1983		30.5		1.4		55.3		41.0		64		5.7		162		22				1933		3.43				1.54

																				1984		30.4		1.4		51.0		43.0		64		5.6		166		25				1934		2.65				1.65

																				1985		30.5		1.4		48.5		44.5		90		5.4		169		26				1935		9.51				1.74

																				1986		30.0		1.4		47.9		44.1		90		5.4		169		26				1936		11.22				1.81

																				1987		31.0		1.4		48.8		47.1		92		5.3		167		25				1937		34.49				1.91

																				1988		92.2		4.0		92.9		100		92		5.2		167		56				1938		31.39				1.95

																				1989		92.2		4.0		92.9		100		92		5.2		170		58				1939		36.28				2.05

																				1990		92.2		4.0		92.9		100		92		5.0		258		59				1940		14.02				2.07

																				1991		92.2		4.0		92.9		100		95		5.0		258		59				1941		10.24				2.18

																				1992		92.2		4.0		92.9		100		94		5.0		258		63				1942		3.18				2.07

																				1993		92.2		4.0		92.9		100		94		5.0		259		63				1943		3.55				2.24

																				1994		92.2		4.3		89.3		100		94		5.0		259		65				1944		7.80				2.54

																				1995		92.2		4.3		88.2		100		94		5.0		259		65				1945		8.06				2.56

																				1996		92.2		4.0		93.0		112.0		94		5.0		259		65				1946		6.73				2.71

																				1997		92.2		4.0		93.0		112.5		94		5.0		259		72				1947		51.03				2.98

																				1998		92.2		4.0		89.7		112.5		94		5.0		259		73				1948		55.81				3.37

																				1999		92.2		4.0		89.7		112.5		94		5.0		261		73				1949		56.38				3.36

		Figure 1		The Evolution of Reserve Reporeting by an Oil Company.																2000		92.2		4.0		89.7		112.5		94		5.0		261		77				1950		20.41				3.76

				Only phases 1, 2 and 3 enter the public domain giving the illusion of																2001		92.2		4.0		89.7		112.5		94		5.0		261		78				1951		16.25				4.22				Figure 3		Past Discovery after ExxonMobil (Longwell). Future Discovery extrapolated

				reserve growth.																2002		92.2		4.0		89.7		112.5		94		5.0		261		78				1952		27.36				4.46

																																								1953		21.34				4.75

																				Figure 2. Spurious reserve increases by cvertain OPEC countries																				1954		28.58				4.94

																						marked in bold face. Note too implausibly unchanged estimates																		1955		24.86				5.57

																																								1956		35.17				5.96																																																										Figure 4		Alternative scenarios of Regular Oil supply

																																								1957		41.23				6.25

																																								1958		45.05				6.39

																																								1959		38.05				6.94

																																								1960		47.18				7.51

																																								1961		50.19				8.01

																																								1962		49.33				8.68

																																								1963		55.21				9.31

																																								1964		55.54				10.13																								Figure 5 Base Case Scenario of the supply of all types of oil and gas.

																																								1965		56.83				10.80

																																								1966		36.89				11.73

																																								1967		33.81				12.62

																																								1968		32.91				13.76

																																								1969		37.25				14.73

																																								1970		34.86				16.15

																																								1971		30.83				17.26

																																								1972		26.25				17.86

																																								1973		25.80				20.03

																																								1974		28.31				20.54

																																								1975		34.83				19.36

																																								1976		41.18				20.57

																																								1977		41.32				21.15

																																								1978		37.58				21.17

																																								1979		28.42				21.95

																																								1980		25.35				20.90

																																								1981		20.74				19.49

																																								1982		18.53				18.41

																																								1983		19.27				18.34

																																								1984		16.94				18.68

																																								1985		14.69				18.55

																																								1986		14.56				19.40

																																								1987		14.76				19.39

																																								1988		17.49				20.02

																																								1989		16.70				20.94

																																								1990		20.17				21.11

																																								1991		18.21				20.95

																																								1992		15.78				20.90

																																								1993		10.10				20.88

																																								1994		10.09				21.12

																																								1995		12.14				21.57

																																								1996		12.82				22.08

																																								1997		12.80				22.81

																																								1998		14.03				23.05

																																								1999		13.81				22.44

																																								2000		12.72				23.22

																																								2001		8.79		8.79		23.09

																																								2002				8.31		22.07

																																								2003				7.85		22.0679

																																								2004				7.42

																																								2005				7.01

																																								2006				6.62

																																								2007				6.26

																																								2008				5.92

																																								2009				5.59

																																								2010				5.28

																																								2011				4.99

																																								2012				4.72

																																								2013				4.46

																																								2014				4.21

																																								2015				3.98

																																								2016				3.76

																																								2017				3.56

																																								2018				3.36

																																								2019				3.18

																																								2020				3.00

																																								2021				2.84

																																								2022				2.68

																																								2023				2.53

																																								2024				2.39

																																								2025				2.26

																																								2026				2.14

																																								2027				2.02

																																								2028				1.91

																																								2029				1.80

																																								2030				1.70

																																								2031				1.61

																																								2032				1.52

																																								2033				1.44

																																								2034				1.36

																																								2035				1.28

																																								2036				1.21

																																								2037				1.15

																																								2038				1.08

																																								2039				1.02

																																								2040				0.97

																																								2041				0.91

																																								2042				0.86

																																								2043				0.82

																																								2044				0.77

																																								2045				0.73

																																								2046				0.69

																																								2047				0.65

																																								2048				0.62

																																								2049				0.58

																																								2050				0.55
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		1930		0.02031225				0.0000000003		0.0762975771		0.8477508561

		1931		0.01752				0.0000000004		0.0778546705		0.865051894

		1932		0.01752				0.0000000005		0.0794435413		0.8827060143

		1933		0.017739				0.0000000007		0.081064838		0.9007204228

		1934		0.02042175				0.0000000009		0.0827192225		0.9191024722

		1935		0.02228325				0.0000000011		0.0844073699		0.9378596655

		1936		0.023214				0.0000000015		0.0861299693		0.9569996587

		1937		0.028032				0.000000002		0.0878877238		0.976530264

		1938		0.02819625				0.0000000025		0.0896813508		0.996459453

		1939		0.03066				0.0000000033		0.0915115824		1.0167953602

		1940		0.020805				0.0000000043		0.0933791657		1.0375462859

		1941		0.03399975				0.0000000057		0.095284863		1.0587206999

		1942		0.0222285				0.0000000074		0.097229452		1.0803272448

		1943		0.026937				0.0000000097		0.0992137266		1.1023747396

		1944		0.038544				0.0000000126		0.1012384965		1.1248721833

		1945		0.0485085				0.0000000165		0.1033045883		1.1478287585

		1946		0.058204725				0.0000000215		0.1054128452		1.1712538352

		1947		0.0651963				0.0000000281		0.1075641277		1.1951569747

		1948		0.0732993				0.0000000367		0.109759314		1.2195479333

		1949		0.072352125				0.0000000479		0.1119993		1.2444366667

		1950		0.0820155				0.0000000626		0.114285		1.2698333333		0.0009007371

		1951		0.09332685				0.0000000817		0.13413		1.4903333333		0.0011259214

		1952		0.09882375				0.0000001066		0.14532		1.6146666667		0.0014074018

		1953		0.09577965				0.0000001392		0.159615		1.7735		0.0017592522

		1954		0.1026015				0.0000001818		0.172305		1.9145		0.0021990653

		1955		0.11826				0.0000002373		0.200595		2.2288333333		0.0027488316

		1956		0.13587855				0.0000003098		0.198255		2.2028333333		0.0034360395

		1957		0.1527525				0.0000004045		0.21114		2.346		0.0042950493

		1958		0.14262375				0.0001421481		0.237435		2.6381666667		0.0053688117

		1959		0.147825				0.0001872046		0.25902		2.878		0.0067110146

		1960		0.15521625				0.0005567953		0.28116		3.124		0.0083887682

		1961		0.1603686167				0.0063112954		0.302085		3.3565		0.0104859603

		1962		0.1815456492				0.0102602246		0.329385		3.6598333333		0.0131074503

		1963		0.1874141834				0.0107406686		0.363945		4.0438333333		0.0163843129

		1964		0.1898652259				0.0110606559		0.394125		4.3791666667		0.0204803911

		1965		0.217846197				0.0074797104		0.422475		4.6941666667		0.0256004889

		1966		0.2247147074				0.0143504191		0.460395		5.1155		0.0320006111

		1967		0.2370307051				0.0288685618		0.49986		5.554		0.0400007639

		1968		0.2891118672				0.066106181		0.54213		6.0236666667		0.0500009549

		1969		0.2966248603				0.0740249889		0.594165		6.6018333333		0.0625011936

		1970		0.304754195				0.0823938217		0.585819		6.5091		0.078126492

		1971		0.33462835				0.0794781464		0.629208		6.9912		0.097658115

		1972		0.34830125				0.0726866511		0.7072128		7.3668		0.1085090167

		1973		0.24264835				0.0722068556		0.802638		7.869		0.1205655741

		1974		0.16736345				0.0701026829		0.8602686		7.96545		0.133961749

		1975		0.15818735				0.0691626331		0.8910126		7.8159		0.1488463878

		1976		0.22143455				0.0624547193		0.994032		8.2836		0.1566804082

		1977		0.20818505				0.0562036309		1.0445652		8.2902		0.1649267454

		1978		0.4109462				0.3064739656		1.1288178		8.55165		0.1736071005

		1979		0.22744245				0.4796195947		1.17189968		8.4920266667		0.1827443163

		1980		0.1428975				0.5551131191		1.22595648		8.5135866667		0.1923624382

		1981		0.17335675				0.60437867		1.25850816		8.73964		0.202486777

		1982		0.2284535				0.6153797022		1.24260864		8.6292266667		0.2131439758

		1983		0.22799725				0.6190425098		1.2475008		8.6632		0.2243620798

		1984		0.201699				0.6342784815		1.36124352		9.45308		0.2361706103

		1985		0.21803275				0.6359726358		1.40357952		9.74708		0.2486006425

		1986		0.251023275				0.6762500426		1.43359104		9.9554933333		0.2616848868

		1987		0.269510525				0.6922709512		1.50556224		10.4552933333		0.2754577756

		1988		0.2524705				0.7323304086		1.56774912		10.8871466667		0.2899555533

		1989		0.2506601				0.7145746168		1.61874048		11.2412533333		0.3052163718

		1990		0.294582375		0.017306352		0.6722021314		1.69068		11.73019		0.3212803914

		1991		0.3369461		0.020584476		0.6550308967		1.761855		11.9237516667		0.3381898857

		1992		0.356021		0.029789612		0.6482553175		1.81551		11.99847		0.3559893534

		1993		0.36297425		0.045578824		0.6083835032		1.8907		12.1985033333		0.3747256351

		1994		0.35384925		0.074013531		0.5819183005		1.93158		12.3297016667		0.394448037

		1995		0.38629775		0.0974258		0.5714175312		2.002025		12.5673883333		0.41520846

		1996		0.4115375		0.124827036		0.5345778957		2.03524		13.13513		0.4370615368

		1997		0.46302805		0.188654075		0.51418262		2.088165		13.140425		0.4600647756

		1998		0.491748075		0.264259		0.4362102665		2.14109		13.387525		0.4842787111

		1999		0.440921825		0.348144029		0.4016653302		2.16007		13.6711016667		0.5097670644

		2000		0.513628		0.428191591		0.3948243537		2.279		14.2511983333		0.5365969099

		2001		0.5582675		0.9169		0.3913068638		2.3779549539		14.6787342833		0.5648388525

		2002		0.66312835		1.1755275839		0.3918516454		2.5400081804		15.1190963118		0.5945672131

		2003		0.779477137		1.3237888813		0.3974086062		2.709644441		15.5726692012		0.6258602244

		2004		0.8992866773		1.8594414601		0.4091796307		2.8871728699		16.0398492772		0.6588002362

		2005		0.9593382883		2.4042331224		0.4286637665		2.973788056		16.5210447555		0.6934739328

		2006		1.0049026542		2.7579689122		0.4576966052		3.0630016977		17.0166760982		0.7299725608

		2007		1.053818521		3.0184511864		0.4984710774		3.1548917486		17.5271763812		0.7683921693

		2008		1.1063453641		3.0447261279		0.5535182334		3.2495385011		18.0529916726		0.8088338624

		2009		1.1627631056		3.0954101918		0.6256149185		3.3470246561		18.5945814228		0.8514040657

		2010		1.2233737364		3.1339155389		0.7175717766		3.4474353958		19.1524188654		0.896214806

		2011		1.278957818		3.181540396		0.8318441513		3.5508584577		19.7269914314		0.9433840063

		2012		1.3304789979		3.2152211291		0.9699101275		3.6573842114		20.3188011744		0.9930357961

		2013		1.3767247966		3.1861233737		1.1313915629		3.7671057377		20.9283652096		1.045300838

		2014		1.4165592456		2.9872627995		1.3129779956		3.8801189099		21.5562161659		1.1003166716

		2015		1.4489737661		2.8716896849		1.5073645274		3.9		21.6666666667		1.1582280754

		2016		1.4731352414		2.4867346886		1.7026113492		3.9		21.6666666667		1.2191874478

		2017		1.4977799463		2.1688527671		1.8824799751		3.9		21.6666666667		1.2833552082

		2018		1.5229175452		2.0088764044		2.028229008		3.9		21.6666666667		1.3509002192

		2019		1.5485578961		1.8251739188		2.1219063237		3.9		21.6666666667		1.4220002307

		2020		1.574711054		1.5818780402		2.1504111187		3.9		21.6666666667		1.4968423481

		2021		1.6013872751		1.2819148861		2.1089193905		3.9		21.6666666667		1.5756235243

		2022		1.6285970206		1.1229975025		2.0022309482		3.9		21.6666666667		1.6585510782

		2023		1.656350961		0.9843374469		1.8434223566		3.9		21.6666666667		1.7458432402

		2024		1.6846599802		0.8618038134		1.6504214114		3.9		21.6666666667		1.8377297266

		2025		1.7135351798		0.7554119006		1.4419450454		3.9		21.6666666667		1.9344523438

		2026		1.7318116847		0.6644919411		1.2342070989		3.9		21.6666666667		2.036265625

		2027		1.7503419576		0.5878246254		1.0391225085		3.9		21.6666666667		2.1434375

		2028		1.7691299563		0.5118297387		0.863971027		3.9		21.6666666667		2.25625

		2029		1.7881797067		0.4347746887		0.7120376499		3.9		21.6666666667		2.375

		2030		1.8074953035		0.3909504622		0.583674686		3.9		21.6666666667		2.5

		2031		1.8270809123		0.1887885334		0.477377801		3.9		21.6666666667		2.55

		2032		1.8469407704		0.1589195602		0.390664937		3.9		21.6666666667		2.601

		2033		1.8670791879		0.1341885477		0.3206982214		3.9		21.6666666667		2.65302

		2034		1.8875005499		0.1136434376		0.2646730156		3.9		21.6666666667		2.7060804

		2035		1.9082093169		0.0965107249		0.2200298582		3.9		21.6666666667		2.760202008

		2036		1.9292100267		0.0821670365		0.1845467383		3.9		21.6666666667		2.8154060482

		2037		1.9505072961		0.0701116737		0.1563582595		3.9		21.6666666667		2.8717141691

		2038		1.9480158214		0.0599424294		0.13393479		3.9		21.6666666667		2.9291484525

		2039		1.9482393811		0.0513353879		0.1160430247		3.9		21.6666666667		2.9877314216

		2040		1.9509419364		0.0440285898		0.1017007401		3.9		21.6666666667		3.04748605

		2041		1.9559116233		0.0378090767		0.0901327141		3.705		20.5833333333		3.108435771

		2042		1.962958345		0.0325027343		0.0807311511		3.51975		19.5541666667		3.1706044864

		2043		1.9719116052		0.0279663706		0.0730218276		3.3437625		18.5764583333		3.2340165761

		2044		1.9826185589		0.0240815465		0.0666360236		3.176574375		17.6476354167		3.2986969077

		2045		1.9949422575		0.0207497633		0.0612877408		3.0177456562		16.7652536458		3.3646708458

		2046		2.0087600701		0.017888692		0.0567554867		2.8668583734		15.9269909635		3.4319642627

		2047		2.0239622627		0.0154292047		0.0528678678		2.7235154548		15.1306414154		3.500603548

		2048		2.0404507197		0.0133130203		0.0494922833		2.587339682		14.3741093446		3.5706156189

		2049		2.0581377936		0.0114908256		0.0465261059		2.4579726979		13.6554038774		3.6420279313

		2050		2.0769452695		0.0099207638		0.0438898311		2.335074063		12.9726336835		3.7148684899



Conventional Oil

Heavy etc

Deepwater

Polar

NGL

Natural Gas

Non-Con Gas

Annual Production Gboe

OIL & GAS
2002 Base Case Scenario
Gas at calorific equivalence

1.33021142

1.4159515

1.4724905

1.54082245

1.6502722

1.7367932559

1.8144074536

1.9063870669

1.9541111546

2.050495218

2.0718771532

2.1767115034

2.0737916114

2.2351891226

2.5444976869

2.5555762125

2.7097517435

2.9809252879

3.3711267214

3.357304366

3.7621604931

4.2243591033

4.4645486298

4.7544472182

4.939796906

5.5659779274

5.9603887683

6.2549800719

6.3927699941

6.9357793095

7.5116909679

8.0132089601

8.6847438355

9.314418102

10.1307480572

10.7973843076

11.7271583892

12.6237843908

13.7552107567

14.7308107953

16.1451760213

17.2587469093

17.8609864151

20.026462458

20.5443060136

19.3619234275

20.567508929

21.1538584963

21.1699494724

21.9509463315

20.9003519463

19.4890762066

18.4089205386

18.3386434248

18.6784964761

18.5506728388

19.4016954335

19.394415155

20.0240596236

20.943088388

21.107028797

20.9495985593

20.8991194548

20.8791334247

21.1187276401

21.5705028814

22.0775288924

22.8139597535

23.046518275

22.438559125

23.2158145062

23.0884312286

22.0677955131

22.0679

22.0679

22.0679

22.0679

22.0679

22.0679

22.0679

22.0679

21.5018788719

20.9537959794

20.4196837199

19.8991859819

19.3919557312

18.8976547796

18.4159535593

17.946530903

17.4890738303

17.0432773384

16.608844199

16.1854847604

15.7729167539

15.3708651058

14.9790617543

14.5972454701

14.2251616831

13.8625623118

13.5092055985

13.1648559478

12.8292837697

12.5022653264

12.1835825832

11.8730230632

11.5703797053

11.2754507266

10.9880394876

10.707954361

10.5402686044

10.2687404012

10.0042838031

9.7467106418

9.4958379619

9.2514878663

9.013487366

8.7816682358

8.5558668739

8.3359241666

8.1216853571

7.9129999185



		1930		2002		2002		2002		2002		2002

		1931		2003		2003		2003		2003		2003

		1932		2004		2004		2004		2004		2004

		1933		2005		2005		2005		2005		2005

		1934		2006		2006		2006		2006		2006

		1935		2007		2007		2007		2007		2007

		1936		2008		2008		2008		2008		2008

		1937		2009		2009		2009		2009		2009

		1938		2010		2010		2010		2010		2010

		1939		2011		2011		2011		2011		2011

		1940		2012		2012		2012		2012		2012

		1941		2013		2013		2013		2013		2013

		1942		2014		2014		2014		2014		2014

		1943		2015		2015		2015		2015		2015

		1944		2016		2016		2016		2016		2016

		1945		2017		2017		2017		2017		2017

		1946		2018		2018		2018		2018		2018

		1947		2019		2019		2019		2019		2019

		1948		2020		2020		2020		2020		2020

		1949		2021		2021		2021		2021		2021

		1950		2022		2022		2022		2022		2022

		1951		2023		2023		2023		2023		2023

		1952		2024		2024		2024		2024		2024

		1953		2025		2025		2025		2025		2025

		1954		2026		2026		2026		2026		2026

		1955		2027		2027		2027		2027		2027

		1956		2028		2028		2028		2028		2028

		1957		2029		2029		2029		2029		2029

		1958		2030		2030		2030		2030		2030

		1959		2031		2031		2031		2031		2031

		1960		2032		2032		2032		2032		2032

		1961		2033		2033		2033		2033		2033

		1962		2034		2034		2034		2034		2034

		1963		2035		2035		2035		2035		2035

		1964		2036		2036		2036		2036		2036

		1965		2037		2037		2037		2037		2037

		1966		2038		2038		2038		2038		2038

		1967		2039		2039		2039		2039		2039

		1968		2040		2040		2040		2040		2040

		1969		2041		2041		2041		2041		2041

		1970		2042		2042		2042		2042		2042

		1971		2043		2043		2043		2043		2043

		1972		2044		2044		2044		2044		2044

		1973		2045		2045		2045		2045		2045

		1974		2046		2046		2046		2046		2046

		1975		2047		2047		2047		2047		2047

		1976		2048		2048		2048		2048		2048

		1977		2049		2049		2049		2049		2049

		1978		2050		2050		2050		2050		2050

		1979

		1980

		1981

		1982

		1983

		1984

		1985

		1986

		1987

		1988

		1989

		1990

		1991

		1992

		1993

		1994

		1995

		1996

		1997

		1998

		1999

		2000

		2001

		2002



Past Production

Scenario "Very High"

Scenario "High"

Scenario "Base Case"

Scenario "Low"

Scenario "Very Low"

Year

Production [kb/d]

World Oil Production

3644.4148493151

61788.5148466596

61788.5148466596

61788.5148466596

61788.5148466596

61788.5148466596

3879.3191780822

63024.2851435928

62406.3999951262

61788.5148466596

61170.629698193

60552.7445497264

4034.2205479452

64284.7708464646

63030.4639950774

61788.5148466596

60558.923401211

59341.6896587318

4221.431369863

65570.4662633939

63660.7686350282

61788.5148466596

59953.3341671989

58154.8558655572

4521.2936986301

66881.8755886618

64297.3763213785

61788.5148466596

59353.8008255269

56991.7587482461

4758.3376873394

68219.513100435

64940.3500845923

61788.5148466596

58760.2628172717

55851.9235732811

4970.9793248129

68219.513100435

65589.7535854382

61788.5148466596

58172.6601890989

54734.8851018155

5222.9782654844

68219.513100435

65589.7535854382

61788.5148466596

57590.933587208

53640.1873997792

5353.7291907767

68219.513100435

65589.7535854382

61788.5148466596

57015.0242513359

52567.3836517836

5617.7951179048

68219.513100435

65589.7535854382

60143.6387812968

56444.8740088225

51516.0359787479

5676.3757621781

68219.513100435

65589.7535854382

58549.8323535925

55880.4252687343

50485.715259173

5963.5931598991

68219.513100435

65589.7535854382

56998.2617962223

55321.6210160469

49476.0009539895

5681.6208532463

66005.7563280858

65589.7535854382

55487.8078586224

54768.4048058865

48486.4809349097

6123.8058152412

63855.94884448

63485.8476707413

54017.3809503689

54220.7207578276

47516.7513162115

6971.2265394753

61776.1605906153

61456.8399791844

52585.9203551841

53678.5135502493

46566.4162898873

7001.5786644801

59764.111040179

59492.6793734496

51192.3934657717

53141.7284147468

45635.0879640896

7423.9773793374

57817.5939436003

57591.2933406742

49835.7950389288

52610.3111305994

44722.3862048078

8166.9185968512

55934.4749088573

55750.6756055062

48515.1464703972

51167.442683406

43827.9384807116

9235.9636203336

54112.6890610758

53968.8840131543

47229.4950889316

49756.2446141976

42951.3797110974

9198.0941533432

52350.2387783565

52244.0384800938

45977.9134690749

48383.967387738

42092.3521168754

10307.2890222647

50645.1915013455

50574.31901027

44759.4987621445

47049.5375671842

41250.5050745379

11573.5865843594

48995.6776141466

48957.9637747018

43573.3720449476

45751.9113210813

40425.4949730472

12231.6400815895

47399.8883942539

47393.2672524623

42418.6776857565

44490.0736068459

39616.9850735862

13025.8827895607

45856.074029253

45878.5784310736

41294.582727084

43263.0373767691

38824.6453721145

13533.6901533948

44362.5416981203

44412.2990644165

40200.2762848162

42069.8428059178

38048.1524646722

15249.2545954985

42917.6537150125

42992.8819863178

39134.9689632686

40909.5565413306

37165.9700070026

16329.832241837

41519.8257335145

41618.8294780351

38097.892285742

39781.2709719207

36302.97618344

17136.9317037361

40167.525009374

40288.6916879171

37088.2981401698

38684.1035185151

35460.0210764605

17514.4383399097

38859.2687198187

39001.0651015712

36105.4582394553

37617.1959434744

34636.6393870651

19002.1350946417

37593.6223376142

37754.591060925

35148.6635961098

36579.7136793534

33832.3766204974

20579.9752546337

36369.1980580781

36547.9543306178

34217.2240108128

35570.8451760769

33046.7888353695

21953.9971510321

35184.6532773265

35379.8817102113

33310.4675745263

34589.8012661207

32279.4423986122

23793.8187274914

34038.689120084

34249.1406907529

32427.7401838014

33635.8145472011

31529.9137461164

25518.9537040451

32930.0490154428

33154.5381542765

31568.4050689306

32708.1387819892

30797.7891489316

27755.4741292444

31857.5173190098

32094.9191148658

30731.842334604

31806.048314382

30082.6644848934

29581.8748152344

30819.9179799297

31069.1654999547

29917.448512737

30928.8375018713

29384.1450155542

32129.201066172

29816.1132513234

30076.1949705761

29124.6361271494

30075.8201635697

28701.845168293

34585.7106597317

28845.0024427278

29114.9597793165

28352.83326978

29246.3290434585

28035.3883234853

37685.5089225092

27905.5207131681

28184.4456647696

27601.4831881308

28439.7152884399

27384.4066066139

40358.3857404928

26996.6379035402

27283.6707813235

26870.0438836453

27655.3479407847

26748.5406852084

44233.3589625951

26117.3574070219

26411.6846631524

26157.9877207287

26892.6134445779

26127.4395704978

47284.2381077065

25266.7150762752

25567.5672213181

25464.8010461294

26150.9151657764

25520.7604236709

48934.2093563457

24443.778166241

24750.4277729248

24789.983818407

25429.6729255043

24928.1683666332

54867.0204327792

23647.6443113665

23959.4041013021

24133.0492472192

24728.3225462189

24349.33629716

56285.769900402

22877.4405361453

23193.6615462245

23493.5234421679

24046.3154103942

23783.9447083399

53046.3655548572

22132.322297883

22452.3921232071

22870.9450709505

23383.1180313755

23231.6815122123

56349.3395314286

21411.472560641

21734.8136709494

22264.8650265703

22738.2116360702

22692.2418674987

57955.7767021527

20714.1008993409

21040.1690260259

21674.8461033662

22111.0917591473

22165.3280113354

57999.8615682357

20039.4426330494

20367.7252239541

21100.462681627

21501.2678484301

21650.6490949122

60139.5789903563

57261.2382090268

53394.7293332221

50435.3987357638

50242.8586980642

51173.9629482147

50823.7612021582

53155.3299546871

53135.3839861883

54860.4373250432

57378.3243508025

57827.4761561439

57396.1604363159

57257.8615199865

57203.1052732374

57859.5277810574

59097.2681682363

60486.3805270548

62503.9993246575

63094.1709589041

61429.7038270548

63560.315640625

63212.4367496094

61788.5148466596



		





		






Thermodynamics — Second Law

< . Glenn
Lvy Second Law of Thermodynamics Research

Heat Transfer

AS = Entropy = &T—Q

There exists a useful thermodynamic variable called entropy (S).
A natural process that starts in one equilibium state and ends
in another will go inthe direction that causes the entropy of the
system plus the emwironment to increase for an imeversible
process and to remain constant for a reversible process.

S;= 8. (reversible) S;> S, (imeversible)

http://www.grc.nasa.gov/WWW/K-12/airplane/thermo.html

Dr. Sanjay'V. Khare E

TOLEDQO



My own research

e Theory and computation

e Techniques: Quantum density functional theory, statistical mechanics,
classical molecular dynamics, Monte Carlo

e Close connection with experimentalists

e Materials range from thin film to bulk materials, from metals to
semiconductors, crystalline to disordered materials, and nano- to micro-
length scales

e Funding: NSF, DoE, DoD, State of Ohio

¢ Details: See http://astrol.panet.utoledo.edu/~khare/

e Current work in hard coatings and optical properties

e 2 Ph.D. students and 1 undergraduate


http://astro1.panet.utoledo.edu/%7Ekhare/

First crude oil found < 150 years ago

Before the first oil well was dug in

Pennsylvania in 1859, Nature had
made about two trillion barrels of
oil and scattered it unevenly
around the world.

By 2008 we’ve used up about one
trillion. In other words we’re near
the half-way point.

“Hubbert's Peak: The Impending World Oil Shortage”, Kenneth S. Deffeyes



An oil well isn’t like a car’s fuel tank

Gasoline use

0 time

With a car you can drive at full
speed until the moment you run
out of fuel.




Sequence of Emotional Reactions

Steps

e Surprise and Shock

e Denial of Problem

e Anger

e Bargaining “Give me some time”
e Depression

e Acceptance or Surrender

e Adaptation and Creative Action

Adapted from “On Death and Dying,” Elisabeth Kubler-Ross
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Industrial Civilization Lifetime about 200 years
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