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Why this course for physicists?

Physicists are meant o have a better than average chance of being
able to identify problems, apply riﬁor‘ous analysis to quan‘rifxir\g, and
identifying interdependencies within that problem, establishing a

set of solUtions and the consequences of those solutions.

All three components of that ‘perfect storm’ of Fr‘oblems have the
potential to massively disrupt our society. All three have their
roots in science and technology. All three have the roots of
solutions in science and technology - and how these can be applied.

Our goal is to understand what is known, and what is not known about
the environment now, and projecting into the future.

- To anticipate risks and opportunities by examining the underlying
physical principles

- To see how physics reality, and its inherent uncertainties, guide,
limit and constrain political and social response

- To apply our alleged relative sophistication in unbiased analysis to
what might be the most serious threats fo society presently around

Ail

Aims and Objectives

To introduce students to the application of core physics concepts to issues
related o energy and the environment, with special focus on: energy productio
use and conversion; factors influencing the Earth's temperature; environmentall
monitoring techniques. The course should develop students’ Eroblem solving
abjlities, provide practice in the applications of physics and help o develop a
critical awareness of the wider context of aspects of science and technology.

Objectives:

To understand the physical basis of the main sources of energy for human use.
To be familiar with the factors influencing energy consumption and its true
costs in the past and the issues determining future trends.

To understand how spectroscopy and detection technology may be used for
monitoring environmental processes and pollutants.

To be able to discuss the main factors influencing Earth's temperature
To understand the origin and action of the "greenhouse effect”

To understand the influences of CO2 and water vapour feedback on radiative
forcing and Earth temperature

To understand the origin of winds and ocean currents

To understand how solar energy can be converted into thermal, kinetic,
electrical or chemical energy,and the function of a photovoltaic cell

To calculate the efficiency of solar thermal and solar photovoltaic energy
converters using heat engine models

To understand the production of electricity from wind, wave, tidal and
hydroelectric resources.

- “perfect storm’ of problems
have the potential to massively
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This would normally result in
society trying fo find ways to
mitigate. However, 'risk
perception’ is not the same as

r

to make the two converge to a
allow rational and cost

effective measures to be
formulated and executed.

Risk and Risk Perception

US Military Spending: 1946-2002

Down From Peak Levels-But Still at Cold War Levels

isrupt our society’
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isk' and it is a physicist's job
with other disciplines - to try

Clinton approved an increase for the Pentagon of $112 billion over 6 years .. .

and_$6.6 billion for Star Wars deployment over 6 years to the Pentagon budge

and 1-year Pentagon budget boost is $12.6 billion in fiscal year 2000 alone . . .

and that the combined annual military budgets of the Pentagon's rogue states -
North Korea, Iraq and Iran -- totals less than $9 billion

Let's look at the perceived threat has been addressed over the last 50 years.




Risk Perception How Physicists Can Contribute

Personal risks: Ralph Hertwig, PhD, of the University of Basel "People can arrive
at relatively accurate esfimates as long as they rely on their personal
experiences of the frequencies of such events ...However, when they start
sampling from the virtual world as created by the mass media, they are more
likely to arrive at distorted estimates of likelihood."
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The findings suggest that people aren't horribly off the mark as long as they do
not rely on media reports and stick to what's happened Toc}:eople ‘they know.
Journal of Experimental Psychology: Learning, Memory and Cognition (APA).

Global Warming

“"Regressed-frequency mechanism" assumes that people base their health risks qlutions
on automatically encoded frequency information arising from a goulash of
various exposures -Because it's hard fo reliably process all that information,
however, feople's estimates shift toward the average value in a category, a
statistical phenomenon called "regression toward the mean."

As a result, small frequencies (such as dying from vitamin overdose) are
overestimated and large frequencies (such as dying from rectal cancer) are
underestimated.

The implications for our response to potentially catastrophic events is profound

http://www.apa.org/releases/healthrisks.html see also Journal of Experimental
Psychology: Learning, Memal;’y and Cognition published by the American
Psychological Association (APA).

Peak Oil

Supply dependency

Course synopsis

A. Energy consumption, resources, trends

Introduction

Course Structure

World population and energy usage JH
John Hassard Arnaud Czaja Jenny Nelson John Hassard Energy consumption details 1-7
Future trends in resources, population and energy usage
Room 504 Room 726 Room 1007 Room 504 Environmental Spectroscopy, methods in the atmosphere and water;
Blackett Lab Huxley Lab Blackett Lab Measuring Greenhouse Gas Emissions: Ground based techniques; Satellite observations.
J perialacuk| | a.czajo@imperial.ac.uk enny. Lacuk | perial.ac.uk

B. What controls the Earth surface temperature?
The “greenhouse effect": pristine form
The “greenhouse effect” modified: role of convection and surface evaporation
Surface temperature response to CO2 increase.

Introducti Water vapour feedback AC
nrroducrion . . . Role of atmospheric circulation: the tropics
Main drivers Global Warming Solar solution Conclusions Role of ocean circulation: the Gulf Stream and the sea-ice albedo feedback 8-14

C. Production of winds and currents
The atmospheric heat engine
The ocean is not a heat engine!

D. Conversion of solar energy
The solar resource.
Absorption of sunlight in matter and Solar Conversion routes.

Solar Thermal energy conversion, IN
Semiconductor background.
Solar photovoltaic energy conversion. 15-22

Implementation of photovoltaic energy conversion.
Solar chemical energy conversion. Photosynthesis

Tue 9-10, Thur 10-11 Tue 9-10, Thur 10-11, Fri 16-17 Tue 9-10, Thur 10-11, Fri 16-17 Tue 9-10, Thur 10-11, Fri 16-17 Biomass.

E. Wind, Wave, Tidal and Hydroelectric power.

JH
6. Conclusions 23-26

Russia cuts U

Warming May Spawn More Super-Storms
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Exam

The exam in the summer (and the retake) will have the following
format :

ENVIRONMENTAL PHYSICS
Half Unit - Two hours.
The paper consists of fwo sections: A & B.

Section A contains one question, comprising of small parts. (20
marks tota

Section B will contain four smaller questions on selected parts of
the course. (20 marks each)

Candidates are required to:
Answer ALL parts of Section A and two of Section B

The Earth is Getting Warmer '

-

How big is the problem ?

International energy consumption in 1998:
population(m) KWHh/ year/

population vs energy consumption
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Countries wittaspire to Westernstandards

capita
Norway 4.42 25304
Canada 30.30 16349
Sweden 8.85 15492
USA 269.09 13388
Japan 126.49 8008
France 58.85 7175
UK 59.24 5800
Saudi Arabia  20.74 5153
Russia 146.91 4873
S. Africa 41.40 4509
Brazil 165.87 1850
Mexico 95.68 1644
Turkey 64.75 1439
Egypt 61.67 900 hiip:earthirends.wri.org/s
China 1238.60 871 qarchable. dblindex.cm?t
India 979.67 415 heme=68variable_ID=351
Sudan 28.35 47 &action=select_countries

by raising their energy consumption

The problem is not the developing world

Historical & Projactod U.S. Population

A very large
proportion of historical
GHGs came from the
developed world

Fngen asmnn-on

Some countries are
still growing fast, and per capita use is also increasing

But the solution must encompass the
developing world

GHGs= Green House Gases

Total Energy Use

- In 1996 the total ener?y used in the world was 8380
mtoe (million tons of oil equivalent) which is about 400
million terajoules.

+ The growth of the amount of energy used has been
very rapid. It can been expressed as the product of
two factors, the growth in the population and the

rowth in the enem used per person. It can be seen
hat it is the gro in energy use per person which

has been and will be the driving force more than the
population increase.

hito:waww dii aov uk/enerav/inform/enerav stats/total enerav/index. shiml




International Energy Annual 2002, DOE/EIA-0219(2002)

- ional Energy Outlook 2005  Report #: DOE/EIA-0484(2005) Released Date: July 2005
e ingple
orld Total Primary Energy Consumption by Region, Reference Case, 1990-2025 (Quadrillion Btu)
1990 02 15 20

2001 2010 2025

Mature Market Economies
North America 1.4 100.9 1152 117.7 1342 1436 1529 162.1

United States 1.3 84.6 96.3 98.0 1106 117.6 125.1 1324

Canada 1.6 114 12.8 13.4 15.6 16.9 17.8

Mexico 2.2 5.1 6.1 6.6 8.0 9.1 10.0 10.9
Western Europe 0.5 59.9 68.0 67.4 702 722 73.4 76.1
Mature Market Asia 0.7 227 28.0 28.4 304 315 325 336
Japan 0.5 18.3 21.9 220 229 23.6 24.1 247
Australia/New Zealand 1.4 45 6.1 65 75 7.9 8.4 8.8
Total Mature Market 1.1 183.6 211.2 213.5 234.7 247.3 258.7 271.8
Transitional Economies
Former Soviet Union 1.6 60.9 42,0 424 497 53.9 57.2 61.0
Russia 1.4 39.1 27.7 275 31.3 335 357 37.9
Other FSU 1.9 21.8 143 14.9 18.4 204 215 23.1
Eastern Europe 17 15.3 1.4 1.2 13.3 145 15.6 16.7
Total Transitional 1. 76.2 53.4 53.6 63.0 68.4 72.8 777
Emerging Economies
Emerging Asia 35 515 84.7 88.4 133.6 155.8 1763 196.7
China 4.1 27.0 409 432 73.1 86.1 97.7 109.2
India 33 8.0 13.8 14.0 19.6 227 26.0 293
South Korea 2.1 38 8.0 8.4 10.6 1.8 127 135
Other Asia 2.9 127 21.9 229 30.3 35.1 39.9 446
Middle East 2.5 13.4 209 220 28.7 324 356 38.9
Africa 2.7 9.3 125 127 16.7 19.3 21.4 23.4
Central and South America 2.3 145 212 21.2 26.8 30.4 332 36.1
Brazil 25 5.8 8.4 86 10.2 116 132 15.1
Other Central/South America 2.3 8.8 127 126 16.6 18.8 20.0 211
Total Emerging 3.2 88.4 139.2 144.3 205.8 237.8 266.6 295.1

Total World 2.0 348.2 403.9 4115 503.5 553.5 598.1 644.6

—— United States 1.3
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Global Warming

+ This section introduces the concepts of
global warming.

+ It will be explored fully by Dr Czaja
later in the course.

* The Solar Solution to renewable energy
production will be detailed by Dr Nelson
in the third part of the course

In 1896, Svante Arrhenius, a Swedish chemist, was the first
to advance the theory that emissions of carbon dioxide (CO,)
would intensify the Earth's natural greenhouse effect and
thus warm the planet.

"One may now ask, How much must the carbonic acid vary according to our
figures, in order that the temperature should attain the same values as in
the Tertiary and Ice ages respectively?

"A simple calculation shows that the temperature of ... ... coxconennmon
the Arctic regions would rise about 8 degrees or 9 (xarvs rex miviox)
degrees Celsius, if the carbonic acid increased 2.5 to

3 times its present value. In order to get the

temperature of the ice age between the 40th and -
50th parallels, the carbonic acid in the air should sink—

to 0.62 to 0.55 of present value (lowering the Gronar Temrsaaruns Deviation (*C)
temperature 4 degrees to 5 degrees Celsius).” g mpeE 5o ('C)

f
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http://earthobservatory.nasa.gov/Library/Giants/Arrhenius/arrhenius_2.html

http://www.longman.co.uk/tt_secsci/resources/scimon/arrhenius/arrh_main.htm

Since then, carbon dioxide and other so-called greenhouse
gases have been building up rapidly in our atmosphere,
primarily due to deforestation and the burning of coal, oil
and gasoline in power plants, automobiles and factories.

These polluting activities release more than 25 billion tons of
carbon dioxide into our atmosphere annually, and natural
processes are unable to absorb all of what we emit, hence
the 30 percent rise in atmospheric carbon dioxide since pre-
industrial times, and the 145 percent rise in the second most
important greenhouse gas, methane.

Dr Czaja will give us the facts.
http://www.bp.com/genericsection.do?categoryld=92&contentld=7005893

http://earthguide.ucsd.edu/globalchange/global_warming/03.html
http://www.eia.doe.gov/




What we learnt last lecture

1) Convergence almost unique in human history of
three forces which get to the heart of our
society. According to the consensual view:

- Primary energy resource depletion has begun
- Remaining energy sources potentially unstable

- The consequences of using those resources is altering
the climate 1Ber‘haps irrevocably, certainly to the
detriment of the environment

2) Science has crucial role to play in establishing a
solution, if there is one.

First job is to understand the problem (Dr $zaja)

and then to nrovide a solution (Dr Nelson

Oil Has Peaked in Most Places
Non-OPEC, non-FSU Oil \ Has and is D g
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Population Pressure

the 2400 years between 1600 BC and 800 AD,
the population tripled from 0.06 billion to 0.2
billion, but in the last hundred years the
population has more than tripled from 1.5
billion in 1890 to 5.3 billion in 1990. In mid-
1998 the total world population was estimated
to be 5.93 billion people.

The population growth rate was about
0.047% per year over the first period but
was 0.7% in 1890, and between 1975 and
1990 was 1.72% per year.

For 1990 - 1995. the annual growth rate
has decreased substantially being 1.48%

UN best estimate 11.5 billion 2100
and maximum of abo
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Non-OPEC, non-FSU Oil Production Has Peaked and is Declining

« http://news.independent.co.uk/environment/article339928.ece

oil fields > 500m
bbl equiv.

number
found

2000 2001 2002 2003

year

The peak of oil discovery was as long ago as 1965.

The world's 877 giant oil and gas fields are those with 500 million
bbl of ultimately recoverable oil or gas equivalent. Remarkably,
almost all of these 877 giant fields, which by some estimates
account for 67% of the world's petroleum reserves, cluster in 27
regions, or about 30%, of the earth's land surface




HISTORICAL TEMPERATURE RANKINGS
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Heat waves
2005 has been one of the hottest on record, with eight of the past 10 years at the top of the charts in terms of high temperatures.
NASA's Goddard Institute for Spate Studies has concluded th 2005 is the warmest year in recorded history,

while the National Oceanic and Office call it the second-hottest after 1998.
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Idealized hurricane simulations
Aggregale resulls: 9 GCMs, 3 basins, 4 paramelerizalions, 6-member ansemblas

T T - T -, — T -
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It is certain that uncertainties remain - these are
reflected in the range or results in the many scenarios.

These are due to the complexity of the science, and the
uncertainties about other possible contributors.

Current

Cald, Saline
Battorn Current
The resent large-scale ocean current system determines climate to a great sxent. The huge

“canweyar belt” reacts extrem ely sensitively to glabal tem peralire chares accom paming
each increase and decrease in the conkent of carbon diox de in the atm asphere. - Broecker

http://www.ldeo.columbia.edu/edu/dees/ees/climate/slides/ocean_index.html

One example of unproven hypotheses

Global surface temperature has increased about
0.5C since 1975, and it is commonly assumed that
this warming will continue or accelerate.

Scientists at the Goddard Institute for Space
Studies argue that observed warming has been
driven mainly by non-CO, greenhouse gases. It would
be practical to halt the growth of these gases.

They suggest a scenario in which an international
focus on reducing air pollution, especially
tropospheric ozone and black carbon aerosols, which
would help unite the interests of developed and
developing countries and slow global warming.

Gas sources annual increase contribn

CO, Fossil fuels (77%) 0.5% (353 ppmv) 55%
Deforestation (23%)

CFCs solvents 4% (764 pptv) 24%
refrigerants

CH, gas leakage 0.9% (1.72 ppmv) 15%
Rice paddies

enteric fermentation

N,O biomass burning  0.58% (310 ppbv) 6%
fertilisers
fossil fuels
(IPCC W61)
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It has been suggested that |
there are natural cycles in o M |
the sun which can explain Tk
present day global warming.
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There are also long

term cycles.
It is clear there are short 4

term variations and a 11.3 Understanding the

year sunspot cycle. correlations is

difficult

Unfortunately for the solar cycle theorists,
150 years x 2 degrees/50,000 years = 0.006 degrees.

Space weather may also in the long term affect the
Earth's climate. Solar ultra-violet, visible and heat
radiation are the primary factors for the Earth's
climate, including global average temperatures, and
these energy sources appear to be quite constant.

However, some scientists have claimed correlations
between the solar magnetic activity, which is
reflected in the sunspot frequency, and climate
parameters at the Earth. Sunspot activity has been
recorded through several hundreds of years which
makes it possible to compare their variable
frequency to climate variations to the extent that
reliable climatological records exists.




ANNUAL Sunspot Numbers: 1700-1995

Reduced Sunspot Activity Predicted

SOLPLETPERIODERS LAENGDE OG TEMPERATUR

(2} 03

o for Next Decade i
fe YALE News Release o s
e | For Release: Jan. 14, 1997 s L4 5 ™ bl |
ol 7y Yale and NASA Astronomers £ i . w0y
oL (| Predict Decline in Sunspots, Which E H 5o Rl |
e - Could Bring Cooler Weather, Fewer i H i o1 8
. Electronic Disruptions o 3 i |
] L2 nr b
s The optimistic prediction, which contradicts e e,
g‘m that of many other scientists, will be 150 1ES) 100 1900 140 1960 1980 2000 R RO memm Ieae
o reported Jan. 14 1997 at a meeting of the
LA American Astronomical Society in Toronto, The red curve illustrates the solar activity, which is generally increasing

o 0 e

Canada, by Kenneth Schatten of Goddard
Space Flight Center/NASA in Greenbelt,
Maryland. He and Sabatino Sofia, chairman
of the Yale astronomy department, inferred
the magnitude of magnetic fields just below
the sun's surface from observations with

through an interval of 100 years, since the cycle length has decreased
from around 11.5 years to less than 10 years. Within the same interval
the Earth's average temperature as indicated by the blue curve has
increased by approximately 0.7 degree C. It is even claimed that the

‘Sunspot Number

B solar telescopes in Stanford and Big Bear, finer structures in the two curves have similar appearances.
cA

TR R ER R0 wR e owmowm o omm (Reference: Friis-Christensen, E., and K. Lassen,
Length of the solar cycle: An indicator of solar activity closely

associated with climate, Science, 254, 698-700, 1991).

Q)@io —m— 6th month sunspot Mor‘e Var|abll|T|es"'
— —a—offset fe::“b“cans There are clearly also long term solar variations. One
100

\ / such is the Milankovitch orbital and the North Atlantic

80 / Oscillation periodicities. Some long term catastrophic
/.7\1 \._::: / changes in Global climate are unassociated with these.
60 n
p{—\\ / ,{ \ / -Y‘ For example, 'Heinrich’ events occurred between 14000
401 \._.f i\ / \‘ and 70000 years ago. These are characterised by
20 A

\\.\— specific layers of rich carbonate deposits and clear

evidence of low salinity, very cold water, and
0¥ ‘ ‘ ‘ ‘ ‘ planktonic foraminifer, associated with brief and
1965 1970 1975 1980 1985 1990 1995 2000 intense periods of glacial calving.

Unfortunately, it's very easy to find correlations, not all of which make sense . ) . .
The N. Atlantic thermohaline circulation would have

been stopped by these effects.

There is a wide band of uncertainty in the amount
of warming that would resulf from any
stabilized concentration of greenhouse gases

Global Warming: what's the truth? e ———

+ The rational way to see through this morass
of claim, counterclaim, politics, ighorance,
prejudice, commercial interests...

6o Back to Basics: look at the physics
- Try to consider as many issues as possible without
being blinded by the extraneous detail

Think for yourselves
Attend Czajd's lectures

IPCC | WMO
| INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE




Things you should know
1) There are clear signs of global warming.

The near-consensus is that it is mostly
anthropogenic

2) There are very large uncertainties

Oil Peak

* This section introduces the concepts of peak oil

* The underlying science will be not be covered
extensively in this physics course.

- But the consequences of it being true will be.
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Dr. C.J. Campbell/Petroconsultants
hitp//www.oildepletion.org/

10 http://www. ise.de

1950 1970 1990 2010 2030 2050 http/www.peakoil.net

SCIENCE

According o conventional geological
theory, Oil Has Peaked in Most Places

Non-OPEC, non-FSU Oil Production Has Peaked and is Declining
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Discovery must predate production

=Discovery
== Production

For Central Limit Theorem: http://www.stat.sc.edu/~west/javahtml/CLT.h]
See also http://mathworld.wolfram.com/CentralLimit Theorem.html
http://www.statisticalengineering.com/central_limit_theorem htm

2004 Base Case

Oil and Gas Depletion
According fo source o=
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ASPO Newsletter 57, September 2005 page 2 of 12
Oil Discovery vs production Oil Price




% The Role of Giant Fields

Liquids Field Size Distribution in 12,465 Oil-dominant Discoveries to End-2003
(excludes USA and Canada)
Million Barrels Liquids
X 60,000 0,000

liquids in 53 super-gi: than 5 billion bhEoiI

2and 5.0 billion bbl oil, ing 3417 billion bl

s in 119 fields between 1.0 and 2.2 billion bbl oil, averaging 1,473 billion bbi
' ' ' ' '
0% of liquids in 298 fields between 383 and 1,000 million bbl o, averaging 584 million bbl

10% of liquids in 799 fields between 130 and 383 million bbl oil, averaging 218.76 million bbi

[ 10%of liquidsin 11,151 fields below 130 million bbl oil, averaging 16.67 million bbl

{hz CNERGY.

Exercise

* Hypothesise the discovery of a new
North Sea Oil field

* Calculate how far back (in years) the
peak of global oil would be set.

* Assume Gaussian production curve

The General D?letian Picture

OIL AND GAS LIQUIDS
2004 Scenario

Russia

1930 1340 1950 1560 1870 1980 1880 2000 2010 2020 2030 2040 205

[[US-48 BEurope DRussia BIGHer EIM East MHeavy etc. BDeepwater OPolar FANGL

other 0.3 gal.

kerosene 0.2 gal,
,{; lubricants 0.5 gal.
1.2gal.

asphalt/road oil 1.3 gal.

still gas 1.9 gal.

ige Jh tomato ketchup. Researchers at the il i
edish Institute for Fuzgj and Biotechnology How much Qilina
analysed the production of tomato ketchup. bottle Of tomato
The study considered the gr‘oducﬁon of inputs to ketchup?
agriculture, fomato cultivation and conversion to
tomato paste (in Italy), the processing and packaging
of the paste and other ingredients info tomato
ketchup in Sweden and the retail and sforu;e of the

final product. All this involved more than 5
transport and process stages.

The usefﬁc bags used to package the tomato paste
roduced ifi the Netherlands and transported to Italy
o be filled, placed in steel barrels, and then moved
to Sweden.

The five layered, red bottles were either produced in
the UK or Sweden with materials form Japan, Italy,
Belgium, the USA and Denmark.

The polypropylene (PP) screw-cap of the bottle and plug,
made from low density polyethylene (LDPE), was
produced in Denmark and fransported to Sweden.

LDPE shrink-film and corrugated cardboard were used
to distribute the final product. Labels, glue and ink  niipswaw.321energ bt
were not included in the analysis.

http://www.ciclodevida.ufsc.br/artigos/ciclodevida40

what's ~— liquefied gases 1.9 gal.
ina residual fuel oil 2.3 gal.
barrel et fuel 4.1 gallons
I ga
of oil
distiliate fuel oil
9.2 gallons
Source: AP gasoline
Totals more 18.5 gallons
than 44 gals.
because of
“processing
gain®™
Supplying 0il and Gas D 1 Will Require Major | mi
Millions of Barrels per Day of Oil Equivalent (MBDOE) O ptl m I S m
180 : .
rom an Oll
160 .
Major
140
120
100
The Exxon
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