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Greenhouse Effect

+ Greenhouse effect: n
effect of the gases in earth’s
atmosphere to trap incident solar
radiation

+ earth is an average of °C
warmer than if no greenhouse effect

+ average earth temp would be °C
instead of current o
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Global Warming

+ Global warming: t ~__that the
accumulation of specific gaseous
compounds is causing an
uncontrollable increase in the earth’s
temperature with potentially
devastating g effects
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What is Known

naturally occurring greenhouse gases include
w vapor, carbon dioxide, methane,
nitrous oxide, and ozone

concentrations of most are increasing due to
a sources

water vapor is the most a

greenhouse gas, but its concentrations are
closely related to global temperatures and are
relatively constant

P of high concentrations of CO, in past
history of the Earth have been accompanied by
high temperatures at the Earth’s surface, and
periods of low carbon dioxide had relatively low
surface temperatures.

hitp . /fwavw meteor jastate edu/'geccourse/modelico2/s eedsci.htm
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What is known

sea level has risen 4-8 inches over the past
century

global mean surface temperatures have increased
0.25-0.5 C since the late 19th century

Greenhouse gases have long lifetimes, ranging

from years for methane to about for
carbonrdioxideto years for nitrous oxide.

Anthropogenic increases in these gases could
influence the earth’s climate for many centuries.

The climate system has high | , primarily
due to the long time scales of ocean dynamical
processes.

nttp /v mieteor iastate edu/'goccourse nodelco2/s eedsci.htmi
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What is known

+S particles that form
from sulfur dioxide emitted primarily
by the burning of coal contribute to
local cooling although the magnitude
IS uncertain.

+ Decreases of ozone in the lower
stratosphere have contributed to
C _effects in that region.

e edu/gecours e/modelco?/s eedsci htmi
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What we think will happen

~ the stratosphere will continue to c
as CO, concentrations r . Ozone
depletion will add to the cooling.

+ water vapor in the lower troposphere (0-3

km) will increase about % for every
1°C of warming. Relative humidities will
stay approximately the same.

~ The warming of the last ¢ s
consistent with model projections of glebal
warming due to CO, modified by the
regional cooling effect of sulfate particles.

nttp /v mieteor iastate edu/'goccourse modelco2/s eedsci.htmi
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What we think will happen

D __of CO, over pre-industrial levels
(likely to occur in the later half of the 21st
century unless emissions are significantly
reduced) is projected to |lead to a global warming
of 1.5 to 4.5°C (2 - 8°F).
by 2100 we can expect temperature increase of
°C to oL
Sea-level rise is most likely to be (+/-25) cm
by year 2100 with continued rise beyond that
time highly likely. Continued high (quadrupled)
CO, could lead to ____+/- m rise in sea level.

Global mean precipitation will increase at
(+/-0.5)% per 1°C of warming.

course/modelcod/seedsci.htmi
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Is there a scientific debate over
man-made global warming?
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Contnbution to the Greenhouse Effect
(Including water vapor)

Water vapor
B Man-made constitutes Earth's
W Naturat most significant

greenhouse gas
accounting for about

95% of Earth's

greenhouse effect
(4).
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§ Apr 2005
Water vapour: feedback or forcing?

Whenever three or more conlrarians are gathered logether. one will inevitabiy claim that
waler vapoar is being unjustly naglacled by WCC' scienlists 'l.'.u'rrg.l st water -.tapnur
acknowedged as a greennm.rse a8, "Why 00BS ANWO.55 & &0 (404 4Eal
grﬂnlﬂu;ggﬂ W AR T o e el _— .Lwr
inthuded in climate modes ™ 'ﬁ'hy 15t incluged on ihe furmgs tlaftrlartsﬁ‘ efc Any
mainstream scienbst present wil trot out the standard response that waler vapowr &
indesd an impartant greenhouse gas, i is inchuded in all cimate modets, but it s a
feedoack and nol a forcing, From personal mum«t lam aﬂrt Ihiﬂ Mese asinchons
are ot clear to many, and 50 here i

1empl)

Iy BN Makes up uﬂmn 9 m:l 26% ihle '

the O and the mner mingr GHG absorers consist of up to 7 and 8% of the eftect
respeciively. The remainders and uncenainbes ane associated with the overaps which
could be atinbuted in vanious ways that f'm nolt going to bolher with here, Making some
allowante (+-5%) for the credeness of my calculation, the maximum supponable number
for the imporiance of waler vapour alone s about 60-T0% and for water plus clouds B0-
00% of Ihe present day greenhouse efiect (Of course, using the same approach, the
maximum supportable number for CO, is 20-30%, and since that acds up to mare than
100%, tere i a slight probilem with such estimates!)
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Water Vapour is n 40, UUI}

|t -om. AN
rap.ntm %

truth
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Nmek Technology & Science

Sebecribe Mow  Maks Newiwett Your Homapage  Mewsletes  RSS

Remember Global Cooling?
Why scientists find climate change so hard to predict.

WEB EXCLUSIVE

By Jerry Adler
Updatad: 3141 p.m. ET Ot 23, 2006

Oct, 23, 2006 - In Apnl, 1975, in an issue
mostly taken up with stones about the collapse
of the American-backed govemment of South
Vietnam, NEWSWEEK published a small back-

page article about a very different kind of
disaster. Citing "ominous signs that the earth's
weather pattems have begun to change
dramatically,” the magazine wamed of an
impending "drastic decline in food production.”
Political disruptions stemming from food o
shortages could affect “just about every nation Imaginechin detad fr
an earth.” Scientists urged govermnments to Hot and Cold: Signi of glabal warming st o dried-up
consdar amargency action tohwad off e £t et « Mo (40w
terribde threat of . . . well, if you had been
following the chmate-change debates at the HOST POPULAR
time, you'd have known that the threat was: Mast Viewed |4 Top Rated | | s Most Exmailed
gobal coolng. + Best of the Road Warriors

+ Host viewed on MSNBC.com

Story continuas balow

M i b
L,
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Newsweek, April 28, 19

The Cooling World

There are ominous signs that the
earth’s weather pattems hwehemh-ﬁm
these
changes rtend a drastic decline in
fiod prodactise—eith

change dramatically and that

implications for just about every nation

SCIENCE
reduce Itural for the
mnnfdmm IWMM

is as profound as some of the pessimists
fear, the m-.iﬂn: ﬁmilmﬁ:;nuld be

ic. A major change
serious political ments on a worldwide
recent report by the National Academy of

scale,” wams a

carth. The drop in food output could  Sciences, “because the global patterns of
miin quite soom, pnﬁupi n:fy tenyears  food production and n that
from now. The regions destined to feel  have evolved are implicitly dependent

its impact are the great wheat-

cing  on the climate of the present

century.
lands of Canada and the U.S.5.R. in the A survey completed last year by Dr,

north, along with a number of marginally
of In-

:':3 lhhmn. ladesh, Indochina

self-sufficient | are

Murmy Mitchell of the National Oceanic
and Atmospheric Administration reveals
a drop of half a degree in average ground

ndonesia—where the growing sea-  temperatures in the Northermn Hemi-

son is dependent upon the rains brought

by the monsoon.

n
The evidence in support of these pre-
dictions has now begun to acounulate so
massively that m-.-h.-ml-nlngiﬂ: are hard-

sphere between 1945 and 1968, Accord-
ing to George Kukla of Columbia Univer-
sity, satellite photos indicated a sudden,
large increase in Northern Hemisphere
snow cover in the winterof 1971-7T2, And

ic change is at least as fragme Y.
&u."mudﬂﬂuﬂaﬁmulmm
Sciences report. “Not only are the basic
scientific questions largely
but in many cases we do not yet ko
enough to pose the key questions.”
Extremes: Meteoro ts think that
they can forecast the short-term results of
the return to the norm of the last century,
They begin by noting the slight drop
over-all temperature that s large
numbers of pressure centers in the upper
atmosphere. These break up the smoot
flow of westerly winds over temperabe
arcas, The stagnant air produced in this

Wi
local weather such as 0
extended dry spells, ﬂ’“ﬁ:’m
layed monsoons and even tem
ture increases—all of which havea
imﬁ om food supplies.

“The world's -producing system,
warns Dr, James . M i of NOAX
Center for Climatic Environment;
Assessment, “is much more sensitive o

AREAS OF THE EARTH AFFECTED BY CLIMATIC CHANGE |
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Climatologists are pessimistic that
litical leaders will take any positi
action to compensate for the cli
change, or even to allay its effects.
concede that some of the more spec
lar solutions proposed, such as melting
the arctic ice cap by covering it with
hlm:k soot or d_it'crting arctic rivers,
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I POPULATION CONTROL 0R
RACE TO DRLIVION?

THE
POPULATION
~ BOMB

The limits-to-growth crowd has predicted the end of oil since the days when
this black gold was first discovered as an energy source in the mid-19th

century. In the 1860sthe U.S. Geological Survey forecast that there was "little
or no chance" that oil would be found in Texas or California. In 1914 the

Interior Department forecast that there was only a 10-year supply of oil left;
in 1939 it calculated there was only a 13-year supply left, and in 1951 Interior

warned that by the mid-1960s the oil wells would certainly run dry. In the
1970s, Jimmy Carter somberly told the nation that
"we could use up all of the proven reserves of oil in
the entire world by the end of the next decade."
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Don'’t just do something,
stand there!
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Air Pollution Meteorology

+ Atmospheric Engine

— atmospherics %and
weather) is a function o
t and

Ve s e
- wind flows from h__ pressure

areas to | pressure areas

— in absence of earth’s rotation,

wind would bep_~ '_.,gl,g?,

to constant pressure lines e f'

(i ) 1$2 bars A
— earth’s rotation createq .

C effect CoVio li <
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Atmospheric stability

~ tendency of atmosphere to restst or
e nhawct  vertical air movement is

termed s fulbil o

+ there are three categories of stability
depending on the | apse rate
- rate of temperature change as a function of
elevation X _
+ neutral - d ¥\ a olﬁ—h\mhllf_mp_g,rm.z
» unstable - s wp & &k |apse rate

~ stable - swlo &d lapse rate
|5u::therrnn| - no changein t Lwa px.rd'mmh elevation
- I ny u"‘:uv\ temperature increases with elevation
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Terrain Effects

+ H iu-r | ‘.,';l.ﬁ\hA

E_ffect
- mass of material that
abseths  and ewm;ts

heat at a greater rate
than.surrounding area

- stability over heat
islands is | esS

+ good for g round
| evel sources

+ bad for t a (| 5'{1«/]4 | e e

RAesidental  Aesmdental

Suburban Do ritown Park Rural
Riassd envbal Far roland
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Land/Sea Breeze

+land c 06‘«5 more Night, emoves wvay

rapidly at night than CDO

S€a

- a,h-l breeze
+land h e~13 faster

during day

-seA breel
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Valleys

valleys at an a unte a '\-le to
the prevailing wind will direct a
portion of wind into the valley

valle“\‘/‘f oriented in the novth -
s ewt direction are more

susceptibleto inversions than

east-west direction

during daytime sun heats valley
floor

-V n“ L‘j} breeze

during night

- h_] breeze

early day

- LAVAVS\Wwpossible

Calm winds and the inversion result in poor air quality.

@ The sine s, s in the

. wapprlsei s mrrmmrﬂ:rmmw

0 Warrmer i ol st as b b
arat bkt cold am renar The

e e p—
Uiaggend Ly B iivag k.
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Air Pollution Control Devices
~A5serphw tower

+E [ecdrsshive  precipitator
+V entw ry scrubber
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Air Pollution Control Devices

» Absorption Tower (Packed Bed, Spray Tower, Wet Scrubber)

D1 fAw sven of the pollutant gas to the surface of the liquid
Traws Leracross the gas/liquid interface (dissolution)

D swwof the dissolved gas away from the interface into
the liquid

Henry's law:
P = HC, Pﬁ-“ C/
where: P = equilibrium partial pressure of gas, kPa,
H= Henry's law constant, kPa-m?3/g

and C, = concentration of pollutant gas in liquid
phase, g/m3

want to maximize gas liquid contact by maximizing surface
area
efficiency will be limited by the solubility of the pollutant
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Baghouse

same principle as the hsme v acuwww, ¢ [-c.n.ha"

bags are cleaned periodically as the pfesswz drsp
across the bag becomes excessive (approximately
every 2 hours)

- cleaned by mechanical r &¢p l"\ (used for shake-deflate
design)

- cleaned by h {-,L\ presswe air jets (used for pulse jet
design)

must be'a dy gas stream

potential f\re hazard

bag "rygem " with time

- develops a fine mat which helps to screen out particles

for pca.r’h [g,LI'EI'T‘IOVEﬂ or used in conjunction with

Flue G ag Degw {n_m ‘wwhom  (FGD) applications
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Cyclone Separator

» used for particulates larger than 10 pm

« gas stream is accelerated through a sgu«!
moton centrifugal force moves heavier
particles out and down

+ as the diamehr of the cyclone is reduced,
the efficiency increases (as does the
pressure drop)

+~ use of mult-ple  tubes in parallel
(multiclones) improves efficiency

Jan 28-9:56 AM
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Adsorption Bed

surface p hewo mena

hustw! or chewes)
ond with the surface

adsorbents: activated
cavloown | activated

alu~wa , Silica gel, and
others

1 ounce of activated
carbon has a surface area
of §-to acres

+ bed must be r egenerated
prior to breakthrough

Jan 28-9:56 AM
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Electrostatic PreC|p|tator

wIYe in twbe or wire and
p [a¥e configurations

wet or dry, wet cleaned by
wate spran, dry by
rapping, cah bé cleaned
while in service

CoVo na . Wire imparts an
electrical charge (neg),
particles are attracted to
charged (pos) collecting
plates

high p avh c..ula.\‘., removal
efficiencies possible

Jan 28-9:56 AM
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Ventur Scrubber

~ velocity of gas is a_cteelevated
by a factor of four in the throat
section where nozzles inject
water or solution

» hi%t‘ velocity causes

aTowmiznhen  Of liquid
+ pressure drop following the

_‘P"
t hyeat section creates a lot;

of turbulence resulting in good
intermixing

+ requires s epava o (e.g.,
cyclone) following venturi to
collect particles and liquid
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Thermal Incineration

An Inside Look at the Compact UNITHERM

“"m_'q-mf REECOS sl Ty Bairmae
Chambears rommen waop e (0 s ﬂuu“-:.s‘u?'"l. ll-mpta-'tdhd
e Ehal CariuTes Sne Senee el BN (ormponerey, edapendent dombi.

b Firal comibation o
e polutaniy laie plice
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Air Pollution Control
Devices: Mobile Sources
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Automotive Emissions

~ M sources contribute approximately 60% of
total air pollution (78% of CO, 47% of NOy, 44%
of total hydrocarbons, 5% of particulates, and
2% of SOy

+ 20 to 40% of the automobile's total hydrocarbon

emissions are from the crankcase.

+ This emission is called b

— function of s
— after 1963 all vehicles are required to have a
positive crankcase ventilation (PCV) valve

- the PCV valve opens up more at h speeds to
allow more crankcase fumes to be sucked into the

intake manifold
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Fuel tank e

+ As the fuel tank warms, the vapors
in the headspace are exhausted
through the vent line.

— activated carbon canister
-vent the fuel tank to the crankcase

Jan 28-9:56 AM
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Carburetor
Losses

+ After the engine is
shut off, the gas in
the float valve
evaporates to the

atmosphere.

+Thisiscalled h
S

- activated carbon
canister

-vent to the crankcase | | &
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Engine Exhaust.

modifications
system modifications
system modifications:

- catalytic converter for NOy and HC
oelpluge]

- platinum-rhodium or platinum-palladium
catalyst - requires temp of 350°C
(660°F)

NO + CO + HC & N, + CO, + H,0
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Shell or Air Tube Damage

' ‘ Physical Damage-
. ! v g Exhaw
. )

3 LT,
 Engjing
. i
T hell o
Poor ManuFacturir

- Materials
Shell Discoloration g

iir Injection

2 or Trailer
Shell Dis
il Dt et

- . a al/Electrical
Substrate Damage L

Crached/Broken

Mualtod,/ Disintegrated Contant

Jan 28-9:56 AM

39



Reformulated Gasoline

+ 1990 Clean Air Act Amendments had
two performance targets for
reformulated gasoline:

-15% r in VOCs

- 15% reduction in a B
benzene)
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Reformulated Gasoline

+«one third of U.S. uses r
gasoline

+« Congress mandated that reformulated
fuel contains 2% o

abe - o “VEER|
TR
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Federal Reformulated Gasoline Areas

April, 2002

T ol oy P o, o | e

e | i Prsibaral PP s o i 31 000

N g, W P, K M
ol Sdars s b Pules
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Oxygenates

M
-~ E—
- fermented from c
+ MTBE (methyl tertiary butyl

ether) derived from natural WELL WATER

gas and.cC CONTAMINATED

BY GASOLINE

+ ETBE (ethyl tertiary butyl PR W TR
ether) derived from

e A Renewable Fuel Standardi
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