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N6IODallwarming IS a reality
2 rltigg] Jn } pact a very likely cause

eVhat ¢ 'n we do to reduce the impact of
Iljﬁ ns on the environment?
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JrfJF\C\‘::' Jsionalproblem ="
d climate problem a national security.
prr blem, an economic problem, a

- p liution problem

= What are the dimensions of this
, ~ problem?

~ e How are three of the major economies
- coping with it?
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EHErgy=Environmental
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IMpact on climate

mrucz: n “common” resources such as
,ur anal Water

Fﬁ att on land

-.Impact on health

~e Impact on noise levels

® Impact on radiation exposure
®?




EHENY andrEconomic

—
-

ifipact on wealth of nation-aggregate
czl r)JWJ} Infrastructure

mce t on GDP-both positive and
= _atlve -costs

-Impact on employment
-' Indlrectly through health and environment

® Impact on technology, which then impacts
GDP and wealth of the nation
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CRINEIUIC FJJI» Want secure sources of energy (eg
JigJel nd liran)

&
SIS We nts to keep Persian Gulf oil secure-
% j:" ce Navy Base in Bahrain and Air Force
ses In Saudi Arabia and Kuwait

Export of $ to overseas to buy energy
depresses economy
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the US import and how

o rlowy m,Jr“rJ‘ II'AOES
Much ‘lt cost'?



U.S. Net 0Oil Imports | Change since 1994

Nominal cost: Up 681%
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SBYAININ -partlcularly strip-mining

0 BlEl rmc mountain tops in Appalachia-
iSO VA VA, TN

=) Jﬁe tﬁtmg streams
'-_Destroylng towns and villages
~® Toxic metals get into water









WOIMERNRNBE!ing, Wearing air me LiCUlatespolItton

S_
SEBHREVE!~750 ppm —iHighest in the world = 2 OX times

WHatWH O, recommends as safe levels [NY was 19 ppm;
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S8 to new “renewable” technology—
LJr nd geothermal, tides

O e g oIIutlon control technology

—

= | nology that reduces energy
= “"‘-use/output of goods
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=) er\/ Jﬂr Gliimate
SOUICES e energy _Renewable and non- renewable
Uss of ergy IR Various sectors

IEE Jnc gy for energy conversion

= Ren Wable energy conversion technologies
==t ergy Storage

d‘

= s Economics of energy technologies-methods of economic

— -l. di—

~ analysis
o Energy and environment (briefly)
® Some health impacts (briefly)

® [nternational perspective — study energy sectors in US,
India, China, Brazil
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o [ armv be 2 exams, 30% each

A0 ql zes basically on Wednesdays,
|JJ/ |
,,,_,;e. ~each worth 10% -do not

—*:plaglarlze we have software to detect it

Y

~ ® 5-6 HW, worth 10%
® [A is Brian Modtland







solae SazoayClabal Wepaino ia unzaiive

7 The recent IPCC report has clearly
stated that "Warming of the climate
system is unequivocal” and it is “very
likely” caused by human activities.

> Moreover, most of the observed
changes are now simulated by climate
models over the past 50 years adding
confidence to future projections.
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The Greenhouse Effect

Some solar radiation is Some of the infrared
reflected by the Earth radiation passes through the
and the atmosphere. atmosphere, and some is

absorbed and re-emitted in
all directions by greenhouse
gas molecules. The effect
of this is to warm the Earth’s
surface and the lower
atmosphere.

Solar radiation passes
through the clear
atmosphere.

2N - s ;;- "__.'-7 \__-,' - : (_‘-_;—;‘_',__g \ 1
Most radiationis < = Infrared radiation is
—absorbed by the Earth’s -1 emitted from the Earth’s

i surfaoe and iwarms it., 3 /‘ , surface.
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Atmospheric Carbon Dioxide Concentration
and Temperature Change
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obal meaniiemper ‘ e

06 ! ' '
° Annual mean
-~ Global mean temperature _(inear trends

04 #” Smoothed series
. 15-95% decadal error b2

0.2

—04° Ne Period Rate

LN
Difference (°C) from 1961-90

_08l . Years °/decade 13.2
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1880 1900 1920 1940 1960 1980 2000
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Glaciers

Photo Source: Munich Society for Environmental Research
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May increase sea levels by ~7 feet
by end of century instead of 1 foot - _
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Antarctic ice- not clear whatiis
jeppeEning.

c) Antarctic Ice Extent
Normaolized SMMR (S‘?\A) Normglized SSM/| (saA) AMSR-E (ABA)

Ilce Extent (10° km?)

Trend: 10811.2 & 2621.8 km’/yeor
(0.945 + 0.229 %/dec)

1990 1995 2000
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Wiieths going,on?: J’-‘
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2 Norigle eI ICEIS Me ting
o Gzl r n northern hemisphere are melting

o G Llf‘Jc‘ -|n Southern Island of New Zealand are
Jnr“ smg more snowfal

-ﬂ north rapidly melting and south slowly?
£02 alone cannot do it!

""IPCC models are wrong — they do not predict
the rapid melting of northern ice at all

—
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Probab ”

J SOOT% 'and particles, not CO2
SXe2: does other harm- Changing the
eIty 'e the ocean — destroying corals
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SOOT

RO Where ?
03K rwrrru] Wer plants, diesel exhaust, wood
J.erms stoves)

= ,{Lr:: es dep05|t within one week at the poles
_-., “C absorbs sunlight — change reflectivity of ice

= ‘:Pbsmlve feedback loop — water reflects less than
- ice

—




hemisphere — India, China, Middle
erely polluting

. P 2 et

ﬂdS 88 GW of power plants a year
) ern nemisphere:

: ytwo major industrial countries- Brazil and
Aﬁstralla

..c di—

~ ® Brazil does not use coal

~® Australia has stringent pollution controls — China
and India and Middle East do not
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Brown/Black soot
Leads to rapid melting
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Fipae 18 Soo B veagn of e NDOE pellinsion cwd v v Judhor Ocrae. T cloemaconn worer perforwed by NATA it
cbe SodWeFS yoorwenens dveigg INDOE i cbr pevved favaery- Marck 155%
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=Acid rain in China (Coal!)

Figure 7-14 Map of Regional Distribution of Acid Rain in China in
2000

Average Precipitation PH

- <45
B 550
B 550
- >5.6

Source: Ministry of Environmental Protection, China.



- Severe impact on food production : Influence of brown
Lon rice production in India — Reductlon in sunhght
of acid rain :

——

ABCs and GHGs reduced
ABCs reduced
ABCs reduced

20% (vield effect only)

15%
10%
5%
0%

-5%

-10%
1960 1970 1980 1990

Ref. Aufflhammer et al, PNAS, 103(2006)
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SRS pod Tor India'and'China and' the Middle East
Lo rAJ,Jc’ 'poflution

o It wllzn matlcally reduce melting of ice

SRliecn. 1ut|ons exist — eg Mercedes and VW "Blue Tech”
,JJH"“ 5= meet California and EU standards for particulate
== emissions

-""

e"trostatlc precipitators and sulfur dioxide treatment
qalants for coal burning power plants

- ® [he West is way ahead of India and China on this
control
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SENENGY SN0t an end in itself — we do not
ISE mJ energy because it is fun
AV C jOIE ceptlon WEapons

= vvaa Se energy to achieve an end —
sportatlon heating, manufacturing etc
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“Carbon Intensity vs GDP

10,000: T T T T TTT] T T T T T T T 1 71]
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~ rlow rrites eﬁergy does hUmanity, Use?—us
GONSUMPLoN N Quadrillion (10°Bils)E~ 100 Q™
[EGVIERTO 3.3 terrawattstofi power: (~3300 nukes)}

i

Projections




The world'abg._t 500 Q

IS Off continuoeus power)-only. ly measures,

Figure 8. World Marketed Energy Consumption,
1980-2030

Quadrnillion Bty
History ; Projections 702

S

e o D
F & & &S

_._‘v,‘ L \\ _._';_ v: _.\". __.’:. p
AT i b 5 v Vv %

Sources: History: Energy Information Administration (EIA),
international Energy Annual 2004 (May-July 2006), web site
www_eia.doe.goviiea. Projections: EIA, System for the Analy-
sis of Global Energy Markets (2007)



HOYACEORVENEcducesenergy.
COrISUS tlon?Ex,gmpIe ~P~@WE1’F a‘rﬁ"

Efficienle . —
1l US coal fired plant (olc ~33 35%
1 Hitachi plant (Japan) ~ 49.8%(Highest in
d), ~ca. 2002
IOI‘I in CO2 per unit of energy delivered: 32%
iced combined cycle:

;,-;__“"i gasification — use gas in turbines
== Jse gxhaust from turbine to preheat water for steam
- turbine

o~ 60% efficiency possible

- Reduction in Co2: factor of ~2/kWh
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Policy Best-iegg —

S

) Unreasonable to demand that ALL coal
] W power plants be high efficiency?

¢ an do it, why not the US and India and

B - -

== (F na and India are rapidly building new plants,

== :Chma 88GW this year (more power than exists

~in the UK) -mostly coal fired-but they are not
efficient!



R T

< '.';g"' . —
r\rut g xam@g:reﬁng_erie‘a&"

s—

S

r{srmar 35 Use a lot of energy, 7.5% of
tojie] | «energy consumption! Largest
Sif J 2 ndustry In terms of energy

_-—-- R

ojc aII refineries are equal in terms of
— ’cﬁelr energy intensity index-variations by
~ factors of ~2
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India-
Reliance
Petroleum

—(3-::_":%@-:. — i i i 1 1
- Indian peers Asian peers Europe S RPL
| pacesetters pacesetters

World’s most efficient and largest
(1.2 mbpd) refinery is in India!
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Energy & Loss Performance - CEL 2003

Reliance, Jamnagar is now the Pacesetting Refinery.

CEL 95.6 In 2000
CEL 93.9 In 2001

CEL 88.7 In 2002 /
CEL 87.6 in 2003 —

Ll ol Sl o R

Figurs * 11

EERCEL ifdis & 20002 ESR



REINENIES: *Eerati@ '
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ERErg)
u - 50%
T/A

METLENENCE) ’
7470
Nep=F /r\ <3
MJH‘]ES‘I]' nce,
. , -C’ -:.
"Non‘
| '_: Nalntenance
~  Personnel,
- (0)
- 6% Other Volume- Look at the energy
Related, Chemicals, Catalysts & cost
494 3% Catalyst Additives, Does it not pay to

11% Reduce it?



Indian peers Asian peers Europe US RPL
pacesetters pacesetters

Does it surprise you that Reliance’s Market Cap is
~%$100 billion? And Mr. Ambani (Chairman) is worth ~$ 50 B?
Efficiency pays rich dividends!
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NEW CAR FUEL INTENSITIES:
Trends, Targets, and “Best Practices”

18
R . . B R
Red -- US
L o 1 L et T 1 1§ G T
Japanese
12 - targets: 154 --—---—-
kvl
gasoline, 11.6
Eﬂ_ | kvl diesel T
_ b by 2040
s B N T ot e e I
~
_ R e L e ~ S
European Commission
target 140 g'km by 2008 n
4 - T e
5.3 1M00km diesel, 612
24 weighted averame]
ﬂ T T T T T T T T T T I T TT
L T T - T S P, . T T . ", W L TN« T - T PRE, . T
AP e o N Y Y d
GGG G S I I M P R R NP RSP




Trends in New Car Fuel Intensity

13 1

—+— US (Light trucks) ——US (cars) —&4— Japan
B Sweden —a— UK --@--- Germany
Italy =———France

Germany is decreasing, US is not
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SR ESVETACaI Ol S UVAWas arhybrid, We o
WeBIENEdlice fuel consumption by 30-40% Compare!
pigallfeiiUS arable land was used to produce

—_—

2ufianol, substitute 35% of gasoline]

s:How do we get there?
= ® By taxing expected gas consumption at the

~ time of purchase!

-

- e Do differential taxes work?
o YESI

T
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,E-j' DANISH YEARLY “GREEN OWNER FEE”
TAX SHIFT
4 2500
_‘_j 2000 >
=
1500
L
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Change in the Yearly Fee Based on New-Car Km/ Y
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MNot Much to Spare

The amount of oil Saudi Arabia
can produce in excess of its
current production accounts for
most of OPEC's extra capacity;
im millions of barrels a day

Spare Capac

0 :-|-=:.'"' I~

2005 g1 ot s
*Exdudes Indonesia, Iraq, Nigeria, Veneauela,
where productionm IS InConsishent

Source: Inbernational Energy Agency
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SN EIVACEOVER/-ThErE IS 0] SIMPI EAlOREXUIT CLAm—

DIREISEXCEP LNV ENEZUEIaEChiaVeZ idsiscrewed

thait Uy

Field Work

Saudi Arabia is now fully
developing two big oil
fields, Khurais and Manifa.

Fields in the region and
their oil output in barrels
per day (bbl/d)

— =,
" o

- i
]

|r<.-u IRAM U
.-\.\_ _}.l.-\.\‘ ‘
k] - .
b Detall g o

sauD Ty
[ s ARABIA -~

% .
\ —_—

*¥

|

b

o, =il
N L
ik R

Sources: Greg Croft Inc. (field locations);

Saudi Aramco {capacity?

% Manifa
_.-' 200,000 bbi/d
& Online 2011

ARABIA :"

Pergian Gulf

. Abu 5a'fah
200,000 bbl/d

Khursaniya — ~

G0, 000 bblsd
Complete |ater

this vear Berri

Q40,000 “4 i
) bibl/d EAHRAIN
Khurais

1.2 millicn bbl'd
Cinline 200%

L2 million
kbl




Heavy oil=in two places,CANADA

Figure 4-1 Location of the of sands ceposts of Canaca e
" -

Canada:
352 B Tonnes

Venezuela:
349 B tonnes




Not cheap. About $ 80/BBI for profitable extraction.

Fundamental law of economics: Price = marginal cost
If alternatives cost ~$ 80, the oil will sell at $80
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SONGIUSIoNS on Efficien
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SIMETE S0 othEr choice-MUST reduce energy
sesumption NOW

PRIIe opportunities for increasing energy
Eiiciency are HUGE — at least a 30-50% _
[edlictioniin energy use possible per $ of GDP in
= ‘:l" _; S-

- tich: more so in places like China and India-
~ they are not using the most efficient technology

o —_—

-— -

gr—

-l

e
- —
—

-® Need to implement the best technologies-both
government regulation and tax policy are
needed- as also new technologies!
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SN0 India-How: NOTL tOR0 s
1) —
oW nJu 3_.' tvannounced NANO'car
""COst) is NOT a hybrid-going to be
2] J JJ\ er for India’s pollution and gas

COISL mptlon

== ;:afﬁc IS stop and go in most big cities
,55.; »-Hybrids are the obvious solution-but not

being implemented as of now

-

e
—



eI oUEeNnewables?-Solards:a

Potential

69k Terawatts
Use=17TW
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S0)zfuls nsitye:

i fa\/\//r I'a clear day
r\JJJF 5800 2000 hours of sunlight

SRVIICh 'bre in Southwest, India, China,
leee 3 East, Australia, Afrlca

| “5'In the US, 1 sq meter = ~2000 kWh per
- .year

“® In parts of India, Africa, Australia,Iran : 1
sg.meter=~3000 kWh per year




WORLD DESIGN INSOLATION
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IO U ECIENCY ef-s@iaﬁs'é‘i"

Jbirect E tric conversion, current ~15%
o pl ura ~10 15 years) , likely to be 25%

SREOrheating homes-very efficient and
gr C |cal TODAY

===P} tosynthe5|s'-’ Very poor today, 0.5-1%

"’

"_” ‘f-SoIar-eIectrlc, averaged over year,
~  has a 60:1 advantage over photo-
synthesis in terms of area used
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\Wrizle clls *ut-%ethami?g

J V/ery dor «“onvar,,lon rﬁrrJr"Janr“wa 95/0)
0 lJJr]r)Jrj.&“c 0 ~1.4 J outpu
o Cofgls thanol will NOT solve our problems- good

for J‘—LLJ(‘ g Bollutlon bad for solving globa
‘J.JJ‘HJJ_[J\. problems

v djorimoral hazard! Impact on fertilizer and food
= price 5‘15 horrific

% 50d ‘prices have doubled everywhere

= s in the world-Rice, 150%, Wheat, 135%, corn
—— "100%

-~ e Poor are starving!

e \Vaste to ethanol — yes if handled carefully in terms of
replenishing the soil
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Wrizjte) ut—gﬂgg;—bieq‘uﬂ?"

J JYfE viology-to significantly increase photo-
S\RLE fflClency

oo CLETT fdlrectly convert water and nutrients into
_al se and alcohol (Super algae)

=—=eThis P = focus of the $500 million BP
= -:_5'upported program at UC-Berkeley

e That is the future of biofuels- that will
most likely work
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Wiricks = |

0 570 3R ng ind available
Gf Sal Ur e US Midwest and coastal




lectric Potential.ofddind ===

Wind Electric Potential as a Percent of
Contiguous U.S. 1990 Total Electric Consumption

Specifcaions: Wind Resource> Class 4 at 3om (-s20mim, som hu eight, - [ QRO TO IO I W IS ole] a0 g [=To
3.45 trillion kW-hr of
Electricity =

. B

<1.0
1.0-50

| s0-10.0

| 10.,0-20.0

~ | 200-300

30.0 -40.0
=40.0

Excluded Land Area: 100% Envirenmental, 100% Urban, 50% Forest, 30% Agricultural, 10°% Range
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A I))J W power plant becomes 125 MW
If WJF o peed drops by 2X

'hv

.-___J; ow.do we make up such a large loss?

=
..-

fS'evere impacts on power system stability

—
R

'

—
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Wiy

T
gt do Utilities do to ha
ghge wind installations?




Utllitle G%*ﬁ

o By JJJ]J’]( gas turbines to wind power
Jurum

) Oru Dy U UIS ng batteries or what else?
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ort term storage




iyWHEE! sterage —in vacutim
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HUOUS-»"-**

e —

ur zlefo)l storag i5 Solar d

- J\/JJr \/ mvw 0ds

J 'W|II not work for very long
fic _fbut may be Ok for overnight

e ,_fher schemes will work for long term
”.'torage _
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-
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PUfDs *ster—.agi ~ —

J S50 JJr/W’ ind coupled with pumped storage
f)\ ectrlc plants

S EPUm o) water uphill during day using solar,
= flow |t downhill to generate electricity

.%.Very efficient — but needs water- may be a
"f ‘problem in many geographic locations-but
not in California or India or parts of Africa
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Criammies ’C«@%@ﬂl’

e

J JOLJF/VV drelectricity’ into'e ectrolyzer- produce
1Y) ge n | from water

‘ Jure m rogen use in fuel cells for regenerating
r\ja ‘

"‘t..'.'

S Or, I ake ammonia, use ammonia as fuel for
—— fuel cells

__J,_p:dv

=% Why ammonia- can be liquified very easily,
- (~8 atmospheres)-Liquids hold a lot more
energy per liter than gases



RENEWABLE SOURCE

ELECTROLYZER
\\’,

*

WATER PURIFICATION
SYSTEM :

H, stored @
6250 psi

HYDROGEN POWERED
H, stored @ VEHICLE
5000 psi

ASME STORAGE
VESSELS

.
.....................................................................................................

|DISPENSER
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SN, costs about 15-20 ¢/kWh
o Coglelfeh) Jth coal ~ 6-7 ¢/kWh[That is why the server
r).JmJ(Ggr gle, IBM) are locating in Iowa]
2 Copgleke ,"Wlth natural gas, ~10-12 c/kWh

==0" rF}— a‘ces like California and New York, with higher tariffs
e uﬁng i peak demand (daytime), price can be >50 c/kWh

: 0‘.Solar competes for peak power, but not base-load coal

-
—-

—
—



I e e

- !
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PSRBVARRID 0N thin films-use ot less material, by a
felgier J OO
2 Alltdiil] ed processing

- W thin 5 years, we will be producing at <15
Vh, and within 10, <10 ¢/kWh

?-;-=,-:I_uge iIndustry-currently $11 billion/year,
producing 2 GW/year-likely to be $100
Dillion/year in 10 years

® Compare-no nukes built in the US in 25 years




Painting From Galleria Uffizi, Florence
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Each shiny tube is a linear parabolic trough
focusing sunlight on a tube-
heat up water to produce steam-run a turbine
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- fncrx energy utilization and productlon
SficiencyaisinotonlyAfeasibledbutimperativeand
eonivmical

SRVE n' 2d/to educate our politicians- they are
toi] ] 1ots

2 JJ,E- Wind are both feasible, and can provide
- OfFour energy needs

fA:soIar- fuel cycle is a critical R&D need
e Synthetic biology is another critical R&D need

® Decreasing cost of solar power is a third critical
R&D need-National Academies of Sciences and
Engineering called it the most important
challenge of the 21st century

e \We will discuss all of these
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