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Meteorology and the Atmosphere
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= Meteorology: is thWre.
Flad ad
= The atmosphere: is the media into which all air_pollution is
emitted. Atmospheric processes fuch as fhé’(m,gmm_em@

24 o 2 (wind) and tﬁe(eﬁh-ange of@(convection and radiation for
TR ~?*  example] dictate the fate of pollutants as they go through the v 3 ¢
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* Air pollution meteorology is the study of how these
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stages of transport, dispersion, transformation and removal. s o0
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Compos1t10n of the Atmospher

Table 1.1, Chemical composition of dry
atmoapheric alr
Substance Concentration (ppm)’
NitroQen 780,500 ,
Oxypen 209,400 . v
Argon 9,300 JJ)}. )}' )
Carton donde s 23-5 p?m e B
Neon 18 e
Helum 52
Maothane 23
Knypton ' 045 i
Hydroen 05 i3
Xenon 003 - 7O\ o
Nitrogen diorde 002 - X ‘\
Ozone 001-004 &’ o?
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SV3a) &s e o\ Although the(water vapoacontent of the air is fairly small, it absorbs six times more C P SR
,aw b &aul23| | radiation than any other atmospheric constituent and is therefore a very important Y 5
. dont T N BT s \ P
3 (5,\“ | component of the atmosphere. FeS] :
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Layers of the Atmosphere TRV ulub
O Tropos here
2D Huls = 75-80% of the earth’s air e 304 (1388 )
N2 NP T Mmass
. - ’
N2 = contains nearly all of the ,j" remswree 80 = 320 Ky
" ‘ = . . .l
NG G water associated with the |, . Y
2 NP atmosphere (vapor, clouds | © v :
o\ g an,dpLegjpjxaxjon). ) R IR : ‘F.a_gunmrm, .. _
) — ) Merosohare - Tee, .
wher 2, Close to the earth s surface Sl LU
VaPOf - S . . s o] OAmM (N tay, |
5, = Chemical composition of air LT ebete PN
D 3 VP s T — 4!1“‘(’0:..4 . = u
o " Rising-and falling-air ' g h
currents: weather and
climate o
qoP o*
* Involved in chemical cycling ) _ AR Y R B '
)J"") Ow W
The depth of the troposphere changes constantly due to changes in atmospheric
o,ﬁ_;d\ ,,w Canansd peratuu'e
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= Similar composition to the el Vicsopallse 1738
troposphere, with 2 exceptions __ 89 \& ' ‘
> Much less water § 70" MRS 5
> 0, ozone layer, filters UV~ § _ | E
\ — .% 1{4) 500 -35 %
':JL‘DJ—J' Cassnat) 9 5\,»0(_)}’ §5o~ 2
St = <
O M g O Z a0 25 5,1 A0
30+ Tropopause .. .
20-1. Ozone layer: 15 Uh"b) | S
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Troposphere |5

(Sea 0 e - 1
level) © BoaZahe, Cargrzn Lavrey Pressure =
-80 —40 0 a0 80 120 1,000 millibars at
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= Virtually all air pollution is emitted within th tropospher Air pollution b\"" RRURN
transport is governed by the speed and direction of thewinds) 2 O e
- = Zu\ Ov’:’\ 2
=5\ ,r"’ J"’ 3 \5’2 \
The rate of dispersion is influenced by them of the >

atmosphere as well as by _r_hechanlcalintatlon of the air as it moves over
the different surface features of the earth.
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= Transformation of the emitted air pollutants |s mpacted by ex osure to
¥ olar radiation) and m as we l‘/dozﬁer constituents in_the

atmosphere.

-\ The removal of pollutants @ not only on the pollutants’
# characteristics but also on weather phenomena such as rain, snow and

fog.
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Heat Balance of the Atmosphere ‘ '
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79> Wb "‘_.\ The@is transferred by radiation of heat in the form of
" electromagnetic waves. ™

o

*» The radiation from the sun has its peak energy transmission in théq@ﬁié)
wavelength range [0.38_to 0.78 micrometers (um)] of the electromagnetic

spectrum. > e dsb e
P O’f c),-P_.ﬁ, oP, 0 LV db‘*’ v ;&:J’l)\
: s
* The sun also releases considerable energy in the ultraviolet and infrared A PR
regions.
AL WA
. Lmety-mne percent/of the sun's energy is e emitted in wavelengths between
0.15to 40 um.
9 o
= solar radiation striking the earth generally has a wavelength between 0.29 and
2.5 pm.
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1%+ /The amount of(incoming solar radiation )received at a particular ~
& o2 | time and location in the earth-atmosphere system is called - £ os 2%
o >

9 Yinsolation. | e 223\ Wy a0 B e
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= |nsolation is governed by four factors: '
o= H S,
Th\ .
_ . ™= Solar constant SR\ >
et "'—Tansp_aLency_oLtm_atmgphere > Gl weubs
e . Dail sunlight duratiofit 3.0 83 o Sis
= Angle at which the sun's rays strike the earth
Gasd\ T 3\
R e e 7L W B

Values for Solar Constant
oMo

1.94 cal/cm? min
1,353 W/m?

428 Btu/ft® hr
4,871 kd/m? hr

Solar constant =

(3.
.
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Transparency £ i s e Y )
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. Transparency of the atmosphere refers to how much radiation penetrates )
the atmosphere and reaches the earth's surface without being depleted:h)_ -
Lot \

= The emitted radiation is depleted as its passes through the atmosphere.
* Different atmospheric constituents absorb or reflect energy-in-different ways

and in varying amounts. e Gpae S\ ufwr aom\ &
VRV SRV AN
= some of the radiation received a. Reflectivity b. Absorption
by the atmosphere is reflected G s,
from the tops of clouds and e ' - B
SRy ) —_ TR
from the earth's surface”and o
some is absorbed by molecules
and clouds.
== GO §
Ozone e
molecule QO Cloud
Water
vapor
molecule
PV Saidany s T B R G e
A% V) WECTU S ST | W
Dayhght Duratlon < SRS EIS
' o\ X’
= The duration of daylight also affects the amount of insolation received: the T ] 2
lo_nger the period of sunlight, the greater the total possible insolation. e B\
o N\ L5 p N B\

. _ JrR> w
* Daylight duration varies with latitude and the seasons. At the equator, day and
night are always equal. In the polar regions, the daylight period reaches a
maximum of twenty-four hours in summer and a minimum of zero hours in

winter. gg;;;n;;;o's-[ce Y SUl s & NN s nge D\ N g
g . Loogest doy
. \ * & ' . » . .
CH o? ()} g - : Spring or Fall equinox Sl 22U 3 I\ ses S \.’\\-!;‘Q\;'
N . s’ s (March 21 lSoptorlnbor 21) a0, 4
. R D ht
Y s O A:vy\o:;noqn«ﬁl s\ 24y ‘\'3 2

e Winter solslice s \!
(Decomber 21) Shonest day

F:i\‘l—Sauhn o a B 7 : r 12



https://v3.camscanner.com/user/download

B L W Pt T VYOV &y«s\:‘\”“
Angle of Rays b

ad s T AL TVRER SRS PO AL TS O 38

T - dam \5\

» A relatively flat surface perpendicular to anGncoming vertical sun rap " o S
. . : - 5392\ v o M1
receives the largest amount of insolation. <

Insddion 38 SN\ Galew

= At solar noon, the intensity of insolation is greatest. In the morning and
evening hours, when the sun is at a low angle, the amount of insolation is

small.
"o &\ .\“50\'-49:.\»" é_p.s— 'Q\: ';,D)\ +
Pl was oS0 msdede AW AN WA 1B oo Wi\ 2403\ %
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Heat Balance - g e e R ey
* The @ absorbs short-wave sQIar radiation and emn_slgg_g@mm\ﬂh
terrestrial radiation. 05 Wb suaw 1) Qb

Q"""‘\"U‘-‘-vu..) &2\ g0
* This phenomenon explains the reason air temperatures are usually warmer on
nights with cloud cover than on clear nights.

*» Since energy from the sun is always entering the atmosphere, the earth would

w'( 227 A - overheat if all this energy were stored in_the earth-atmosphere system. So,

"~ .os  energy must eventually be relegsed back into space. On the whole, this is

é;&\’%‘"o what happens. Incoming radiation eventually goes back out as terrestrial
radiation, and a heat balance, called the radiational balance results.

* For every 100 units of energy that enters the atmosphere, __,1 units are
IR 5\ ()23. absorbed by the earth, 19 units are absorbed in the atmosphere "and 30 units >
w7 zh”\' are reflected back to space. The 70 units that are absorbed by the earth- 23~ R
A atmosphere system (51 units +19 units) are eventually reradiated to space as -~ oy ¥

long wave radiation. 7\"‘; e a\
-——- e — -,
i M. QHI(_lElI“ o - r A :)3}’?)
;) o B\ s o,u-.nﬁ re“_;)\ u.-J\ u_J Jgu,;’ O\ 9 u,_d: 1) 'I.\C‘\ )“‘Q
EAVEVARN
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Incoming Outgoing Radiation
Solar Radiation Short-wave (30%) Long-wave (70%)
100 6 20 4 B 38 26
_4 4 4 A A A
ATMOSPHERE
16 Net emission by R
Absorbed waler vepor,  Emission
by water vapor, CO. by clouds
dust O, Absorption by
15 walter vapor,
3 CO: ’
Absorbed Latent
heat flux
by clouds Net surface i
Absorbed eniiésion of Sensible
heat flux
v long-wave radiation h
OCEAN, LAND 51 21 7 23

The mean annual radiation and heat balance of the atmosphere
relative to 100 units of incoming solar radiation

Source’ National Academy of Sciences 1975, p. 18.
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> 873 "( “@ Air moves in an attempt to equalize the air pressure imbalances

that develop as a result of variations in insolation and

4 differential heating.

.

= Differential heating is the main cause of atmospheric motion on
===

the earth
g
= Air pressure is a function of the number of air molecules in a.

given volume and the speed at which they are moving.

AT ouai LM CUayPd GRS /samo

= When air is confined within a certain houndary, heating the air
increases its pressure and cooling the air decreases its

pressure.
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Topographlcal Inﬂuences

uwko—J\ 3-’\.»
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Terrain features or topography: The physical characteristics of the earth's ™
N‘Mﬂ—‘
surface,

0?.33\'!)" $\W (T RO ST R "\',\49\‘\&’-&4‘“ ROATEE P w w} 0\‘-3"’

* Topographical features(_n?t@ influence the way the earth and its

surrounding air heat up, but they predommantly affect air flow relatively
close to the earth’s surface.

a—

sSP\ owl os Gox éw.cr:flt-p-‘o
- R > U W
; 2\ — .
s\ gL 2L [0 Qo\\&c'm
R s
"""‘ TS < T TN ey -y .' SRR (S o sl af Rige o o Y "':‘T"'_"" ‘r——‘"'-“
S M. S“d"‘“ S ; - I TR NN L et j Eoe (/) &t g
o - B T T N - e ~
& A it =Sy St b AN E Y, 3 3’ e g AT
Topographlcal features affect the atmosphere in two ways
U-SW w}’ o* \’\\3 \.: N
» Thermally (through heating); and ~ =4 owas 3 S\ e\n Y ’..-Lu
» geometrically (also known as mechanically). R
- e wal
. . U
= The thermal turbulence is caused by{differential heating. Different objects give . ;_’“’ N
off heat at different rates. For example, a grassy area will not absorb and T\

) subsequently release as much heat as an asphalt parking lotal D1 Ol s a3y , ,.....,u o)
555 AR

,|,u| 137 = * Mechanical turbulence is caused by the wind r different si nd

“l3e Jent G shapes of objects. For example, a building affects the wind flowing around it
ifferently than a corn field would affect it.

M
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Flat Terrain st SMA o8

flat for topographical purposes. Included in this category are(oceans even though 1
‘they have a surface texture; and gently rolling features on land (&)\ & estbus o OVERL

e pu3 o R DN W @\ G

Myl aoe
5y \j\3"* Turbulence in_the wind_over

. : B \flat terrain is limited_to the
Ve VU 2 0 0unt of roughness of either o

s 3 ¢ hatural or manmade features =
Q,_," ltl_\it are on the ground. *g:::mr* {178 M&

Wl Caet W ETE mBRE
s &' = The tures induce a ——t .
G_rlctuonal effectdon_the wind '

speed and result_in the well

known wind profile with

height. N
2VP\ B emd 2K e
FAVEL PIE AV UGV S VYT V'C I | W R )
i “ Ml Saidan S P2 ot ‘._-_._____.,_-..-,__‘_“*_i L LI_Q‘ %
Co mp lc, A
- "AW 6\.—-’ ()ﬂ) |LP_\ \3 Utf \’
e E:; . Sl nass - b g o oleind [ S0 03, TP SRR
Urban area Suburbs Level country
Gradient wind
Gradient wind
£ o8
=
o
]
I Gradient wind
95 —
a1
86
‘ Lol ﬁ 78
—"'—-—?_,—.i’] il b a&-" s
0 5 10 0 5 10

Wind Speed (m/sec)

Examples of variation of wind with height over different surface roughness
elements (Flgures are percentages of gradient wind.) Source: Turner 1970.
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ch over flat terrain is due to natural or manmade features.
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- Mountain/ Valley: complex terrain.

CAS A\ S A S s of

::.'-""'-"-.’4' Glovs  comPEt O\ N\ & s\_,y‘\
t't...fffil oY N » Y\ s .

All air pollution investigators agree that atmospheric dispersion in complex
terrain areas can be very different from, and much more complicated than, that

over flat ground.
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o "orientation of the features.

w2 5 S ?ﬁe numerous combinations of mountain/valley
z1 >W\ o grrangements include a single mountain on flat
s>l terrain, a deep valley between mountains, a valley in

>Y %21 flat terrain, or a mountain range. However, air tends
> “"-;"’ to flow up and over an obstacle in its path with some

adly o §

-

A *‘z”p "the air must try to find its way around the sides of

aa

o
PV
&

5 the mountain. If the air flow is blocked, then trapping

Loy oo o3 D p Bl S TR I M NS e

Mechanical turbulence over mountaln/valley terrain

—>
is invariably connected to the size, shape and

air trying to find its way around the sides. s3\s Moo
[ s B2

If an elevated temperature inversion (warm air

overlying cooler air) caps the higher elevation, then

or recirculation of the air occurs. B«nght,_hllls‘and T

mountains induce downslope wind flow bec;’ause the

air is cooler at higher elevations. 2

A
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=

/Thermal turbulence in mountaln/valley terrain is also connected to the size,
% shape, an orlentatlon of the features.

A\ B Lo\ 7y Dgls o o

= Mountain/valleys heat unevenly)because of the sun's motion across the sky:

w7 22N
> In_the morning, one side of a mountain or valley is lit and heated by the sun.” ™= 22

The other side'is still dark and cool. Air rises on the lighted side and descends -
on the dark side.
. » At midday both sides are "seen" by the sun and are heated.
2> PR “"”> The late afternoon situation_is_similar to the morning. After dark, as the air
it f;,,\:, cools due to radiational cooling, the air drains down into the valley from all

-

~ noen

higher slopes. a.m. noon p-m.
= Tl e L
,\,3{\ 0> 3 .4) E?.__., ‘M} ,:E
SN g M\ 9y S Al ™ A A
RICLIA TV e '{'\' ‘Jf‘.ﬂq 2{ v ?} % ; v
///‘.’“ \/
Light Dark | Light Darky] Light
i}‘ M, _Sai'dﬁ'n" g ' ; 25
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The upslope and downslope wmds occur durlng the day and night respectively. In a ~ A

I\
true valley situation, downslope winds can occur on opposite slopes of the valley * ‘-

causing cool, dense air to accumulate or pool on the valley floor. L

This cooler air can move down the valley resumm to cold air
’___R

drainage. Also, since the cooler air drains to the valley floor the air aloft is warmer. ~ 3 & s%o\
’(,;)\ bs. Qs

This results in a temperature inversion which restricts vertical transport of air
pollutants

o Dy | s
Ol 4

Lo

Upslope‘ qnd [
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N\ ity
Sea b1 eeze due to d1fferent1al heatmg

452 As the sun shines down on the
PP ”-"l:’ land/water interface, solar radiation é é é é
o' ‘:u H will penetrate several feet through the s =T '\\‘
Sk water. On_the other hand solar }
wr . radlatlon striking land will only heat the , ‘)')
@t ¥ & 6ot few inches. Also, as the sun shines \ ;
ZLo-’ o . R Low ~— N . / High
‘!W on the water surface, evaporation and _egessur:\ ~— -~ presl%:re
some warming take place. . ., o ¥ = =
g p ‘.’f»‘) 24 ﬂﬁ\,'; > M“"" — - T
’M\ N ) o) % v Heated land m__.m._ _—"*_:, -
o PN\ 27 ¥ e = S -
: Pl e~ "o N\t

The thin layer of_ water next to the@uw_\@.@g@ﬂan MiXes g o8 &
downward, overtUrning with the small surface layer that has warmed. This mixing = ># ¥
"’——_-—“ Ty -

of the water layer close to the surface keeps the water temperature relatively
constant. On the other hand, land surfaces warm quickly, causing the adjacent air to

— g\ e <
heat up, become less dense, and rise. The cooler air over the water is drawn inland _ . s
and becomes the well-known sea. breeze M N7
! \
& M b.nddn | | B0 28 3

BN 350 gh e oI SN 025 Q9 $UNN R Gaid e BN T ROTET oS e
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At night, the air over the land cools rapidly>due to radiational cooling, which
causes the land temperature to fall faster than that of the adjacent water

-

body.

&

2 2o N5 A e 3 N

e N

This creates a return flow ca|led_thélw)

———— g T —————
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High \ >
pressure \, "—"" / Low
— pressure
—_————
Cooler land ——o —
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- Urban -
= Urban areas haveladded roughness R Sk
l features and different thermal A

characteristics due to the presence
of man-made elements.

.-

Hawy
= The thermal influence dominates

the influence of the frictional
=5 NES>
components.

wpstisRVala e s , :
- 551 4> ®  Building materials such as @rickyand

WG 5 sed &2 (Concreté absorb and hold heat more
efficiently than soil and vegetation
found in rural areas. After the sun
sets, the urban area continues to | The city emits heat all night. Just when the
radiate heat from buildings, paved | urban area begins to cool, the sun rises and
surfaces, etc. Air warmed by this | beginsto heat the urban complex again.

urban complex rises to create a Generally, city areas never revert to stable
dome over the city. It is called the conditions because of the continual heating

- that occurs.
_heat island effect.

| . ' ' {
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~ Air Pollution: Concepts & Factors
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Concepts  -- o '% ;;\

e A X &
» O\ 22 W\ A S
= High wind speeds result in lower pollutant concentrations,

W
R R A 2
fom Seasonal wind directions and patterns |dent|fy communities
Coveanyo I\ °

eip 3 that may be vulnerable to pollutant exposure,

e

l‘-"\ -W\ A F-\
= |n urban areas, for example, a record of wind direction is used to

221" 12" “estimate average concentrations of hydrocarbons, sulfur dioxide
.vf '/ and other pollutants, C-V TW?
e POUtan

Rotating Cup
Anemometer

’

. .
» I3 . . ' - 3
A wind rose is a diagram designed to depict the relative

frequency with which the wind blows from the various
directions around the compass. Specific information can
be recorded for seasonal wind patterns as well as local

fluctuations by time of day. 2V, e 0 NN @
A o
Wind Direction Vane
. \.“‘L‘l' ' \, \W
FEIF4E MSmdaA’“v"v R R R 0 ) i | 2
| s, “...4......——.” R e . T e I s TN ,_Ar. bl - —
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Wind rose e

[ a
." A wind rose is a chart N —\\
which gives a_view_of how
wind speed and__wind
direction are distributed at

(mis)~y ani t

- | R
L i T Y Wind Speed
l y 1550 (1 %)

a particular location over a /," ' \
spedific period of ime. [ (/[ 1\ A
.A_._-__.f—-———‘;.x lc l W k! l«E -1 1080 (G 1%)
n
S @' 4~ NNW " .h,’_t /“;"(f o 823 270%)
< - N_[. ,\ / / / G
+& 20% . () / /:J Y g
oo . . \ /o M s as0%)
s 4T o L P A 7 5
;4 \3‘\ o: R\ , s 2 : . R W 309 (22 6%) _
: w o em Al I o )
NI v =\ iy N Fer
¥y L. wsw | ‘ £SE gs Gvorege o K e sl
oo - h - § e e EEIIT e — .)"\ wl"‘\d feSe _-_-'}\
(0 - % = -
%ot ssw _  SSE s = M B2p5 5 Gyl cuno
Tl BEPPE W 22 e, -
\/-\/m 1530 2030 3030 5060 .\’;\{
~ M.Saidan e S G B DTS R
o < : e e f“\ \-‘ »\
* Atmospheric Stability AR
' W\ St S\ e vSe v
F g

= While wind speed and direction generally relate to the horizontal
movement of air, atmospheric stability relates to the forces that move air

e

= The_vertical movement of air, or atmospheric stability, is most directly
affected by high and low-pressure systems that lift air over terrain and
mix it with the upper atmosphere. o2 be 3

u"’.)ﬁ-‘o)' —

——————

mg\@mgjmg of air are atmosphenc@emgeraturband(ﬁressuf@

= Differential heating: Conduction & Convection (the vertical mixing of the
air)
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Principles Related to Vertical Motion . .o ..

Parcel — 5 \:\::_ B et 21 Al D S0z oS N G ke
2hP AW\ Uamall 359 24 a0t \5\» C:-gd.cn /
= (A parcel of airfls theoretically infinitesimal parcel is

a_relatively well-defined body of air(a c}onstant 1‘

“number of molecules) that acts as a whole. ”» e

‘) o\ abron

= Self-contained, it does not readily_mix with_the
surrounding air. v LYW I waeey 3L

= The exchange of heat between the parcel and its

. . . o P ~ s
surroundings _isCminima), and_the temperature @209 20

within the parcel is generally uniform.

= The air inside a balloon is an analogy for an air
parcel.

M. Saidan A bt i i ses 2

SL‘L:':‘.’\ Eva 3}-3:\&.4’ 3.3()\ ds\_,;—
Buoyancy Factors T
N3

Y .
= Atmospheric te '__perature and pl:essu[e influence the buoyancy of anrf__ IVACI
parcels. Holding « s other conditions constant, the temperature of air (a [

fluid) increases as atmospheric pressure increases, and conversely r.\-/‘f"
decreases as pressure decreases. o) by va s

b Ll “® With respect to the atmosphere, where air pressure decreases with
o U rising_altitude, the normal temperature profile of the troposphere is

» wp e ONE where temperature decreases with height.

v oo

= An air parcel that becomes warmer than the surrounding air (for
example, by heat radiating from the earth's surface), begins to expand
and cool. As long as the parcel's temperature is greater that the
surrounding air, the parcel is less dense than the cooler surrounding
air. Therefore, it rises, or is buoyant. As the parcel rises, it expands
thereby decreasing its pressure and, therefore, its temperature
decreases as well. The initial cooling of an air parcel has the opposite

effect. N D
80 22a) 2o .,-u-“ 2 AU TN é"\ ERYS 3“. Rereed  d\ &

t M. Saidg n- 1l L, 6 .
— Q‘PM v )-'J‘ JU““‘M\"‘&”%““""‘“&UJ. ’L\ é;\—-:,l\f é,:—-&n»... s DDA
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’f.‘f)
' In short, warm air rises and cools, while cool air descends and warms
)\ qL’)? \ﬂ\ &\ k _—‘;_ L’» 7:'_—." AA‘__,I_____,_ (BT . e ‘. .
pareal = e ——

PREFTaR The extent to which an air parcel rises or falls depends on the relationship of

its temperature tothat of the “surrounding air. As long as the parcel's

. ~
a\ Y
Vo temperature is greater, it will rise; as long as the parcel’s temperature is cooler, s o
it will descend. SAs A0n T AT
| r ow Lt Ui 0L,
|
' When the temperatures of the parcel and the surrounding air are the same,
tllggg[_el wull neither rise nor descend unless influenced by wind flow
. M.Saidan
—==  BALLOON COMPARISON
:. 1w y
[ B
o 0 (3] o o0
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Lapse Rates \/:

T \...-Mf
Wl Ly

v ).5‘_: A l‘&?—ren(,c

, | A
= The (Iapse ra@ is defined as the rate at which air temperature changes with -

height. . -
A gus AT s

&>

Jaw

S0 o N

= The actual lapse rate in the atmosphere is approximately -6 to =7°C per km (in AN

the troposphere) but it varies widely depending on location and time of day. ~

= We define d'te decreasd with height as a hegative lapsg rate and a

\temperature mcrease with height as a positlve lapse rate.)

. ¢ e S

oo )

AV

£ s 5 W\ erp 5 Guee\ 330

 M.Saidan

7
~9k"

65

:a\,.n\ ur\' * Jdope

\(-

Dry Adiabatic lapse rate

2
> The dry {;baUC lapse rate is a fixed v R R RT R
rate, entire nt of ambient \ \ \ \

air temperature. \ \ \

An air parcel that is warmer than the \ \
surrounding air does not transfer heat
to the atmosphere. T

A dry_ air parcel rising in the
atmosphere cools at_the dry adiabatic \ \
rate of 9.8°C/1000m and has a lapse
rate of —9.8°C/1000m. Likewise, a dry \ \ \
air parcel sinking in the atmosphere \ \ \ \ \

Elevation, km
-
|

heats. eats up at the dry adiabatic rate of e
98'C/1000m and has a lapse rate of
9.8°C/1000m. Air is considered dry, in
this context, as long as any water In it

\ In an adiabatic process, comgression
results in_heating and expansion results |

remains in a gaseous state, ln coollng
Gt il o e p—
Cui P )Mé‘ ord ','r’tx"’” AL ' I 10
- -L-“)L.l 'f.&.l-:, -a} [ FEBSe - e
1S a o o’\ waker )\ U
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Wet Adiabatic lapse rate
My 9P 2y “

A rising parcel of dry air containing 2
TR Ky Ay =

t
0 water vapor will_continue to _cool '
ewpi?  at the dry adiabatic lapse rate until
& W it reaches _its condensation
wet temperature, or dew point. At this '
3 point the pressure of the water -E, "-. "T“
vapor equals the saturation vapor & 1 f— -/7 —
pressure of the air, and some of ui;
the water vapor begins to
2SN condense.
gss i = Condensation releases Iatent_h_eat
\ *‘“\ in the parcel, and thus the coo_ling i
st rate of the parcel slows. 10 20 30 40 0
MR

Temperature, °C
M .AAJ-” f‘ &"
C';‘h 1 Unlike the dry adiabatic lapse rate, the wet adiabatic lapse rate is not constant but |

r depends on temperature and pressure. In the middle troposphere, however, it is
assumedmbe_apmmately -6to —7°C/1000 m.

- M.Saidan s 2P s L
Environmental lapse rate
?o((}"\
The actual temperature profile of the 2r7w | | T 7T T 71
ambient air shows the environmental 4#‘ 3 5
lapse rate. 3;; \ Environmental
> \ lapse rate .
2\ . - b O N
Sometimes called the prevailing or 5 e
_atmospheric _lapse rate, it. is the | g \ R
result of complex interactions of | ¢ o~
- . .§ 1 a\ s _—
meteorological factors, and is usually B \
considered to be a decrease in é
temperature with height.
- Dry adiabatic
It is particularly important to vertical Hpse e
motion  since  surrounding ___ air
temperature determines the extent to o] [T A Y O O I
which a parcel of air rises or falls. 10 20 30 40 0
WA T Gy VBTl oo, b 2

Temperature, °C
‘u' Al )d“ 5;!-\

e

; —\\\crr-w\\ ““"‘Us.w“"}' ;l\j"\ Jf;
M Saidan L L A RREEEEE

v 1
e R

‘ ‘,‘..:...‘.’L;;Ll..

PRCG R IV

CamScanner


https://v3.camscanner.com/user/download

» The temperature profile can vary
- considerably  with_____altitude,
sometimes changing at a rate greater
“than the dry adiabatic Iapse rate and
sorm/__’tl’m_es changing less.

= The condition when temperature
actually increases with altitude is
referred to as a
inversion.

The temperature inversion occurs at
elevations of from({200 to 350 m.)This
situation is particularly important in

air pollution, because it Timits vertical

air motion.

LYy G 3 aw ew W

M Sa:dan

air mofion

temperature '

7

D

DU veelical Mt aa» e

tion, km

El

inversion

Temperature

-~

Relationship of adiabatic lapse rate to air temperature

Elevation, km

Temperature 'C
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L T“
g5 agieeRy Sde ol P oy | —Enwenment
Mixing Height "2 % * N
h gl e
é\{“ In an adiabatig, diagram, the point at which § - 3 &=
the air parceiécoolinLat the dry adiabati g‘ o 6!‘9‘. Air parcal
lapse rate intersects the ambieﬁ% " B Ve empersnreotao| - ot
» temperature profile “line” is known as the D ENE i P ) “ o5\
" g height T 2N
\;’l\ u*:'\ o : . o 10 20 w40 50
X This is the air parcel's maximum level of  TemperawreC

5 abo> ascendance. In cases where no intersection
P occurs, the mixing height may extend to
> » Terpeaure
great heights in the atmosphere. T petia

| A
T lvarsen layer
l EBase

-

&SN The air_below the mixing height is the ]
3
-

u.p N\ (mixing layer) The deeper the mixing layer,

-

;‘ the greater the volume of air_into_which
e :
o pollutants can be dispersed. P )

B 3 20T Qe 2,

Tempestuty ——— o

M. Saidan s 15

S ST RN e NS B R AR P A asll —— - =ity (LI SaSSsu IR SRR AR |

_Coioa o ™o .
- = 5 o

S5 S 3% 5\ ~ ;
,.p_sug N * down “ qu\{ojﬁ)\'.“w W\

Atmospheric Stability

o A SASN esm i N =2

= The @—r' ilit e_atmosphere (1? d ined by the
temperature difference between an air parcel and the air surrounding it.
I\ 257 W ol 088 VA el e 2 5 e
= This difference can cause the parcel to move vertically (i.e., it may rise or
fall). This movement is characterized by four basic conditions:

PN e yeNod 7 @ 208 3

? 2 . K 3
tablg@ conditions, this vertical movement is discouraged, o ‘fﬂ;‘ wJ
unstable )conditions the air parcel tends to_move upward or

dgyg_wak and to continue that movement,
AN ~ In@ eutral tonditions, the c ither encourage nor
)-_’, W 3 discourage air movement beyond the rate of adiabatic heating or
(R 39' ” o
3 f nversiop conditions, which are extremely stable, cooler air near
o ,}.:. the surface is trapped by a layer of warmer air above it.
) ¥ "“f 3. v,
o . 7 7
3 '-9\ 2
RO A e (Ao * = i o J P}F'—'} 7 (P 1 ‘._-7 4 - » . »
JA® o [LEM: Saidan M‘B‘“_ B R
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) e ooy O AT " %
PN skl TG
r nstable COndltlon wnskoble (o b o5 Gpos s SN\ L b

*  This assumes that(the surrounding 2T L L L 4,

e atmosphere has a lapse rate greater \ ;
S A s \ , — Temperature .}’)
than the adiabatic lapse rate)(cooling difference

at more than 9.8°C/1000 m), @i&ét
y,_'uthe rising parcel will continue to be
warmer than the surrounding air. This E
is a superadiabatic lapse rate. § 1

L}
L)
= — ".‘ - Dry adiabatic Q jﬁ"
. , ; i L} lapse rate
the temperature difference between ‘
Environmental

the actual environmental lapse rate lapse rate
\ and the dry adiabatic lapse rate
\bctually increases with height, and L 11
uoyancy is enhanced. — ) 10 20 30 0 50
. o\ﬁ\ MJ’ .
N - . Temperature, ‘'C
Ppuey R e 3\”!9\ o>\!| 2 A3 *
=M. SaidangRifes iemin /o Sniniig 2 s £ f7 s

¥\ uns\m\'_‘c\_.',_%, Co2 i ‘q_{’)\ Lo b %

w&!h

rn e \\o Ao a\Se Jy U A\ AN 4 R o 3 8% R ass -
T ' 8') \:\u) o WAy
B 4 thé il rises, cooler air moves e N

underneath. It, in turn, may be heated by 2
the earth's SL@MMMWse

Under such conditions, vertical motion in

both directions is enhanced _and
considerable vertical mixing ‘occurs. T,he

o] %217 o degree of instability depends on' the £
\ degree .. of difference . between —the § 1

N P

\ / A4

/ ’ environmental and L'ddiabatic lapse §
)""

/ ates.
f s
\’T\
o Unstable _conditions _most __commonly

develop_on_sunny_days_with _low_wind
speeds where strong insolation is present. 10 ~a 30 40 50

/— Dry adiabatic i
/ lapse rate

N ? Temperature, *C
unoohe N\ o P ;

R
i
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Neutral Conditions

b'S
When the environmental lapse rate is the
same as the dry adiabatic lapse rate, the
atmosphere is in a state of (neutral

stability)

Neutral stability occurs on windy days or
when there is cloud cover such that

strong heatmg or coolmg of the earth's
(, surface is not occurrmg

Elevation, km

NI [P ORI BN B Y- N

Neatral
M. Saidan i e it i b LS iy e 9 SRS
verbionl, B 2 Y L) g N U by
M‘-L ; : .\\ d‘ %
Stable Condltlons T
§ W N &
Voetirded ~ S

hen the mﬂmnmental.lapsitale_is
less than the adiabatic lapse rate
A (cBol\s at less than 9.8°C/1000 m), the .
.-, < 3ir is stable and resists vertical motion.
,”;‘T _ This is ‘iﬁbadiabatic lapse\ rate. Air . _
SR that is lifted vertically _wj[ﬂin 5
reckicad cooler, “and therefore > more dense than

oW the surrounding air.

1

g
m

252 721 Once the lifting force is removed, the p.

QL 3,39\ air that has been lifted will return toits Dry —

T adiabatic

s s, ori original position. A

N s 2

<« Stable conditions occur at night when L | i o o e fiany
there is little or no wind. % 10 20 30 40 50
AN\ g o ‘ * ' Temiperature, ‘C

R s P 3 ;3 RTINS 220 '
the M:s.‘mgnl“-l. wis R --A-—lﬂ.s—“.l..n—b‘.!’ "r '3 &L-u ——-&m . - L — ‘20 —
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4 o Conditional Stability and Instability

v Conditional - T Y LI L L
instability  occurs \ N
when the ". — Wet adiabatic lapse rate
e \ -6 *C /km)
environmental \ / ( Uratibie
lapse rate is greater \ atmosphere
than the wet [ \
adiabatic lapse rate g \
L)
but less than the & [~ =
> 4
dry rate. & Dry adiabatic
,L w lapse rate
i Environmental\ % (-9.8 °C/km)
v Stable __ conditions lapse rate —_\ fmhe’e
occur up to the (-7 "C/km) N,
condensation level Mg
and unstable L I
conditions occur 10 20 - 30 40 50
e ool AR
above it. Temperature, ‘C
M. Saidan B el B 2}_ S
) WK N VRS WP W 7T C WX~ il il N\
. . wwWers.ah
Inversions
“2 2N FUN S o w3 s e 2
An inversion occurs when _ air
temperature increases with altitude. ~ 2f T [ T [ T | 1
This situation occurs frequently but is 5
. ‘.. ny
generally confined to a relatively \ //— adabatic
shallow layer. ‘s lapserate
\u"’ s\ ‘i.
..-. 1 Plumes emitted into air layers that are § 5\
» s Jinyse Y i Tt g % .
A ?/ experiencing an inversion (inverted =, ‘.\ ]
4 ;_ layer)/do not disperse very much ag they g \
¥ % 7 are transported with the wind. Plumes @ \

LN T that are _emitted above or below an
mvgrged layer do not penetrate that

layer, rather these plumes are trapped
either above or_ below that lnverled

_— Environmental
lapse rate

layer. 10 20 30 40 50
e 19 NN L e Nawes A 3
‘“«\!:;:r TN AR & A Temperature, *C
S\ 5 RVSRPURIP LRV YO T —
g S "‘.@ S R om0 R
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Radiation >
(R z—.""_
= The(radiation inversion)is the (nost common form of surface inversion and 335 25
. occurs when the earth's surface cools rapidlv)As the earth cools, so does the o;,m A

layer of air close to the surface. If this air cools to a temperature below that 3352
of the air above, it becomes very stable, and the layer of warmer air |mpedes 0O o

any vertical motion. _ass s 27 «ipb ) WV 02 2 np 398 o NG Vo 3\ 4 ser U
= Radiation_inversions usually occur in the(late evening through the early

morning_under clear_skies with calm_winds, when the cooling effect is

greatest.

Y
Fald w® 2% The effects of radiation inversions are often short-lived. Pollutants trapped by
o A <¥ the inversions are dispersed by vigorous vertical mixing after the inversion
R Y) o preaks down shortly after sunrise. h NSRS ]

& oV g\ This situation is most likely to occur in an enclosed valley,
P\ » 2 where cool, downslope air movement can :
reinforce a radiation inversion and encourage fog formation.|

M. Seideriiiis et S s i, RSRRoReR,

U3l ad ) o o cad o5 G\ 5N

Diurnal Cycle of Surface Heating /Cooling

Subsidepnce. .
inversion

A T L L e L T

MIDDAY

1km

Mixing
deptin |

NIGHT ~ MORNING AFTERNOON
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~ Advection
e >
L ™ » Advection inversions are associated with the horizontal flow of warm air. When

R 5 7% warm air moves over a cold surface, conduction and convection cools the air
.—*‘,’—————'— =

»™ closest to the surface, causing a surface-based inversion .

NS LS
| s\ e = Thisinversion is most likely to occur in winter when warm air passes over snow
"~ coverorex ly cold land.
Warm 3x
/———b i
Wlw
’Q_-I\>
l'o ama
g ias b " Coclet a1
Codaf .
L TR Cot e 0 SRS
- M. Saidan SRR EaB s ast e o k] TR
PO Ssehene) 2%, ﬂ\w\ I\ $ W A W 2

Subsidence Inversmn
N ———— T —— 'hj'\ ﬂ\b.ﬁ\ L~ -- “J"’\
= Associated with atmospheric high-pressure systems (anticyclones). Where air in an a
M e anticyclone descends and flows outward in a clockwise rotation 2 1,00 ) an\m_,;

e P ds s S 9 e o\ \
32 dwi 3 As the air descends, the higher pressure at lower altitudes compresses and warms

2 '—‘“‘ it at the dry adiabatic lapse rate. Often this warming occurs at a rate faster than the

2> &  environmental lapse rate. The inversion layer thus formed is often elevated several
hundred meters above the surface during the day. At night, because of the surface

air cooling, the base of a subsidence inversion often descends perhaps to the

ground. _ ——
e 5
Persists for days
2
g
L ra el
B o
M. s?l.dLaP: e 459 n.‘h?g u\ -£ '“ ,, Al
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4

Stability and Plume Behavior

N

* The degree of atmospherlc stability and the resulting mixing height have a
large effect lon pollutant conceﬁt?éﬁgﬁ? in the ambient air. Although the
discussion of vertical mixing did not include a discussion of horizontal air
movement, or wind, you should be aware that horizontal motion does occur
under inversion conditions. Pollutants that cannot be dispersed upward may

be dlspersed horizontally by surface winds.

Qoad L TRBL 9N Ve O\ e 5735 M PIIPRIIAT ¥ T <

I{The combination of vertical air movement and horizontal air flow mfluences]
the behavror of plumes froin point sources (Stacks -; MV ) oy Vs Wouo

. P RN

M. Saidan

-

sut‘omé'w%-“ 2\p C‘W '\,','eg\iu S O\ <= P\v.v&e.

Plume Rise 2

The distance that the plume rises above the

stack is called/plume rise.) Y] 4__f_‘__’l' A

e~
It is actually calculated as the distance to the

imaginary centerline of the plume rather
than to the upper or lower edge of the

plume.
— )’J f &;
The Plume rise, (Ah d_pends on the stack’s

physical characteristics. For example, the
effluent characteristic of stack temperature
in__relation _to _the surrounding air
temperature is more_important than the
stack characteristic of height. The difference
in temperature between the stack gas (Ts)
and the_ambient air (T,) determine plume

density and that density affects plume rise,

oM, Saidm R N e ot ke i @88 300 e

e «5\-

CamScanner


https://v3.camscanner.com/user/download

The looping plume

gl oS 2 b ST S 9

It occurs in highly unstable conditions and results from turbulence caused by
the rapid overturning of air. While unstable conditions are generally favorable . s
for pollutant dispersion, momentarily hi -level concentrations can ;G sas

occur if the plume loops downward to the surface. i 3 \a\ S o2 ey RO
D5 e \ysP a‘t‘il’

?l]\l]illil

The fanning plume Wy e

. o~
It occurs in stable conditions. The inversion lapse rate discourages vertical
motion without prohibiting horizontal motion, and the plume may extend
downwind from the source for a long distance. Fanning plumes often occur in
the early morning during a radiation inversion

2
o e
~ “'\“,
£ é\’
i 1 P A — qer\-o'ual
™oY
' g ?2
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Plume Rise: Momentum and Buoyancy .5, |
ﬂ

» The final height of thm referred to as the leffective stack height (H)l is the
sum of the physical stack height (h ) and the plume rise (Ah)

= Plume rise is actually calculated as the distance to the imaginary centerline of
the plume rather than to the upper or lower edge of the plume

* The difference in temperature between the stack gas (Ts) and ~ambient air ir (Ta)
determines the plumgﬁggty whlch affects plume rise.

,—‘.- -
— “’Wﬁmm;?
NV The Vélocity of the stack
o | gases which is a function
‘)

of the stack diameter and
> the volumetric flow rate

oot )\.'f, of the exhaust gases
.;.\w'\-“ determines the plume’s
"‘"“ Xt momentum
u_,, v .
\ -
&3 " M. Saidan eHedive Al 3\ &) ‘, o\»uﬂ\;”‘ e 3T
\nereg\e
A\ | § e
Enhancing Dispersion: Flow Obstructions -+ :;“ o
~
2000

The turbulent wake behind a building helps mix pollutants to the ground that
might not have been there normally, in dstable atmosphere. &,
= Downw (i}gsp,_gally.bad when there are pollution sources on the top of the \,\o
building. SR §A S0y,
= It is important to get the pollution emitted high enough above the building so
that it does not get caught in the downwash and get carried down to the ground

OAN Sulpl @ G e

)

Enhancing Dispersion: Flow

) s> 4‘-0\)/ L\";l\ N Ohstructions

. ), - * Turbulence generated in flow around
Sownvath 3 Wil b @0
- -

bulldings

Downwash ,-»r"\'")\

Sf‘ound A d-','_,) d:‘\:p
o )
Wake Eddy
M.Seidan 8
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. Ehhéncing Dispersion with Smokestacks

= Pollution emitted from a taller = The faster the smoke gushes out,
stack _has to travel a longer the more momentum it has, and the
distance to get to the ground, so higher it will fly M out
it will become more dilute. and disperses toward the ground.

Enhancing Dispersion: Taller IncreaSe Exit Vetucnty
Smokestacks

Larger volume { :
mix?ng pollutzn‘t" ngh v""“ Higher oxit velocity

\ =~y lower pollution
% ,'4"‘, i/ . ¢oncentration at
ground

RALTE N YN8 NS TOPENE

Taller chimney - lower sn"\o.k'
concentration at ground . -

o\ > en ﬁ“‘ﬁ

Tall and Short Smoke Stacks L S A

| i :

= With a tall enough smokestack, pollution is emitted within the inversion aloft,
forming a féé@@gmlume that does not pollute the area near the smokestack. If
it's not tall enough, it willfumigata the countryside.

= Switching the layers so that the inversion is at the ground, we need the
smokestack tall enough to be above the ground inversion, so that a lofting
plume is formed. Qrchitecty will need to know the average depth of the
nocturnal radiation inversion in order to know how tall to build the smokestack.

Fanning plume

\ S

———————

Inversion
basec

T

™~
~ Fumigating
plume

£
'.

x P A . g
R O ¢
L’.--.;"l..; Sl SU M HY n i
|Gt B
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Exit Temperature P

= The higher the temperature, the greater the positive buoyancy in smoke
streaming out of the smokestack.

* The smoke has to rise higher before it has adiabatically cooled to a neutral

buoyancy temperature - R -
S —— P— 0’ -
6
P 3' - g
Increase Exit Temperature I N Al
» 5
* Hotter smoke is more buoyant -
Hot plume I
Cool plume
M. Saidan e : 3 : » : 7 1 41
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Air Pollution:

Air Pollutants & Human Health Effects

Dr. Motasem Saidan

m.saidan@gmail.com

Univ. of Jordan/ Chem. Eng. Dept. 1

Air Pollution
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/, ?\Vé'i.\ &\

ankrabaywe > & s
\ \J
/ / L)}?\'J\ c)\}-‘f\' Nal—ural & i ‘_)9;
x“"” AlI‘ Pollutlon\ Definitions = << Lﬁi o 210
. ;L/ > \ . C A
JC,@%\:Q' U/-’J 049 5\ 3ol ,ya . an made

< ® Transfer of harmful and/or of N aturaI[Syn;he;ic materials_into_the

é,,,’a (" atm ospdelrect/lndlrect consequences of human an_activity

«*{(0ECD) | T o .
Vfu\sﬂ\ rel\ g 52 ¥’

e WU ud & &
The introduction of chem|cals particulate matter, or b|olo_g_|c Iy f'"‘" ¥

materials that cause harm or discomfort to humans or other living
organisms, or damages the natural environment into the atmosphere

33N e I

* The overwhelming scientific consensus is that the earth’s

atmosphere is warming rapidly, mostly because of human activities,
and that this will lead to significant climate change during this

century
gl ;,;.:// VT Ve b AP e Yy N5 N AN A FIRIAINE S
b ‘. . .\?. ‘rh’) .\) ”J 6\ J
g & =7 M.saidan
oW <
(2]

< .:’,g:d- 3 e o9 oW’ s5a\ 3
U’\f 3 © 'a!,\\y
A o = 2 o avad I\

S -
Al P reatBPP Ceag e PaN g B g 0% &
ir Pollutants ' :
o weder 1o 5 BG0 p S
//—\
» Pollutants mix in the air to formLustrlal smogm result of
burning coal, and photochemical smog; 5 caused by motor vehicle,

industrial, and power plant emissions \)’ —
> ' n be a gas or a particulate.
> An air pollutant ca gas ¢ g_/ : s
SN Qloe WA BB e
» Sources:
= Natur rces

v Dust blown by wind
v’ Pollutants from wildfires and volcanoes
v Volatile organics released by plants

» Human sources: mostly in industrialized and/or urban areas

/_’_"—_—— - -
v/ Stationary sources —» SV 0Ge
v' Mobile sources plps\ Sy

M) 4
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Air Pollutants Classification

Classified as:
(&% ca\ b &) Shdle  yp) €02 yps W Co2 eolb

1. Primary pollutants: foreign matter injected into the atmosphere by

—

human activities.

2. Secondary pollutants: resulting from(chemicaltransformations),

typically with primary pollutanz§ind (often) sunlight.
B o I N v P\ P

M.saidan 5

Primary Pollutants

co co,
50, NO NO,
amE®)  Most hydrocarbons - SO,
Most suspended particles\ HNO, H,50,
R o T H,0, O, PANs
Most NO,~ and SO, salts

Sources Natural Stationary

M.saidan 6
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Major Air Pollutants

oMY 2 o W el

Suspended particulate matter (SPM):

——————

—

= Consists of a variety of¢solid particles and(liquid droplets
small and light enoughjto remain suspended in the air.

* The_most harmful forms of SPM are fine garticle??PM-lO,
with an average diameter < 10 micrometers) and _ultrafine

particles"(PM-2.5

),.'_,»- por

Licle 2o less Man -5 V*Iﬂcro M"Q.K'g

= According to the EPA, SPM is responsible for about 60,000
premature deaths a year in the U.S.

M.saidan

Major Air Pollutants >

geeve

#3

S\Ze

v

o

s
\»,)L"'-’ A S 4

0

» Particulate matter or pollutants can be further classified as dusts,
fumes, mists, smoke, or spray.

M.saidan

-

-

& o

Iarticle size fmnrons:

lerminology Abbreviation Diameter Range {pm)
Ultrafine - -0.1

Fine PM. « <25
Coxirse PM 25-10

Lume 3= "o pip oo\

ool ©o°
o\ L P,
'c:f)_‘\)\ z\’ax\

L \-,' A M
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Particulate Matters

-is defined a

= A fume)is also a &olid particle) frequently af metallic oxide) formed by

the condensation of vapors by(sublimation) distillation, calcination, or
chemical reaction processes. The particles in fumes are quite small,
with diameters from 0.03 to 0.3 p.

e,
. A is an entrained@-ia@ formed by the condensation of a

vapor and perhaps by chemical reaction. Mists typically range from 0.5
to 3.0 p in diameter.
—a,
" (Smokeiis made up of entrained solid parti_clﬁ.yformed as a result of

incomplete combustion of carbonaceous materials. Smoke particles
have diameters from 0.05 to approximately 1 p.

~
" 3 iprayﬂs a@pa\rticpa formed by the atomization of a parent liquid.

Sprays settle under gravity

M.saidan 9

Wow we 40 Ng
S %
¥ Measurement of Particulates

* The measurement of@ has been historically done by using
the high-volume sampler (or hi-vol).

p—

* The high-volume sampler operates (much like a vacu@cleaner,

forcing up to 86,000 ft3 of air through a filter in 24 hr. The IR
analysis is gravimetric; the filter is weighed before and afte{’_ﬂ) 0
the difference is the particulates collected. SO W P LN &S
r 4
. X
oV e 9 ol
. NN s
’M’(‘ ':;'.\;;\ J \<OQ
ZANAN .
L i _\'T}“‘"hhrr 3\&‘
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Gaseous Pollutants
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Air Pollution Effects

'{wﬁq
= Effects on Human Health ~

G PN\ L sl &2 § W BN BB\

» Respiratory problems & guswl\ w &

» Allergies

» Risk for cancer

—_—

= Effects on the environment >

Yoo\
AU \p>
ap? ! > Acid rain (Regional)

» Ozone depletion (Stratospheric) -~

"o sV |

-r '\)\x’ ’b\a‘ ) \).\ klz

N S

» Greenhouse Effect (Global warming)

o @
DY

5 P}
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Human Health Effects
Pt A R op A\
* Exposure to air pollution is associated

with numerous effects on human
health, including pulmonary, cardiac,

vascular, neurological

impairments.

and

The health effects vary greatly from
person to person. High-risk groups
such as the elderly, infants, pregnant
women, and sufferers from chronic
heart and lung diseases are more

susceptible to air pollution.

A RS |
M P/
Lol sah, (¥
e

e \.J‘.':" )\N.saidan
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Pollutant

Description

S\P N Wuo K

Sources

* Children are at greater risk because
they are generally more exposed to 5
outdoor environment and their lungs E
are still developing stage.

Diesel Exh

- ‘

Cardiovascular
Discaseo

=4

;l‘Par!Iclos

I Indoor

Air Pollution

Health Effects

Welfare Effects

Carbon
Monoxide
(CO)

Colorless, odorless
gas

Motor vehicle exhaust.
indoor sources Inciude
kerosene or wood burning
sloves.

Headaches, reduced mental
alertness, heart attack,
cardiovascular diseases,
impaired fetal development,
death.

Contribute to the formation of
smog.

Sulfur Dioxide
(80,

Colorless gas that
dissolves in water
vapor to form acid,
and interacl with other
gases and parlicles in
the alr.

Coal-fired power plants,
petroleum refineries,
manufacture of sulfuric acld
and smeilting of ores
containing sulfur.

Eye irritation, wheezing, chest
lightness, shorlness of breath,
lung damage.

Contribute to the formalion of
acid rain, visibility impairment,
plant and water damage,
aesthetic damage.

Nitrogen
Dioxide (NO,)

Reddish brown, highly
reaclive gas.

Moator vehicles, electric
ulilities, and other
industrial, commercial, and
residential sources that
burn fuels.

Susceptibility to respiratory
infections, irrilation of the lung
and respiratory symptoms
(e.g., cough, chest pain,
difficulty breathing).

Contribute to the formation of
smog, acid rain, waler qualily
deterioration, global warming,
and visibility impairment.

Ozone (0,)

Gaseous pollutant
when It is formed in
the lroposphere,

Vehicle exhaust and certain
other fumes. Formed from
other air pollutants in the
presence of sunlight.

Eye and throal irritation,
coughing, respiratory lract
problems, asthma, lung
damage.

Plant and ecosystem damage.

Lead (Pb)

Metallic element

Metal refineries, lead
smellers, baltery
manufacturers, iron and
steal producers.

Anemia, high blood pressure,
brain and kidney damage,
neurological disorders,
cancer, lowered 1Q.

Affects animals and plants,
affects aquatic ecosystems.

Particulate
Matter (PM)

Very small particles of
sool, dust, or other
matter, including tiny
droplets of liquids.

Diesel engines, power
plants, industries,
windblown dust, wood
stoves.

Eye irritation, asthma,
bronchitis, lung damage,
cancer, heavy melal
poisoning, cardiovascular
effects.

Vislbility impairment,
atmospheric deposition,
aesthelic damage.

M.saidan
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Acid Rain

| One way in which S02 is re?noved from the

| atmosphere is the formation of acid rain

B -‘?\"‘.

o\ o
;,;\ ,‘f? ¥ contains high levels of sulfuric or nitric
w\,a\ acids
‘ %
* contaminate drinking water and
vegetation ;
J Bl sl 10
ﬁ 3 ~
4 damage aquatic life » =
b2 — { o ke
*” erode buildings ~ Sl $
“/
7 ; e
v Alters the chemical equilibrium
of some soils
M.saidan
Ns+ 0 — N0
NO = (00— NO, + {0,
NOS O3 O 2 TINO 5 O F
g}’z f o c‘l.'.(.).‘ C,. \
y P’f) . (Q, N O PAMs. Othors §:
.Y N L i1 ko
A nkdaed il
A0+ S =0 AN
> SO0 RN,

SO O == NGO,

AN
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CGroundwater

Pevans e whamR mAEY

M.saidan

o S
A\ W s

16

(% CamScanner


https://v3.camscanner.com/user/download

\,ig\Jc o SN _ss
"
Photochemical Smog

y t }\"\x Ammonum sufate [INHLLS0,]
‘ *7) ; armimamia (NH ) —- -]
. ————————————
+ 0, Suunc and (H)50.)

. Al “ipor (4,01 ,I
I N ot

Carban monoxda (CO)
Wnygien atoen 10 Sultur tnaade (505 carpon doxda (T0,)

Orygen iQ) —,

| ‘ - Suftur dioxide 150,

Burning coal and oil

«— Oxygen (0;)

=8 Durnimg fousil fuels

i

Sulfun (55w Carbon (2 1
Ve e i s Fossd fud ceal and ¢l cal and 0
Thimilue Te sty
M.saidan 17

Simplified Reaction Scheme

x Hydrocarbons + Nox + Sunlight - photochemical smog (oxidants)

> primary oxidants produced: ozone (O,), formaldehyde, peroxyacetyl nitrate (EéN)

NO, + U”!\l — NO + O

A
0+ 0, e Q, |
O« 4 NO — NO, + Oy z
O« HC s HCO- s
HCO™ + O; .+ HCOo, ,
HCO, + HC - Aldchydes, ketones, ele 2 C»A’
HCO, = NO —  HCO, + NO; T » s
HCO - O, — 0, +HCO,
HCO, + NO;,  — Peroxyacetyl nitrates
1 " T
gl \ M noon Y} midiiehe
M.saidan
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e a.:.a.!ﬂ s Lo\ -» ko.s > \-5\-(.\#-\
Ozone Depletion Lt ¥ R O T

N
. 0 is an eye irritapt at usual urban levels, but urban O, should not \ « ..
be confused with stratospheric O, 7 to 10 mile above the earth’s surface. N

B ARVRYE LN
! .

o "‘"{‘”‘i = The latter acts as an ultraviolet radiation shield, and its alteration can| ©%(®\ e
55L) e=d * increase the risk of skin cancer as well as change the ecology in |

| \
wupdL 22 unpredictable ways. ‘:

a__” s @ in the upper atmosphere is created when oxygen reacts wit Iight\eneigy)

(hv):

0,+hr->0+0 O 937 <

L—]

Light energy also destroys ozone: =, 23 UV ads o®

—7 %JM‘. qu\k
03+hv—902+0 By * 8 4‘03%{

This is the mechanism by which ozone prevents ultraviolet radiation from

reaching earth’s surface. - o=
ko) el G S Owe N Wb TSI\ s Y
M.saidan ki 7 = i 20
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'V Ozone Protects earth from

NS | I L R O

LRGeS A

UV radiation Part of the
electromagnetic_spectrum with wavelengths just shorter than

visible light

A O TR T T T T A Ultraviolet
T R (IR solar radiation

\ Ny ( | )
§ \ S fimk 3 ]
LI | Lo \ ! H
Lo (A P T < ozene
\ \ L} ' { 5 v \
Py ARRRE o b nil SO
b N A Sl
//l “.:,r" ‘\,\\—- Stratosphere ——,/"'% . e ‘."\,' <
/:"__ /S i R Y / T "\
_:",‘ o/ P ‘*]“T\;T_— Troposphere ——,-_'—;rf N\ ot
.".r-'J { Wl AN fod ! 1: 2 "'._, \
[ Ozone present at normal levels I | Ozone present at reduced levels 1
{a) Stratospheric ozone absorbs abouj 99%) (b} When stratospheric ozone is presentat
of incoming solar ultraviolet (UV) radiation,

effectively shielding the surface.

reduced levels, more high-energy UV radiation

penetrates the atmosphere to the surface,
where its presence harms organisms.

. 2 % ‘!
M.saidan o AR S\ iy L)) ‘qL.b 3 ‘,u_.;' 21
as® MR\ cawn , UV o SPV @ s 2
| . s
awPl oS Q) Lo 0B S U\ N e
A e VOVl e tas e gl nCu Ay

(Dﬁ)son units (DU))were developed to
measure ozone concentration:
_—’———“\.‘

1 DU=0.01 mm of O, at 1 atm and 0°C

At midlatitudes 0zone concentration is
typically about350 DU at the equator it is
and in the Antarctic region it is

y200 DU .
® U.»','f’/s--:»\b’ﬁ

s aip3\

(RYY]
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How O, is Depleted in the Stratosphere?

» Widespread use of certain chemicals has reduced ozone levels in the
stratosphere, which allows for more harmful ultraviolet radiation to

reach the earth’s surface : L Z
I he ¢ C,F o o8p sf” &7 o 22
S A A (N )
('.“-")J\ Jf-—' » The chlorofluorocarbons (CFCs). woo |
g > — sz} i P hiress tul Summary ol Resctons
am-f N chemicals that found wide use mf ‘g_ A f.’, I‘.’;(,',".‘;"‘,, wod |
&oId\ aerosols  and  refrigeration R AR e |
systems and are responsible far @
@E

climate change as well as the
depletion of the protective
ozone layer in the stratosphere.

—

<.\ Two of the most important CFCs are

¥richlorofluoromethane, €FCI3, and %,
Lo %dichlorodifluoromethane, CF2CI2)
¢ both of which are inert and not

water soluble and, therefore, do not
wash out of the atmosphere.

M.saidan
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The ozone hole & risks 01 p gl we Tree 1w QN
as S s 20D

There indeed was a huge monster hole right in the middle of the South Pole.

AIRS Ozone Burden during Antarctic Winter

AW SPL
o), 2

1=

l=t ropulsion Labioratory HIASA-

August 11, 2005

v MASA
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This long-wavelength (low-energy) form
of UV radlation causes aging of the skin,
tanning, and sometimes sunburn. It
penetrates deeply and may contribute to
skin cancer.

Ultraviolet A Ultraviolet

Thin layer of dead cells ~

Squamous celfs‘._“_ i
Basal lay

Melanocyte
cells

Basal cell

P

Squamous Cell Carcinoma
Dl bR i

L
4

M.saidan

o,\j“‘\ sf\"" V) \.? L\ _,...NJ\
Climate Change

This shorter-wavelength (high-energy) form of UV
radiation causes sunburn, premature aging, and
wrinkling. It Is largely responsible for basal and
squamous cell carcinomas and plays a role In
mallgnant melanoma .

3 UV N BV o
L o W

»_;,,; Sweat gland _,_1.,-\)\; O\L,\N <=

Blood vessels

___Melanoma
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* The overwhelming scientific consensus is that the earth’s

atmosphere is warming rapidly, ‘mostly because of human o £ds
activities, and that this will lead to significant climate change A e D)
during this century. )
A . iy ° o 21 \'p 2
QW) Ul @\ 3 P .-
] > v 2
Sept 1979

Sept, 2007 4
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Temperatures in the Past ?

Scientists analyze tiny air bubbles
trapped in ice cores learn about

s\go? -u\-.::’ \M
o ot

past:

N S A WY P\ A\ V2N
troposphere composition.
temperature trends.

greenhouse gas
concentrations.

solar, snowfall, and forest fire
activity.

PN e g ¢ L e Taime et & V) JAVICLEN
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Estimated Changes

ANERAGE TEMPERATURE (over past 900,000 years)
—
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Carbon Dioxide at highest levels

e S o / In 2005, an ice core showed that

CO, levels in the troposphere are
the highest they have been in

|
= ]
5 | 650,000 years.
- |
2 i
i_’: Carbon doxidea ,
! Glo2) stmospher'c concentrstion of COy .
I - Beris gt m ivan )
= } 0 o G ks &2
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Climate Change Consequences

-~
= 90-99% likely that lower atmosphere is warming

* 1906-2005: Ave. temp increased about 0.74°C
» 1970-2005: Annual greenhouse emissions up 70%

——r

QW | ]
= Past 50 years: Arctic temp rising almost twice as fast as the rest of

the earth

= Melting of glaciers and floating sea ice

= Prolonged droughts: increasing Ppd 5\

21
/\—0 = Last 100 years: sea levels rose 10-20 cm o a R

= Warmer temperatures in Alaska, Russia, and the Arctic are melting

permafrost releasing more CO, and CH, into the troposphere.
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Greenhouse Gases Effect
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Measured Temperature and Projected Changes

» The projected rapid change
in the atmosphere's
temperature  during this
century is very likely to

&
increase  drought  and 3
flooding, shift areas where @
food can be grown, raise sea &
levels, result in intense heat & 297
waves, and cause the &
§ 5 i
premature extinction of
% 1.0-
many species.
05
¥ T Y Y T T T Y T
1875 1900 1925 1950 168745 2000 262% 2050 2075 2100
. Year
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Temperature projections
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Changing Ocean Currents

Cold, salty, y
deep cureent o

M.saidan 34

(%3 CamScanner


https://v3.camscanner.com/user/download

Glacial Ice Melting & Decline in Arctic Tundra
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CC Regional Impacts

Polaz Reglons

M.saidan

-

Warming in westam moshtains 1s projectd 10 cause decroased snowpack, more wintes feading and
educed summe lows, exacerbabing competmion for ver-ahocated water rescurces,

In the gy decases of the cenlury, mederatis cimate change 1s prejectad 10 increase aggredale yields of
rain ded agnculture by § Lo 20%, but with impertant vaniabiitty ameny regions. Majar challenges are
projected for crops thal are neaz the warm end of heir sultabie ranga o which depend on highly ubised
walel resourees

Cimes that curently expencnce heal waves ate expected o be futher ehallenged by an ncreased
number, mtensity and duraton of heat waves durng the course of the century, with potential tor advers2
healtry impacls

Coastal communiles and habitats will be ncreasingly slressed by climata change mpacts interacting
with development and pollution

The main proected bicphysical efocts are oductions in theknoss and extont ol glanicrs. oo sheets

ard soaice, ad changes b natuml ecosyalams wih dorimartal sffacts en many egansms including
jgralary bitds mammais and hgher predatons

For bumat Communties i ve Arche, mpacts farlculany mosa tesuting fom changg snove ane e
concitiers. are projected 10 ve mixed.

Detimental sapacts woud includa those onnfrastiucturg and rad tonal ind.gencus ways of ite

In both polar tepens spedile ecosyslems and habitals wre proecled lo be vunemole. as clrnatic barmers to
SPECIES TIVASQNS Are owElEd

Gaa lovel ree 6 oxpociad (@ OXacoreaty rundation, slorm suege, erosica and othar coastal hazards. thus
o atening viat icfrastiacture, setlements and facliios tat support the livelheod of sland communities
Deleroration n ceastal constions. for axarpie through erosion ol beaches and coral eaching. s expectad
o attact local rescarces

By mod-cenluty. clinate chiamis 15 exprted 10 duce waler tesolitces In many smal islands. eg.in

the Canvbean and Pacic, o e point whoie 1y become insuricient ta meet demand durng low rantall
periods.

Wh fighie? lemp=ralites, InC1eas=d tvason by nenengtve speclas is expected 10 oocur, particalady on
mide and highelattuge slznas

EC!
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CC Impacts

able SPLLS Examples of passibic inpaets of climate change due o changes i extrome weather and chmate events based on
provechons (o the nnd o date 209 century. These do not ke anto account any changes or deveiopmanls i adaplive capadily The
helihood estimates o colume Lo mlile [0 e phenomena hsted i column ona, (Tabils 2.2

Very likely = 90% probable
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(# | Indoor Air Pollution
el
», f))', S Dr. Motasem Smdan
Hoke™) :

M.smdan

m.satdancgmal.com

Univ. of Jordan/ Chem. Eng. Dept.

CAA » clear aic act

Indoor Air Pollution: Preface

Indoor air pollution is an environmental issue that is growing in lic
concern. The CAA addresses only outdoor air pollution, while mainly OSHA

.md(bw ding ¢ 2 codes regulate indoor air quality. ~~ Vi Yow
__—-——"‘/_J . -

3 W

Most people spend the majonty of their daily hours indoors.

Numerous studies have shown that (ngoer air is contaminated by a wide
variety of pollutants, with some being in higher concentrations than outdoor
air, As a result, people are often more exposed to hlgh concentrations 0?
pollutants indoors than out ow\ a3\ .:,..a-a

A

Cxposure to some pollutants may be two to five times higher indoars than

outdoors

Al present, more than 900 )_compounds have been identified as_potential
sources of indoor anr 1\m|uuon and the List continues to grow (Brooks and
Davis, 1992)

L
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Indoor Air Pollution: Sources
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Heating and cooling ducts
4 { i p P el faEsteng
Hot showers with Liaanh ofc ate 8¢ ki
ehladne treated water g :
RN i Furniture, carpets; foam insulation,
(R SR
pressed woold
Faligset Forma demyrlo

U damey fwdr n .
Nieeith rohs R nduny e Ldan ook

Leaky or unvented gas and

wiond stoves and furnaces;
{ car left runcong in garage
g ¢! Comunr nnesaga

Hieplaces,
woad stoves
Gasoline
FeLarT ¥l

Y, T

P imsulatiy;, (laor
and ceiling tiles

Unvented stoves
and heaters
LU (O N AT

Tobacca smuke
Flicise . Many ez ar

Pesticides, psinty; cleaning Hiids
s St Computars and office
equipment

Rockas and soil benciath haose
Pailovar Radc

ol

M.saidan 5

OZone & i N\ SUR Y
Pollutant categories S 30

Pollutant category =~ Example of substance Typical source / cause
¥ ol combustion processes;
A  carbon monoxide; nitrogen

Inorganic gases #5005 osone® traffic emissions; reaction
— = with organic compounds
W g\ 2

volatile organic compounds;  building products;
formaldehyde solvents; cosmetics

Organic gases”

combustion; road

Non-biological pollution; industrial

particles n/va sources; air-borne soil

T e ¥ND 9 50 and sand

Biological particles dust/ d,u,s_t_[-giieS' ollen naturally occurring
(_g__p_‘ i P J bacteria and organisms

*QOrganic gases are usually made up of carbon and hydrogen molecules

M.saidan : ; AR 6
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Combustion Products

Sources

Gas stoves and appliances
Wood and coal stoves
Gas and propane engines
Fireplaces

Tobacco smoke

Candles and incense
Mosquito coils

M.saidan

ol )

Indoor Smoke: Brcnking
Down Rcs])imlm'\' Defences

M.saidan

Combustion products

- < 6 \B\'
PPNy

Carbon monoxide (CO)Z.
Nitrogen dioxide (NO,) 4
Sulfur dioxide (SO,)
Nitrogenated compounds (NO,)
Particulate matter (PM)

2o 1oes B L sde o

T

Cunding wish i fuer

R
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Solvents & Volatile Organic Compounds & 2

o

5
Alkanes, aromatic hydrocarbons, alcohols, aldehydes, —\
ketones

Sources:

v Solvents, fabric softeners, deodorizers and cleaning products
= Paints, glues, resins, waxes and polishing materials
= Spray propellants, dry cleaning fluids

= Pens and markers

» Binders and plasticizers

« Cosmetics: hair sprays, perfumes

M.saidan

Volatile Organic Compounds

The mdst ‘diverse group of indoor air pollutants
Released by everything from plastics and oils to perfumes and paints

= Ex. formaldehyde, which leaks from pressed wood and insulation,
irritates mucous membranes and induces skin allergies

|
|
\
I
|

|
|
:‘ = Ex. pesticides, which are found indoors more often than outdoors

{ ~ dueto seepage
LA S P -
cute: 5‘1\.-‘

» [rritation of eyes and respiratory tract
= General: headache, dizziness, loss of coordination, nausea, visual

disorders
= Allergic reactions, including asthma and rhinitis

~N Y . » -
Chronic: e \> §B2 e DN smps )y

* Damage to liver, kidney, blood system and central nervous system (CNS)
= Some may cause cancer in humans (formaldehyde)

M.saidan 10
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Examples of Hazardous VOC Sources

as oY b

Compound Indoor sources W, i

floor materials, machine lubricants, wood

?_Cflim?ﬁy_df producls

furnishings, paints, varnishes, wood products,

benzene plastics tobacco

chloroform fabrics, pesticides, soft furnishings

insulation products, polystyrene, paints,

ethylbenzene varnishes, plastics, photo-copiers

floor materials, insulation products, paints,

formaldehyde varnishes, fibre-board, chip-board, tobacco

tetrachloroethylene caulks, sealants, dry-cleaning
tol adhesives, caulks, sealants, paint, thinners,
amene dyes, cosmetics, inks

asid s 3 U Y et 2 pupase 2N O X

\ g Z
\-(a\ N> ,..J
M.saidan Gt ; 11

P .o 5
QY o\ v 2o LS S50 Tl a2 oMol VN OV S\ S\ X
c vc";{’,‘(—\c\aﬁ,

Formaldehyde

= Although an organic compound, formaldehyde (HCHO) is not chemically classed
as a YOC because of its low boiling point range 0f=19.5°C5 2

® The emission rate in the indoor environment depends strongly Ol@é
and-humidity.

* HCHO is the simplest and most common of the aldehydes range. At normal
ambient room temperatures, it is colourless gas with a pungent suffocating 240 @

odour (ECA 1990). ey

.o
OWN 5 T el L’
« |ndoor formaldehyde is emitted from a wide range of sources, including tobacco

smoke, combustion gases from gas appliances, disinfectants, water based paints, )
—_——— — s oeoaah o) "
and paper products (WHO 1997).

N
*  The most common form of formaldehyde is@rea formaldehydé (UF) resin - the

cause of significant indo ion due to its wide-ranging use.

s« UF is used as the bonding agent in the production of particleboard, such as MDF
and chipboard, plywood sheets, and UF foam insulation.

M.saidan 12
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Temperature, humidity and air movement

3 I
W &

‘t:.

The hygrothermal conditions have an affect on the rate of emission and activity of
pollutants.

Combined with air movement, these factors also play a key role in our overall
well-being, or thermal comfort, inside buildings. Cumulatively, they are linked to
symptoms associated with sick-building syndrome (SBS) and building related
illness (BRI). S W\ e op
Temperatures inside buildings are dependent upon outside temperatures, heat
losses and gains, and the heating installation.

Humidity depends on moisture generation from breathing, washing, cooking and
bathing.

Ventilation provides air for breathing, although excess ventilation can cause
draughts, affecting our thermal comfort.

Room Temperature range (*C) \ _\.;"")\
bathrooms 26-27 Y . "\Q I
bedrooms 17-19 & ‘oo ﬁ - . ;' g\
hall/stairs/landing 19-24 &‘? " f’) 5 (]
kitchen 17-19 & NARY T )
living room 20-23 o Af"} o‘,‘)-’
_‘.Oil?‘ 19-21 J
M.saidan 13 9\ P
s -
vy

= (VIR TY SRR

Radon-222 RVSTRREL!

= colorless, tasteless, odorless, radioactive gas from decay of U-238 found in some

soils & rocks

* Radioactive gas released from soil and rocks

can seep into some houses (Highest levels occur in basements and on the ground
floor)

55% of our exposure to radiation comes from radon
- May harm lungs from long term exposure.
- increases the risk of lung cancer
- causes 20,000 deaths a year in the U.S.

® Reducing the risk

- Sealing cracks in floors and walls
- Simple systems using pipes and fans

M.saidan 14
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Sources & paths of entry for indoor radon-222 gas

Outict vants for fumaces and dryers

Radon Could Be |

1{\ A Serious
: - Threat in
P .
i e iy Your Wood slawa
g "gjﬂ“ School RS Cracks in floor
i i Clothes

© Furnace dryet

Uraplum-238

15%

M.saidan

Radon risk across the US B AN
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Mineral Asbestos
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" Asbestos

Sources:

Used for insulation and as fire-retardant: ashestos cement, floor and roof
tiles, water pipes and others

Levels increase if ashestos-containing materials are damaged
= Levels can be high in clothes of working parents

Health effects:
= No acute toxicity
= Asbestos results from occupational exposure

= Main risk for children: long-term exposure may cause cancer in adulthood

M.saidan 19

Living organisms can pollute indoors

= Dust mites
- feed on human skin & dust
* live in materials such as bedding & furniture fabrics
- can cause asthma attacks & allergic reactions

= Fungi, mold, mildew, airborne bacteria

* cause severe allergies, asthma, & other respiratory
ailments

= Animal dander
- worsen asthma j&

M.saidan °:r_’/.; 2 8\ o W ) o o
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Air Quality Dispersion Models *** & & v \evtos

SyS > weam R

Air_quality di ion models consist of a set of mathematical equations that

; 2 - z ~.
intérpret and predict pollutant concentrations due to plume dispersal and S Yo
impaction. NI 20 §0\ S 3 i, _-- ‘__,\,;, "oy )

» There are four generic types of models:

# The Gaussian models use the Gaussian distribution equation and are widely used

to estimate the impact of nonreactive pollutants. + (peiary polhabien) / W*fls\tf
V'Y

Numerical models are more approprlate than Gaussian models for area sources

F—M'r‘——h
in urban locations that involve reactive pollutants, but numerical models require Wlinat

extremely detailed source and pollutant information and are not widely used ™ _,, & oL

e —

Statistical models are used when scientific information about the chemical and el
physical processes of a source are incomplete or vague and therefore make the -

-

use of either Gaussian or numerical models impractical. W HLgs 3oL LT g, W P

o Physical models require fluid modeling studies or wind tunneling. This approach

involves the construction of scaled models and observing fluid flow around these
models.

W &‘,—\\ S ‘-.:3‘,-_: P 3'»\3- X\
! 2
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v

= Selection of an air quality\model fora particula&gir quality analysis is dependent
on the type of pa//utant?bemg emitted, the complexity of the source, and the
type of topography surrounding the facility.

release O w:_sy A

.
PLUME s | UFF)

g.g:%ﬂ)» &f.-)_\L

S,
S, place 2 time & place
* Continuous release Instantaneous release
————————
DOWNWIND DILUTION BY MIXING WITH FRESH AIR
M. Saidan o3 B

* (Gaussian Distribution

= The Gaussian distribution equation uses relatively simple calculations requiring
only two dispersion parameters (i.e. @and (0z) to identify the variation of
pollutant concentrations away from the center of the plume.

| [ 2z ey

/'= Q eZG).-.eZE.C=A+e:~G,/:_
276,6,u I J

Where:

¥ = ground level pollutant concentration (g/m?)
Q = mass emitred per unit time

; \:\Qn ec ; P = .

une 5 Oy = standard deviation of pollutant concenrration

o VPl e S\ I B iny (ibrizonml) direction
% ’ o, standard deviation of pollutant concentration
inz (verticaljdirection

B T wmispgled
= y = distance in horizontal direction
z = distance in vertical direction
H = ewm
M. Saidan
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2 = Tero

v This distribution equation determines(ground level pollutant concentrations

based on time-averaged atmospheric variables (e.g. temperature, wind

speed).
-_—

| In order for a plume to be

P M modeled using the Gaussian

distribution the following
assumption must be made:

= The plume spread has a
normal distribution

= The emission rate (Q) is
constant and continuous

y
=  Wind speed and direction is
uniform -
M. Saidan 2
nghstqck
. o ey
l'"’“ e — i coneantration
Wind-— \ otd S % e
Reflected plume =7 -
. ™Mok

As release height increases,
downwind concentration decreases.

M. Saidan
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* These stability classes are Yeferred to as Pasquill-Gifford stability classes:
c N\ pedit 3\
Surface wind Insolation Night
Speed (at10 m) Strong Moderate Slight 24/8low | <3/8cloud
(m/s) cloud cover cover
2 A A-B B - s
2.3 A-B B C E F
3-5 B B-C C D E
5-6 C Cc-D D D D
=6 C D D D D
* Thinly overcast
Note: Neutral Class D should be assumed for overcast conditions during day or night.
M. Saidan i
os Jar¥®
¢ T ;
=, A: extremely unstable D: Neutral condition
§ \;, 2 7 ¢fr" B: Moderately unstable E: Slightly stable
C: Slightly unstable F: Moderately stable
&y 1 62
10.000 10.000 /
B c /
z g V
s g 2
£ € S |
¢ )
(a) Horizontal dispersion (b) Vertical dispersion
10 1.0
100
w Distance downwind N e Distance downwind el
(kilometers) (kilometers)
M. Saidan 3

Stability Classifications

* For the dispersion estimation and modelipg purposes, the levels of stability are
classified into(six stability classes b@seah'on\fi‘vefsurface wind speed qategories,\f"’

% three types of daytime insolation) anc%two types of

ghttime cloudiness)

<
A
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Gaussian form of plume equation

i 0 (57 | (z-H) (z+H)*
CHx.3,2) = —="—exp| — == 3+ Eiyes el il R e
W, 27tc),<3:ue'\p[ 20 ) x{exp{ 20, }rekp[ 26.°

-‘ ’ =

e Top View of plume

--> Wind

(C)(x.y.2)= Ave. conc. (20-30 min ave)

0,, = Release rate (mass/time)

0,.0. = Dispersion coefficients = f(stability class. downwind distance)
1 =Wind speed (length/time)

v,z = Coordinates (length)

H = Release height (length)

10" 10"
i E . HHE=—re
: A 1 [ | i ,r'
10° 8 10 B
D —_ : - S = '} T J C
£ r E e
~ 5 2] 2 e N
10 < n 107 T =l
@) S===sEn : = © /,_" rj,f‘, = 1 F
T i T - ./( ".- "L,.-r GOl P i
g i | g L /I,.—“ JLE T :
101 oA A L 10' /: L i '
0 i 0 ﬁ[ E i R R
10 10
0.1 1 10 0.1 1 10
Distance Downwind, km Distance Downwind, km
X

Dispersion coefficients for plume model fo:/rural releases. \
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104
| A-B
103 al c
D _—
HEF £
//,1 2 =
A iy
102 AU
I/ A s
..
A
10' !
0.1 1 10

Distance downwind, km

Ll
Dispersion coefficients for plume madel fon\_um

10°

8 A-B
p.
C
! ’ AT
= g D
i 1
7
- E-F
i /";- ]
=== =
-
27
//
I/
-Z 3
e
L
0.1 1 10

Distance downwind, km

Table 5-2 Recommended Equations for Pasquill-Gifford Dispersion Coefticients
for Plume Dispersion!2 (the downwind distance x has units of meters)

Pasquill-Gifford
stability class

oy, (m)

oz (m)

Rural conditions

TmoO0OXI >

Urban conditions
A-B

m oo

-F

0.22x(1 + 0.0001x) "2
0.16x(1 = 0.0001x)~'2
0.11x(1 = 0.0001x) "2
0.08x(1 + 0.0001x)"'*
0.06x(1 + 0.0001x) "2
0.04x(1 + 0.0001x) 2

0.32x(1 + 0.0004x)""?
0.22x(1 + 0.0004x) **
0.16x(1 + 0.0004x)~"*
0.11x(1 + 0.0004x)™ 2

0.20x
0.12x
0.08x(1 + 0.0002x) 2
0.06x(1 + 0.0015x)""*
0.03x(1 + 0.0003x) '

0.016x(1 + 0.0003x) !

0.24x(1 + 0.0001x)"*?
0.20x

0.14x(1 + 0.0003x) *?
0.08x(1 +0.0015x) '

el S IR S g
W s\ b G,

oMol o ar\b-!
Jdsie

N b T

&S\‘nncg

A-=F are defined in Table 5-1.
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Table 5-1

with the Pasquill-Gifford Dispersion Model -2

Atmospheric Stability Classes for Use

Nighttime conditions*

Surface Daytime insolation® Thin overcast
wind speed or >4/8 =3/8
(m/s) Strong Moderate Slight low cloud cloudiness
<2 A A-B B F* Fs
2-3 A-B B C E F
3-4 B B-C C D¢ E
4-6 C C-D D¢ D¢ D¢
>6 C De D¢ D D¢

Stability classes:
AL extiemely unstable
B, moderately unstable
C, slightly stable
1), neutrally stable
K, slightly stable
F, moderately stable

Strong insolation corresponds 10 a sunny midday in midsummer in England. Slight insolation to similar condi-
tions in midwinter.
4Night refers to the period 1 hour before sunset and | hour after dawn,

Table 5-2 Recommended Equations for Pasquill-Gifford Dispersion Coefficients
for Plume Dispersion! (the downwind distance x has units of meters)

Pasquill-Gifford
stability class

o, (m)

oz (m)

Rural conditions

Urban conditions
A-B

m oo

-F

0.22x(1 + 0.0001x)"*2
0.16x(1 + 0.0001x)~"*
0.11x(1 + 0.0001x) 2
0.08x(1 ~ 0.0001x) 7
0.06x(1 + 0.0001x) *?
0.04x(1 + 0.0001.x) '?

0.32x(1 + 0.0004x) "'
0.22x(1 + 0.0004x)
0.16x(1 + 0.0004x) ™"
0.11x(1 + 0.0004x)"*?

0.20x
0.12x
0.08x(1 + 0.0002x) 2
0.06x(1 + 0.0015x)~"*
0.03x(1 + 0.0003x) '
0.016x(1 + 0.0003x)

0.24x(1 + 0.0001x)*"?
0.20x

0.14x(1 + 0.0003x) ‘"2
0.08x(1 + 0.0015x) 7

A-F are defined in Table 5-1

M Saidan
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Gaussian Model Assumptions

Gaussian dispersion modeling based on a number of assumptions including

Source pollutant emission rate = constant (Steady-state)

Constant Wind speed, wind directimnd atmospheric stability class
= Pollutant Mass transfer primarily due to bulk air motion in the x-direction
» No pollutant chemical transformations occur ~ o ws &

* Wind speeds are >1 m/sec. =P
= Limited to predicting concentrations > 50 m downwind

* gyand ospheric conditions

» Atmospheric stability classifications are defined in terms

o) wind speed, incoming solar radiation

and cloud cover
NG L1940 SOVE

gefime centerlines
M, Saidan : : 15

Plume Dispersion Equations
p T
W
P g
» Ground-level concentration due to an elevated source (2=0, H)

‘ O y'  H?
C '(-\.n)',o) = _\ exXp— >+ 2
nuG G, 26, 20,

» - Ground-level concentration due to an elevated source, directly downwind
of the source at ground level (Center Line), (y=2=0, H)

Jz 2ece
O -H*
x,0,0) = ——ex -
a nio .G, ) p{ 20, }
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(\f

“ﬂwo

= |f the emission source is at ground level with no effective plume rise then

- ) 1f y* ¢
Clx, v, 2)=—=—exp| ~=| 5+
. = 5l =7t 3
nG6,G.il 2|6l o

= Ground Level Center Line ~Ground Point Source (y =0, H=0)

M. Saidan

C(x:0,0:0) =—2
ao o,

skandard 2 WU ow

=  Maximum Ground Level Concentration =¥

The ground level concentration at the center line is

20, ((71>
Cﬁ'n , = == ],
e emutly \ o,

where, e=2.71

The maximum occurs at

M. Saidan

JC/ds.=0 =0, =

Sl=

. : . H
at the distance vy, for which 0, = ——\/:
0)

17
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Example 5-1
On an overcast day a stack with an effective height of 60 n: is releasing sulfur dioxide at the rate of
80 gfs. The wind speed is € mys, The stack is Yocated in a rural arca. Determine

2. The mean concentration of S0, on the ground 500 m dowpwind. Y
b. The mean coneentration on the ground 500 m downwind and S0 m crosswind,
& i A ) . ———. 3
c. The location and value of the maximum mean concentration on ground level directly down-

wind.
Solution
8. This is a continuaus release. The ground concentiation dircetly downwind is given by Equi-
uon 5-31
. O [ HA\
C{x0,0) = —L—cx i -l(—‘) . (5:51)
oL P AN A
From Tabde 51 the stability ¢lass is 1.
The dispersion coeflicients are obtained from cither Figure 5-11 or Table § 2. Using
lable S-2:
o, s (SR =+ 00001 x)
= (0.08)(SW mY 1~ (ONLSN0 m)} "7 = 390 m.
o, = 0061+ 0.0015x)"
= (0.06)500 31 + (OIS K500 m)] Y = 227 m.
Substatuting into Liguation $-51, we obtain
8 /s [ l(mm"i
S0 M 0,0) = s T e e enp) ~ S|
COMm 0.0 = Sz 7 miG e P73 zzvm) j
= 145 <107 wm',
M. Saidan ] it : 19

b. The mean concentration 50 m crosswind is found by using Equation 5-50 and by setling y =
S0 The results from part a are applicd directly:

[ 17y
€1(5003m,50:m. 01 = €/(50m, 0, O)esp = 5 ( -'—)

. I 1{s0m\"
{1.45 = l[!"g.’m’}exp: -—(,—[3‘)

Il

6.37 > 10 %g/m’.
¢, The location of the maximum concentration is found from Equation §-53:

l!r 60 n
O, === "I 424 m.

=

V2 V2 —

From Figure 5-10 for D stability, o, has this value at about 1200 m downwind. From Figure
5-100r Table 5-2, o, = 88 m. The maximum concentration is determined using Equation 5-52:

G = 2o ()

eruil?\w,
- Q)®gs) (4.%-_‘.*.5'1 )
T RIEIDGE msXE0 m)\ 88 m
= 418 X 107 gim’. (5-52)
M. Saidan \ 3 : ,. oo 28 \ .».,... L -;.‘ ~'£.., 2.0 v
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Example (Process Safety Book, Page 208)

Chlorine is used in a particular chemical process. A source model study indicates that for a
particular accident scenario 1.0 kg of chlorine will be released instantaneously. The release

will occur at ground level. A residential area is 500 m away from the chlorine source.
Determine

a. The time required for the center of the cloud to reach the residential area. Assume a
wind speed of 2 m/s.

b. The maximum concentration of chlorine in the residential area. What stability conditions
and wind speed produces the maximum concentration?

c. Determine the distance the cloud must travel to disperse the cloud to a maximum
concentration

M. Saidan | | i P
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Air Polluti"on:'

Air Quahty & Momtormg

3 o e E 5.
2 Y stankard 3 \r’f ol —cASUT \J ()5' 2,
8 . :
Dr. Motasem Saidan = * 2 \V,\,\ g TV,
Nondacd?

M. Saidan@gmail.com

Univ. of Jordan/ Chem. Eng. Dept. i}
V7 ~ \}* p\; e'l\)
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: A

O A e 52

A
\ez 3&0 N\ o 3055 2%, Sl o) N Refemee

e Air_Quality is a dynamic and complex environmental phenomenon exhibiting
large temporal and spatial variation. A
OIS FA NN
« The temporal and spatial variations in atmospheric levels of pollution, which is

the essence of air quality, are caused by
(a) changes in the pollutant source(s) emission rates, and

(b) changes in meteorology and topography, ~+ &% o3\

: mechanisms for chemical reactions of pollutants in the
| ‘if.n control and removal of atmospheric pollutants.
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EPA > €nv,',-0,,.¢_n|.al Pol‘cahun A{jcn(ﬁ

(La.'f})
Clean Air Act (CAA) ~ &) %t o3¢

R RTEC N RN

urdoor

o

» The EPA defines ambient air as “that portion of the atmosphere external to
b,gﬂdi’[i‘gs,_to_whicb_th&p,ubljg_ha_s_ﬂccﬂSS."

» The CAA regulates only pollution that enters themwis includes
K emissions__[LO_m_Slaf.ksfychimnevs‘,”vents and any other functionally equivalent

openings. These are called point source emissions, or area emissions depending

- > . . as ;
on their size, source v thws OF6) as o DN pofr 71 YL S 2 o =

R D s
» The CAA also regulates mobile and fugitive emissions that are released directly
into the atmosphere.

» What the CAA does not regulate is indoor air pollution, or air pollution confined
to private property, such as occupationally exposed emissions.

cVammesy > stadd (G SN 4

-~ & \-3

M. Saidan ps
- L

National Ambient Air Quality Standards
CO R AV P s
. @ must establish National Ambient Air Quality Standards (NAAQS) for every
pollutant that has been designated a "criteria” pollutant.

S #P . . . . : s
* EPA has promulgatéd National Ambient Air Quality Standards for six criteria air

pollutants: DN 6 gor
ozone, > CIC NN
particulates (PM10 and PM2.5), Oy v
sulfur oxides, S04 .

>0 U soarce  wB

nitrogen dioxide and MO,

S
@
&
& carbon monoxide, (o
63}
" ead.

» Unlike the other NAAQS pollutants, ozone is not directly emitted, but rather is
he atmosphere by the interaction of volatile organic compounds (VOCs)
(NOx) in the presence of sunlight. The control of ozone is, thus,

SRR SESS " SE

g emissions of0Cs ?ﬂd’@

dard depends largely upon the time period over which the
ed.

CamScanner = Ligs 4> guadll
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Types of NAAQS

There are two types of NAAQS specified in Section 109 of the CAA:

; imary standard; ﬂ"HeaIth-basecE&standards used to protecm

health and the environment. This health-based standard must protect the

most sensitive segments of the population, such as chi elderly

and asthmatics.
___\

(en\i\(o-\u&ﬁa\ - ‘Ow.v.é.\ I

» SSecondary standard:) Designed to protect general public welfare and

prevention of damage to public property (animals, plant life, and
property).

* Both primary and secondary NAAQS specify the rwﬂalmf

these pollutants that can be present in the ambient air.

SV N o 207 25 s B e £

M. Saidan 5

NAAQS (Primary & Secondary)
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Air Monitoring

T:\l{[‘ G--
*  Monitoring of the air quality can bcm since it requires the collection

of data that allows for a resolution of the dynamic nature of air quality in terms of
its spatial and temporal variation.

e
X , . . . , * - .
* Ambient air quality monitoring can be defined as a(systematic, long-term

assessment of air pollutant levels in our communities.

This monitoring is usually undertaken to characterize air quality in urban areas,

n near large point sources of air pollution or where there are sensitive environmental
J7- = =~ receptors.

rwl)
3_,; cwf_‘j: The ability to assess the air quality of a_region will depend on{accurate and

| - rfmresentatlve data describing existing conditions and dispersion _models) which
i can be used to better predict future pollution levels.
Polly b, e

ar
M. Saidan @

* Ingeneral, ambient ai etworks are typically used to:
BN N B

» characterize local, regional, and national air quality conditions ™ .5 s52> 3
N O\ -‘?\’ & 2 assess health impacts Bra wess Lad;
"kt » assess effectiveness of control programs  —» 322\, 66"—‘\3\ PN o
;vw +~% help form the basis for new control programs > » 22 ==
* assess source impacts  ~ \ealWM ot ualtes
808l 35 65 XN 4 provide information to the public
2\ Jo
» The CAA directed@to set primary and secondary standards that would
“provide an _ample margin of safety” and require EPA to establish acceptable

levels of concentration or “criteria” in the ambient air for fj ollutants.
SV

Y osang 9

Those f:v; pollutants were: sulfur dioxide (SO,), particulate matter (TSP), carbon
monoxide (CO), ozone (O;), and nitrogen dioxide (NO,). In a later version of the
act, lead (Pb) was added and ozone was adopted as the photochemical oxidant
indicator of volatile organic compound (VOC) precursors.

\ 4

M. Saidan 8
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Stationary monitoring
PURMY WS G2y Seent N 035 (@ e 35 ackgund S G g

03
A stationary monitoring network should yield the following information:

(1) background concentration levels,
(2) highest concentration levels, Compl 2
-, 3] representative concentration levels in high-density areas, - '
ﬁ the impact of local sources,
(5) the impact of remote sources, and
(6) the relatlvc impact of natural and anthropogemc SOUrces e

uv>\\ -

Spatial scales include
|

P‘.
~ +, | microscale (1-100 m),
=" | middle scale (100 m-0.5 km), |
| neighborhood scale (0.5-4.0 Km),

Urban scale (4-50 Km),
Regional scale (10 — hundreds of Km) B

‘-5\’-' 'c\.!ﬁ\ é- = .

u",’ =
PR G T

P ¥

r

&,.u.-’

M. Saidan

Relationship of the Scale of Representativeness and Monitoring Objectives

Siting, n.!lx\ Monutonng, ubjectives

Highest concentration affecting people
Nenghborhood, urban Higgh-density population exposure
Micro, mmiddle. neighborhood Saurce impact

Neighborhood, region Gueneralibackground concentration

Micro, muddle. nerighborhood, (sometimes urban)

10
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Mobile Monitoring Winay D0s 5N D2y W BN

*  Mobile monitoring | /'
Itaring is acc i
: omplish , ,
or vehicle. Plished from a movable platform, i.e., an aircraft
* Atmospheric t
r s
S STG ansport and chemical transformation processes occur in the
-Bion between the source and the receptor.
* By usin i _
O\k,)tain Sainotb"e platforms containing air pollution instrumentation, one can
Mo 'da' & |"9|D_U.nders'cand the formation and transport of photochemical
g, acidic deposition, and the dispersion of air pollutants from sources.
o

M. Saidan

Mobile monitoring platforms may also be moved to hot spots, areas suspected
of having high concentrations of specific air pollutants. These areas may be
nearby locations downwind of a large source or a particular location that is an
unfavorable receptor due to meteorological conditions. Vehicular and aircraft
monitoring systems can also be moved to locations where hazardous chemical
spills, nuclear and chemical plants accident have occurred.

11

Air quality in Jordan
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Air quality in Jordan s e
" Air quality is a problem in | -
amwvity, n [ow area, high density hotspots of vehicular traffic
¥ N & &y

Most polluti issi
NG emission ; . : -
activities. s come from vehicles, industries, and residential

Table 1, p ; i '
allueant emdssions from vehicles and fndustries (2004)

Satce of cinissionms

i S0, TSP
Road tansportaion (2. Q'
79 0 pye
Other el (0
(o) 0 0 1
Al uansport (?a) 1 1
Industey ("a) T 0 1
nd ¥ !
Electan produchon (“0) il I 9
Total (1 =y 000 123,000 0,500
Sovg ¢ - ' T i o6
.\\.ne. AFD 2000 eneept for D Aterase conespendind o e fanemp frop 31003 TAFD 20061 and
G a0 Toawpont clapters | Averars conesponidiay (8 amsiens panfing from M 230UIAFD 20080 and I8 g9

P Teazispaont chapier)

M. Saidan 13

= Nevertheless, the vehicle fleet is relatively old, with about 33 percent of the
vehicles produced before 1990, Old cars are still maintained and used,
contributing significantly to emissions. As Amman and South Amman host about

69 percent of all Jordanian vehicles, they represent a major hot spot for air
pollution.

« Emissions from the industrial sector mainly originate from the cement plants in
Fuheis and Rashidyia, the industrial area of Hashimyeh near Zarqa, power plants
and phosphate and potash industries in Agaba, and others. Among these,
mining is the most important contributor to air pollution, accounting for about

62 percent of the TSP, 78 percent of the PM10 and 39 percent of the NOx
generated by industry.

14
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Dr. Motasem Saidan
M. Saidan@gmail.com
Univ. of Jordan/ Chem. Eng. Dept. 1

Control of Stationary Sources

Control of Stationary Sources:
heiac bt Bt ol o Al bl

2y Particulate Matter

s Gaseous Emissions
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Particulate Matter

SO, 7 o7 ¥ ok e ff::&&”\')\
r
" Most of the air pollution produced by stationary sources results from the

¢ (incomplete combustion of fuel or industrial processing (eSedency
(Co 1 \’\" C) E")’s @

* The types of inorganic and organic air pollutants stationary sources emit are
dependent on the specific process operations (oo wdknds ) a3y o

B —

P R Qfeess  Ju <

Examples: Fossil fuel fired boilers emit ash, sulfur dioxide, nitrogen
oxides and mercury, and or vanadium if contained in the fuel.
Metallurgical plants can emit a variety of metal dusts, including iron
oxides and sometimes fluorides and chlorides. Industrial plants
manufacturing inorganic chemicals will emit various waste gases
depending on their product. Odorous organic waste gases can also be
emitted from organochemical and petrochemical plants.

M. Saidan g
C.O\.-\q_:.,..g J"gl'\{"':-".;‘""{-n_y

- }‘\,\ a1 .-
Reocess dQQ:v.Sc'Nr\ 5‘@ i -"-’.’ll{:/.-_do ’)

. G M @y A
Industrial pollutant sources

Industrial pollutant sources such as these and others can be categorized into
several groups based on their specific process operation:

()\:'}8 \"‘:5 'L%‘:_s' 0’,’ > L"?'t_dma% & “n'n\
® Process Operations: 4 e -
L] v

Process operations with incomplete chemical reactions, which include
combustion due to unconverted reactants, or a reaction having a final yield
— -_— -

that is less than expecte oretical conversion. S
_ e W20 > WSO
= Atmospheric Releases: e 7 o S =

Atmospheric releases of process’s secondary components or impurities of
raw materials.

CamScanner = Ligs 4> guadll
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Waste Emissions:

- \ ‘ -
ns)\P ;}\?\ 3 e *—U“d:\&

RIRVEN

Cuae 0 Yaus emimion 8 B2 0

o . ,
Emissions of malodorous substances or oxidation compounds in the exhaust

from oxidation, heating or drying processes.

% _ &r " Releases from these categories can originate from a variety of emission points and
s e \ may not be centrally collected before entering the atmosphere.
_"9’ - \)S .
sk u;x.;;/‘i T e R e P
‘-’;;0 ii-.\w > Air release emission points, from industrial process operations, can be
categorized as stack, duct, vent, fugitive and area ]
. A - Ml (RS gyt
iy L P - ) h_w )\,L'\ r_/:b YV e S . o
MD\ % Fugitive emission points are release points, which are unconfined in a stack
okm° |\s - —_ perS
or duct before reaching the atmosphere.

FPRCI IS (;l/,. Therefore, whether an emission source is considered agéoigt omgijgi\_/g)
source is dependent on whether the release is@,n;‘@or Unconfined’in a
- S

2y Yy

—

v, ¢ a5 stack or duct prior to atmospheric release. o 9O
al:“““ph):-. Loy . . - - BUNRV =
M. Saidan ¢ onfined 2~ PSP & e Pz Clolov 5 L
3 loov
Arg,‘.a‘w-cvz'
S U\M\& 2.2 C."‘_/-l- cg,gc_aot'.\:_‘, &‘- "q):o\
R fec 4 SEE
s 0ud # & galyss, Industrial Process Operation Air Emission Points and
" aedyey Svda o Categories
E o
% Process Operation Fugitive Sources ik :':
. Reactors vents . \/alves s R
e 427”41 Distillation systems #2N S Pump seals
e Qe L Vacuum systems S Flanges/connectors
=) \ \’;, ¥| Combustion stacks aJ’\? Compressors
o 41 Blow molding x &) Open ended lines
V2 J Spray drying and hooths Pressure relief devices
27 . T L, | EeREIE BT DEVoES
,ﬂf = /Extrusion Machines ( 20, helew windd] Equipment cleaning/maintenance
P 3)', S e ehing  #) | —
c)""_,w\ ; Surface Area Sources . | Handling, Storage, Loading
5 Pond evaporation * ¥\ U= | Starage tank breathing losses
Cooling tower Loading/unloading
[ tr Line venting
Packaging and container loading
—_—— e —
"UY
w2
o\ 4 p.&'—) wP 6
AEuE B S gy

e\ L

IO SR AWIES

vy ‘5.‘?‘:’\) N
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Pollution contro|c_<):an be achieved through common sense solutions such a(s
the (installation of effectlve control technology)(changes in productlon

processes) and the(jmplementatlon of pollution prevention techniques)

Cv’mgllance with emission standards and the successful attainment of air

quality standards depends m(farpe part on the application of appropriate
stationary source control measures) e

M. Saidan 7

b
£

PM Control Procedures

Qor\.\ Q.l.‘g M‘\'\'(!‘

» Control procedures for stationary saurces of pollution include:
3 \oO© Lf\&\ ‘J&»\'\ N\
. R
Y@ the use of tall smokestaczs - add on unik , 9
%z changes in plant operations_and

% installation of effective control devices

p—

> The control strategy required for an industrial environmental impact is a four
step process:

Qe QLN 3 SRR«
NEVY (1) elimination of the problem source oroperatlon ag e AN LR
s S I ’ﬁ modification of the source operation,
ox  (3) relocatlon of the source, and ~ §> 20 32 Qs 30
_ (4) selec ction and ap Ilcatlon of the appropriate control technology.
=S Sy

@\ 2SN 4\ DBOVN LW U YN
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Exhaust Stacks ©~  sav .«
45 \ru.):v-cjc

= Exhaust stacks do not reduce emissions from a stationary source; rather they
reduce the local effects of the pollution by elevating the exhaust stream to a
point where it can be more effectively dispersed.

»  High exhaust stacks were an inexpensive solution in the absence of expensive
control technology. For years elevated stacks were used with the nearby
communities in mind. A belief was widely held that elevated stacks reduced the,
likelihood that pollutants would have any effect on neighboring populations. 0

& O NN

= Utility and smelter operations have traditionally used tall stacks (200m to
400m) in order to reduce the amount of ground-level concentrations of sulfur
dioxide (SO2). However, this did not always eliminate the problem, but instead
simply transferred it to another location.

* This approagh was used for many years, until concern arose over the regional

» B\ :
and trans ouﬁdary spread of harmful toxics. fw}lmgmat

concern over the spread of acid rain from one region to @nother.

M. Saidan Ced B 9

Plant Operations S B e S S -

\oalewm Le
* Compliance with emission standard may require the use of control technology,
but many industrial operations have reduced emissions by (changing
¢ operational methods.)

:;,,,,.\ v o a,-.s\;\‘s o S
. Some of these changes include (pre-treating process materials)) fuel or
material substitution, and changes in the manufacturing process. As an
example of how pre-treating raw materials can be an inexpensive solution to
pollution control, industry has discovered that significant reductions in
particulate matter and sulfur emissions can be achieved by a technique called
coal washing. Pre-treating raw materials in this manner not only reduces the
amount of fly ash released from coal, but it also reduces the amount of

inorganic sulfur released as well.

» Another way to comply with emission standards is towm
during the refining process. Natural gas and low-sulfur fuel oil are just two
examples of fuels that emit less pollution during combustion. However,
De more expensive and can increase national reliance on

10
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= Reduction in emissions from stationary sources can also be accomplished

. ; i ™ iso r er ot ( ok und
through increased attention to plant maintenance i BEgise N
W VY VI b

» Plants that release significant quantities of pollutants into the environment
frequently do so as the result of improperly maintained equipment. This is
especially true of combustion equipment.

= Adequately scheduled maintenance must be performed to reduce both the
exhaust and amount of fugitive emissions released from vats, valves, and
transmission lines. Periodic maintenance also reduces the likelihood of spill-
related accidents by discovering faulty equipment before problems occur.

M. Saidan 11
Do oaan

Control Technology

A final way to reduce emissions from stationary sources is through the use of
advanced, add-on control technology. ~ -

—_—

Control devices can destroy or recover gaseous compounds or particulate
matter for proper disposal or re-use.

The pollution control operations used to destroy or capture gases include

combustion, adsorption, absorption, and condensation. 2
solid NJ:U\LJ, \:LCVA'\(L v—...ltr\bj 2y (‘,
. ixed Ped )_ . -~
* Control devices that implement these processes mclude(thermal incineratqrs,)
catalytic incinerators, flares, boilers, process heaters, carbon absorbers, spray

dust ‘_t‘wersv,_ and rface.condensers'.*

n
w0t 9’ s 3

'Ah\; é\.ﬁ
s

S\ alSy
s 55 Yhp

process parameters for selecting air pollution control

Naust gas characteristics ‘g’btained from emissions tests
tharacteristics obtained from a field survey

|

12
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[Exhaust Gas Characteristics R

* Total exhaust gas flow rate

= Exhaust gas temperature

= Required control efficiency
* Particle size distribution
Particle resistivity

=
ICARVORES Qo\\‘&wk 3‘\ w2 ,»
g By g =D W e gy ¥

\Jg“_ { o ::(;%‘)\ ff

.y w " Composition of emissions

5 = . . L ' !

o3 e " Corrosiveness of exhaust gas over operating range ~ ‘% »'7 5wl s
“ﬁ_’.—_,—P—-h\__‘—N’__"_-r-

( »“  * Moisture content
* Stack pressure
" Exhaust gas combustibility and flammability properties J

195 VW, -3\.;;"‘.)) J\;

M. Saidan 13

Process or Site Characteristics

& TeNs s =

o ... . Reuse/recycling of collected emissions VS L o0
ot < oLt A

= Availability of space TR

W gy S s A

sl Gam),
.2s) <~ * Availability of additional electrical power B ol o
w2V Availability of water a L -
L Availability of wastewater treatment facilities . . 0P (S
»Vv = Frequency of startup and shutdowns adserphin & yashe vl
IErr 4 Environmental conditions ‘
* Anticipated changes in control regulations . ju,\. i L, g
" Anticipated changes in raw materials T iy
* Plant type — stationary or maobile '

Y a) ot o 2P YN Y, o MDY
14
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Control Devices for Particulate Emissions

> Technologies used to control particulate matter focus on removing particles
from the effluent gas stream.

> Many factors (such as particle size and chemical characteristics) determine the
appropriate particulate control device for a process.

Devices most commonly used devices to control particulate emissions include:

Gravity settlers (often referred to as §_e_t_tljng chambers)

Mechanical collectors (cyclones)

i “W™ Scrubbers

Hybrid systems 3 Wik ):\..,0, ;:l’lf&\. ety d 0 o, 36 TN

» In many cases, a combination of rﬁultiple devices_yields the best collection
efficiency. For example, a settling chambercan_be used to remove large
particles from the exhaust stream before it enters an electrostatic precipitator
where smaller particles are removed.

5 PR TR

M. Saidan 15
EQUIPMENT :
= d_-f)',_,,o,’_. Grmv'.lj Ny VRS W\ P"I';‘-le ez
- - q _—f--- =
Gravity settlers (often referred to as settling i =% - fd out
chambers)
Cd-fa{'\"ﬁd—g‘
s Gravity settlers, or gravity settling chambers, are 35 0
used industrially for the removal of solid and liquid . m,m}:m“ e .0
waste materials from gaseous streams. il oafiiciss makien o0 plagsy
» Advantages accounting for their use are simple Syshrem
construction, low initial cost and maintenance, G\ 9, qumg B @I
low pressure losses, and simple disposal of waste W22y wabeuiee
materials.
1aterials

Mechanical collectors (cyclones) (Czn\‘f‘ﬁmgc)

N Ll aue s L
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3 e
Fabric filters (bag houses)

fol\j&\ ‘R_:,p\ Q'l\) »

* Filtration process may be conducted in many different e Boa @
types of fabric filters.Differences may be related to:
¥ NER'IAY
- Type of fabric
— Cleaning mechanism
- Equipment

- Mode of operation

* Gases to be cleaned can be either "pushed" or "pulled"
through the bag house.

e In the pressure system (push through) the gases may
enter through the cleanout, hopper in the bottom or
through the top of the bags.

* In the suction type (pull through) the dirty gases are
usually forced through the inside of the bag and exit
through the outside.

M. Saidan 17

S\L ‘P‘o‘\\f\\wht(‘ “'f(‘ 2:;_,,— =) —n.e APVAN 7:5[,53\ Yo

Baghouse Filter

» similar to conventional home vacuum cleaner
= Efficiency:
>99.5% for <1 pum diameter
>99 8% for >5 m diameter Figure 13. Reverse Air Fabric Fitter

ok
‘{"\ ﬂ?)\[).& » : )?)
1'f Dampers - 52 F&
Gas - N 2 F
Dulet NRNEYS
4 55
i.lmn,_.l] ] [ [1 . it
- f
aic our=—y A A A A %

- 4 Fan -,
|

Q-
gt 0] | e —T
‘ "?‘.“ \34“ !*-_F P‘ug i Induced 1
| ) i | Draft I
l il‘ | L

ol | e i !
gl it Dirty airin e ¢ [
G =t )
— [CS |
i N = ~—Compartmsnt 3
1 ~— Compartment 2
. Tube Shest
- Compartment 1
t:! Bags !
Gas Inlet
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= Fabric filter materials:

1. Natural fibers (cotton & wool)
Temperature limit: 80 °C

2. Synthetics (acetates, acrylics, etc.)
Temperature limit: 90 °C

3. Fiberglass
Temperature limit: 260 °C

» Cannot be used for
* wet air systems
* corrosive gases
« gases above 2600C

v Cleaning:
1. Shaker
2. Reverse air
3. Pulse jet

M.saidan 19
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o Hybrid systems are defined as those types of control devices that involve
combinations of control mechanisms-for example, fabric filtration combined
with electrostatic precipitation.

* Four of the major hybrid systems found in practice today include:
— Wet electrostatic precipitators,

— lonizing wet scrubbers,
— Dryscrubbers, and
Electrostatically augmented fabric filtration.

M. Saidan 21

3 " - . - \ .
CYCIOIleS ?\vgs\cog 3\53\1""‘ ] Sedes aby Cgr,bna @ P v\
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Figure 2. Small-Diameter Multi-Cyclone Collector
'%F_Treated Gas

v/ can be used for 50-100 pum size

' Dirty Gas - S DOutlet Tube
particles and down to 10 um > Jp—
B Tube Shzet
v' simple economical unit: s =" E D5y RIS
4 I}
R .Inlz::t - '\ )
* no moving parts v e F1 &
= relies on inertial effects _ B l‘
Co¥ect_1ng - [
Uk - U’K
Clean air oot ]
4

i\
Extra -,

Thickness at
Wear Pairts ‘\

"N Fly Ash
© Particles

=_n:g 20 G e 0N Bl »

Saler A e Sw SV
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Clean gas
Clean gag /1

Junction

duct
Grouped Top
inlets outlet Clean gas
“ Dirty gas
Dirty gas
Dirty gas
l. Dust
.'.‘.- D RS
-'.}‘- ust ars
A, twa cyclones in series B. Four cyclones in parallel

For particle sizes greater than about 10 pm in
diameter, the collector of choice is the cyclone

=

Fiowe 6-7. Multi-cyclone collector

M.saidan 23

The particle size collected with 50% efficiency, ,
termed the cut diameter:

) A N ocalb B\ e
VE SN VR RN dos s 9,LIB H d geomehesy |
507 ) — pPQgQ [RE-MPCTIPI) e ﬁ
N E o\ e Ul bR E
V4 desogn S de.s i i : :“E
0=—02L+L) et gy 8] |
T T B IR
Al euSy L
o, i °
diameter at 50% removal i !
C Viscosity of gas, Pa-s i :
L ;
ity, kg/m3 - —'—
— i —
Dd
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Efficiency,l (%)

Particle size ratio, [dp)/[dp]cut
A
LA | i g ?Ms‘;t}g_ N 6.5
M.saidan ST T 92e Wi 25

Ny E}: Qoro-u-c.\'!.r‘t N \—sL...,a\ Ul;_-’ Oiowetws TR o .__5 90 WY Y S

Example
Given: + For standard Cyclone:
D‘V_er(‘)'Sm ® £330 »(B=0250)013m
a Eppyl M 2 3(H=050)=025m
o gty gl =L=2D}1m
pp=800 kg/m3 La b N O \
»2 3. w
S 0=——-~_02N+1)=377
0.25
~ Q = What is the removal efficiency P~ 5 ik
for particles with ave @D
diameter of 10 pm? /
by 0.5 ~—
,13)2(0,25)} 5 e
M =4.15 _—
2.41 '
26
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Electrostatic Precipitator (ESP)

= high efficien
cy, dry ¢ .
of , Y, dry collector Figure 9. Conventional Electrostatic Precipitator
particulates Transfommer.
Rectifiar —.__
Sets B
" high electrical direct current e
potential (30-75 kv) . | — Coliscton
Eulils [ Plates
|-y
"‘\[‘cg-‘ul"i\'l? Clag? :: Fluf_a Gas In
H”' )’; \\l“\lm o i it :h: . ;./
N R rived
I u‘lllln,:utlng; ;\%
lear -—/ '
Llean . < . "~ Discharge
ot ) A in Elzctrodes
\5’:‘\-‘. b"’ff; J 'Z_V’\-“"p ¥ Hoppers "
I Q"r\:\t}e 3\ \*;;1)- ’ l Dust ot
> N o
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ddo ‘A\;\Q ~ b}u

Electrostatic precipitators (ESPs)

« They are satisfactory devices for removing small particles
from moving gas streams at high collection efficiencies.
They have been used almost universally in power plants
for removing fly ash from the gases prior to discharge.

« Two major types of high-voltage ESP configurations
currently used are tubular and plate. Tubular
precipitators consist of cylindrical collection tubes with
discharge electrodes located on the axis of the cylinder.
Vast majority of ESPs installed are of the plate type.

. Coll,gig:ﬁt. gi'particles are usually removed by rapping.

LR

M., Saidan

28

CamScanner = Ligs 4> guadll


https://v3.camscanner.com/user/download

[lectrostatic Precipitators (ESPg
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Wet Scrubber

» can be used where
v’ airis wet
v’ corrosive
v hot
v" where baghouses can not be used
v" for even higher efficiencies, a

combination of a venturi scrubber
~and cyclone and can be used

Clean water in
-—
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Scrubbers (venturiscr\ubberﬂ

* Wet scrubbing involyes the technique of

bringing a contaminated gas stream into
intimate contact with 3 liquid.

Wet scrubbers include all the various types of
gas absorption equipment.

* The term "scrubber" will be restricted to those
systems which utilize a liquid, usually water, to

achieve or assist in the removal of particulate
matter from a carrier gas stream.

M. Saidan
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Comparison of Air Pollution Control Devices
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/’Effectiveness of Air Pollution Control Devices
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The preferred method for controlling gaseous pollutants is with add-on control

devices used to destroy or recover the pollutant.

Control Equipment for{Gaseous Emissions.

Tedw UM <= 530
« Thermal(ncinerators)

f f’.:)\f = Catalytic Incinerators
SN o o2 Flares » s
- Boilers and Process Heaters
Carbon Adsorbers]  ov &
Absorbers _] CFRe
e A
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Thermal Incinerator Wy en BN AXGho

v Thermal inci
al incinerators are commonly used to destroy volatile organic

compounds (VOCs).

» |n general, incineration involves thc(destruction of liquid, solid, or gaseous
waste by a controlled burn at high temperatures)

» |ncinerators are one of the most positive and proven methods for

destroying VOC, with efficiencies up to 99.9% possible,
- 3'\9

Exhaust to ad L\
VOC Laden Gas 37 Stream Almosphere ~»
1

N Sgee 2
7 jﬁ Y Y S &
' e O

Al Optical Heat
ALE‘C:':"W — | Bumer Combustion Zone Eemvew

] v\
\;g‘? & Ve
Owe \M:A\'

Dirty Air In
37

M. Saidan

SO e g )

« Applicable Pollutants: Primarily volatile organic com ounds (VOC). Some
'-___’——__’_’_‘_’_ 2

Q:'D;:)articulate tter (PM), Zommonly composed as soot (particles formed as
3 result of incomplete combustion of hydrocarbons (HC), coke, or arbon

residue) will also be destroyed in various degrees.

iency depends upon design criteria (i.e., chamber

me, iDLe_t_\/_o_CLopge_Qﬁgﬂon, compound type, and

ing) (EPA, 1992)? %, VLYY, a0 9V

: ‘0 5}"

Lol units are designed to provide no more than 1 second of
to the waste gas with typical temperatures of(650° to 1100

000 °F).

on actual field test data, show that commercial incinerators
be run at 870°C (1600°F) with a nominal residence time of
nsure 98% destruction of non-halogenated organics (EPA,

38
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T:eoretlcal Beactc‘)r Temperatures Required for 99.99 Percent Destruction by
Thermal Incineration for a 1-Second Residence Time

Compound
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Thermal Incinerator PM10 Destruction Efficiencies by Industry (EPA, 1996):

Electronic and Cther Electric Equipment

PMic
'Types ‘ce cal s siscellansous processes
wdustry Types of Sources - Chamcal mfg nus esse
" A L}).n.”ol glactrical ecuipm < hake furnace: fixec
Emli','.::]cy reof 1ank; nunerai procucticn miscellan2ous

processes. secondary aluminum ro ldraw
etruding, scha wasle incineration
(incusrialy

petroleum and Coal Praducts

Azphalt roofing DroCesses (liowing. felt,
Saluralion )y mnera ey, petrclzum 25 — G0.G%
refinery processes jasphalt bowing
catalyuc crachna, coke cacning. sludse
canyene s suifur mig.

Elecuic, Gas, and Sanitary Services

Internal combustion Bngnes; solic wasle a0 — 989%
inzneration (incustrial, commercial
institutiona’

Chemical and Allied Products s10ne. Clay, and Glass Products

~arncn black manufactunng mic);

charcoal nia, 1gu o wWaste dispesal;

misce lanzaus cremcal nfg processes 50— G9.6%
=5 g, phatalic antyc de nfg - ; .

?< :‘g;ﬂgiﬂ 11:1“::? ) r‘}l’::slll;‘ .’ ° |F700d and Kindred Products 70 - 98
syleng OXIUAlRIL 1y < ) charcoal processing. miscellaneous:

S'fﬂmeuc Organ’c (1|J-’:( mfg 5'31": W35l cOrm processing, miscellanacus,

incineration (IndLlSlﬁJ“ fugitive processing, Miscellaneous,

Barium processing kin; coal cleanirg 0 - Q5%
trermal dryer; fabricated plasucs
machinery, ol mig

30,5ean processing miscellanesus
etals Industries Mining 70-996
s asphalt concrete rotary dryer; organic chemical arr oxidauon
: units, sulfur production
National Security and International Affairs 70
soid waste incineration (commercial/institutional and
- cs municipal)
70 -59.5% Toxtile Mill Products e
olastics synthatic erganic fiber (miscellaneocus DProcesses)
Industrial tachinery and Equipment 28 -98
secondary aluminum processes (\burning drying smell furnacel
Lumber and Wood Products 70
salid v.aste incineration (ndustrial)
J Transponation Equipment 70-95
solid ~aste incineration (industnal)
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atalytic Incinerators > ~ W@t &

Catalytic inci .
differyence < l:s;itt%rs operate very similar to thermal incinerators. The primary
a catalyst bed to d e gas, after Passing through the flame area, passes through

estroy essentially any oxidizable compound in an air stream.

' The i :
catalyst has the effect of increasing the oxidation reaction rate, enabling

conversion at lower reaction temperatures than in thermal incinerator units.
Therefore, catalysts also allow for smaller incinerator size. Catalysts typically
gsed for VOC incineration include platinum and palladium. Other formulations
include metal oxides, which are used for gas streams containing chlorinated

compounds EPA, 1998).
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M. Saidan

must be preheated to a temperature sufficiently high (usually

« The waste stream
) to initiate the oxidation reactions.

from 300 to 900°F

« Catalyst Temperatures Required for Oxidizing 80% of Inlet VOC to CO2, °F for

Two Catalysts

Temperature, ’F
Pt - Honeycomb

294

140
189 348, O

a7 > , bk
37-"] Cak ¥ ¥
3] - "
: L) B
61 W

512
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« Flaring is @ VOC combustion control process in which the VOCs are piped to a
remote, usually elevated, location and burned in an open flame in the open air
using a specially designed burner tip, auxiliary fuel, and steam or air to promote
mixing for nearly complete (>98%) VOC destruction.

Flares are typically used as a last resort to dispose of gases that are of little
recyclable value or are not easily combustible.

* Gases flared from refineries, petroleum production, and the chemical industry
are composed largely of low molecular weight VOC and have high heating
values.

* As in all combustion processes, an adequate air supply and good mixing'are
required to complete combustion and minimize smoke. The various flare designs
differ primarily by their ability to mix air with the combustibles.

3
M. Saidan 4
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» The non-assisted f i
) for enhancing the :Ta“rz Con5|s'ts.of a'flare tip without any auxiliary provisio
ng of air into its flame. Its use is limited to gas streamrsl

that have low hea

e prOdUCintgczg:s‘r:; ar;: low carbon/hydrogen ratio that burn readily
; . Inese streams require less ai

combustion have |owercombustiontemperaturgs. air for complete
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Boilers and PMBS,&I@Q’M

JUi o1y <t =~

= Boilers and process heaters are commonly used by production facilities to
generate heat and power.

= Although their primary purpose to contribute to plant operations, they can
also be used quite effectively as a pollution control device by recycling the
pollutant for fuel.

= However, the only pollutants that can be used for fuel are those that do not
sffect the performance of the burner unit. For example, an exhaust stream
can be used as supplementary fuel, but only if its fuel value is sufficient to
maintain the combustion process. All volatile organic compounds (VOCs) have
different heating values. If the pollutant stream is large and the heating value
is high, the exhaust can be a primary source of fuel for the plant.

;-":’-;,»:0\ g N dp oV
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Kyoto Protocol & Emissions Economics
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United Nations Framework Convention on Climate Change
(UNFCCC) e aeee - 00

= A global legal instrument (international agreement) to protect the climate
— A e N

WY e inin N 27 <= I\ & =)
\aas N o3 System and Gtabilize)GHG emissions
* The ultimate objective of the Convention is “to achieve stabilization of
t‘\_——-.,__.______
atmospheric concentrations of greenhouse gases at levels that would prevent
dangerous anthropogenic interference with the climate system...
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= Adopted |Q(199§J, entered into force in 1994 ., | 5
N =
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W) e = Status of participation: 189 Parties
S U
&2 Y s Contains 2 annexes:
ASLANEIL o CIMIIES
Sy Je> 4D Annex 1: countries with obligations to take measures to mitigate the effects
of climate change
';,:.\a ds> 40

Prnex 2 37 S0\ ("“"}“pﬂnn\mL

»~ Annex 2: countries with obligations to provide financing to developing
countries for their obligations under UNFCCC
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SRy rinciples of equity” and @ but differentiated <\
REpey responsibilities” res g g~ —— i a2\
e "\i‘\!\{_‘v—\ew Pond to the fact that, although climate change -

is a global
ISSue and must pe tackled as such,

e\ industrialized countries have historically

= contrib
S uted the most to the Problem and have also more resources to address
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S eveloping countries are more vulnerable to its adverse effects and their

ooV

] u,y\) technological, economic and Institutional capacity to respond is generally
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3l 972 U The Precautionary principle” responds to the dilemma that although many P
A e r
PR ""ﬂ Y w still surround climate change, waiting for full scientific certainty e
< : before taking action would be too late to avert its impacts QEnci g
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« = Kyoto Protocol — key points S
2 g,}_w";
owY> ® Adopted at third Conference of Parties (COP) to the UNFCCC in Kyoto in 1997

Entered into force on February 16th, 2005 after ratification of the Russian

Federation

Until June 2007, 174 countries covering 61.6% of global emissions have ratified
the protocol

= Six emissions: CO2, CH4, N20, PFCs, HFCs, SF6

Binding emission reduction targets for Annex | countries of 5.2% below 1990 over
2008-2012

= Non-Annex | countries have no binding targets but must report on their actions

® Annex | countries can achieve targets through domestic policies and three market

mechanisms

= Non-Annex | countries can participate to facilitate sustainable development
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Meeting on climate change

Kyoto Protoco|

2001 Us pulled out of the agreement.

Russia’s recent ratification Was enough for the Kyoto Protocol to take

effect,
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Kyoto Protocol Mechanisms )
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U ET - Emissions Trading ( Garbon Yading) o2 S S S0
- crpa) Sres oS p
AAU (Assigned Amount Units) are exchanged between Annex | countries

%20 Il - Joi : T
- - Joint Implementation G T B8 RO, | S
I Lo PSS W SNoan VN GO e NVAES 7 e A WY rebdso B i L WD, Y,
22N SOw s\ Annex | investors re

ceive (ERUs (Emission Reduction Units) b Investing in a
; AIEXFIE G (———-~ﬁ_.__.. ) 2y Investing in

Project in another Annex | nation which reduces GHG emissions

% CDM - Clean Development Mechanism
e [ M

% "i) o Annex | investors receive@CEﬂwﬁons) Mrw-d
8 it - Projectin a on-Annex | nation which reduces GHG emissions

oY e

N ,| As the emission reductions from CDM

projects are certified, unlike those for J| projects, they

P [ are termed Certified Emission Reductions (CERs). one CER is equivalent to one ERU, assigned
X '_‘__"'_‘-"\—u—'—‘——--—\_-—‘__—.___—w__‘ A '-:z. 2 —_—
7 V' | for a saving in any of the greenhouse gases equivalent in Impact to one tonne of carbon
: ’,l;)\’. ‘ dioxide emissions.
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Tonne Equivalent

\ 74
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Fo.r €xample, methane (CH,) has a global warming potential of 2"1;
FhIS Means that one tonne of methane has the same climate chan—g—e
'Mpact as 21 tonnes (t) of CO,, and hence 1 t CH, = 21 t co,,. This
Means  that |andfi|| Projects involving methane emeission
reductions can be Particularly attractive, because they can generate
large amounts of ERUs.
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What Annex | countries can do

Limitations of CO2 emissions in
developed countries (Annex I)

|

4 options for companies
e e e e

1/ Pay expensive 2/ Carry out carbon 3/ Buy emissions

4/ Carry out carbon
S> fines: reduction through credits on the reduction through
A processes CO, market (ETS). technology transfers
(> ; -
> _-7 improvement. Srabindy in CDM or JI project.
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How (m/[\works?

- Annex |

Non-Annex ] country receiv

Annex | country receives CERs

ey LR b Y e :
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JI Project example ~ g o\
N a2 Flow b_,( gl.‘p\ g""‘r,’,uf‘,’
A UK cOmMpany might seek to bujld 3 h
that w

R

dditional to that 4’

cenario. The Project would not, for

s if it replaced g national electricity
t have an

S 2

country invests in

tHG reduction

project in non-Annex I country

es revenues from CERg

Annex 1 Country
€.g. Japan

/
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CDM Eligibility » o=

7 e Will the project reduce emission types under the Kyoto Protocol?
& & ¥V +—C02, CH4, N20, HFCs, PFCs, SF6
P ._—__-“-——____

> Does the country meet sustainable develo
country?

=~ Economy, e.g. creation of employment

eV’ = 'Ecology, e.g. reduction of air pollution
> Social, e.g. improved availability of public services
= Are emission reductions additional?
Je>

Pment requirements of the host

GHG emissions
(t€CO,eq)

. s

1. Validation of * project
design,  basellne * ‘and

munllorinw_an
ﬁ..-...q..,f,qziss‘u?ns baseline /

LY

ADDITIONAL - =
EMISSION [ N v

2. Verification ./
Certification  * of
emission reduni}ns

]
I
! REDUCTION
|
|

Emissions after the project

—- Years

L]
Project implementation
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The opportunities for reducin
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environmental impact
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CDM Eligibiliy
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Does the Project fall intg One of the seye

N project type Categories?

Upply-side en
Renewable en
Fu itchi
4l switching i
Methane reduction ~ e
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Industrig| Processes

\ica
Sequestration and sinks — e s o aNs
F\—\—’\_ﬁ

Lritaian u-c&:\,&‘-!

: s L - ROy an b
Project result in significant negative énvironmenta| impacts? <A
\j\’\_\—\_\—\_—\’b\_\_"\-’—

If “yes”, then envir

€rgy efficiency
ergy

' Adu 30
onmental impact assessment (EIA) required Nio

- Covers non-GW S5 o

. Significant impacts m

ay disqualify project for cpm “aMs

EIA brings additiona| costs to the company oo
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g energy usage and lowering

Managing energy more efficiently performing Energy assessment/audits,

utilizing €Nergy management training, and implementations programs

Upgrading existﬁiﬂng equipment < shifting to more energy-efficient
Y Ao\t

) ;
Processes (e.g. from wet to dry) = @mishion 4B p g
"H_\-.____

> ";,\)P
Utilizing biomass fuels

RDJ‘- oC C\\\m\,\i‘.uv_ QM\
Utilizing waste fuels
= ol S

~ pASA

Replacing high-carbon fuels by low-carbon fuels (e.g. shifting from coal to

natural gas)
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ount of ethanol used in the cars)

SRR gr’.w”tﬁ-’ DAL iy S2 W
x‘jmple 4.12: say pro d : S
ol v 7y
' Stitute 109 i ”F]J :P’JCD \ project involves use of ethanol to e
: average Ca.r, R o Iat €t of 1000 private cars. Assume that on [\
: itr e : -
; trwe km. JUWT‘;—?*—GJ:E_IIHE Rerkm and the average annual  : wn®
: 1210000 | s s
: ¥ change in T itlon of gasoline by ethano| does not result in :
tequal to the am MSIepay; tlncrﬂtore the(reduction in sazoline is ;
: e :

e
S
""""""""""
vihia'e
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seline
for example 4,12 can be estimated as shown below.

Fuel conzumption of

acar per km (A)
AVE‘FJ?E annu

= 0.1 litre gasoline (0.074 kg)
al distance traveled per car (B)

N = 10,000 km
umber of cars covered in the project (C) = 1000 A e
Emiss Ry
Eml lon factor of gasoline(kgC/ tonne) (D) = 847 (IPCC default for Fa:oli;:e) ! f,,
- = c‘o
sMlssion baseline (tonne CO ) (F = = (0.074x10,000x1000x0.847)x
AxBxCxDx44/12) : 44/12 = 2298.2
Project emission (tonne CO ) = 0.9x2298.2 = 2068.4"
. ,«‘Wq‘l case 10% of gasoline consumption is replaced by ethanol, which is produced Jrom organic sources and has zero
=8 enmissions. Therefore 9 Dasefir ne 11n baseline resuits in emissions durin 12 project case
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.o\~ Pollution Permit Trading -
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* |t is almarket-based 1p|:_)roach)to controlling pollution. By creating tradable pollution
s « 2 T permits it attempts to add the profit motive as an incentive for good performance, unlike

.y traditional environmental regulation based solely on the threat of penalties.

7. »w 0‘;)\'

e, :

Fa -a Developed in the 70s and 80s, emissions trading was introduced in the US in 1990 to
4= o v combat acid rain, but more recently it has grown in prominence as a way of tackling
o> S greenhouse gas emissions linked to climate change.

= Emissions trading is a central element of the Kyoto protocol in the form of the Clean
Development Mechanism (CDM) and is the cornerstone policy of the EU, whose
Emissions Trading System (ETS) is the largest in the world.
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A3 = Marketable pollution permits equate(margmai abatement cost jMAC)across polluters so o

“Sb\u,wvf_,\.&)\\].c,;;n;"“’.’\

i
each firm compares their MAC with rice of the permit. A) s oY
———‘:‘j—a’&—-ﬂij’_n LIV s spad P i ;, Q UJ...E\"
-\ 0 . s : - J
. v l_r If MAC > price of permit: buy more permits, po!li'f more (cheaper to pollute) e e
& e P
g ’,;t » If MAC < price of permit: sell more permits, pollute less (cheaper to clean up) SRS
?b - = SR = _@ﬂ\ o
(i) w GG )
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= MsIn a cluster, with the following profiles
M Initj
al p i .
A o ollution Leye| IU___I’_II_L_S;] Marginal Abatement Cost [$) a9
B 80 20 “@\C 2N Jw
S 50 ig ek
The g0 e i
Vernmen ot
i . twants to redyce pollution in the cluster to 1

: 20 units. It gi
dable pollution permi o UL gives each

ts,

S Eachifi i i i

iIrm has mns. Therefore, if no trading: 2 22\ L G
A abates 70 - 40 =30 x $20 = $600 i
B abates 80 - 40 = 40 x $25 - $1,000

C abates 50 - 40 = 10 x S$10 = S100

Total abatement cost: $1700

e
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However, if the equilibrium permit price is $20. so $20/permit:

both A and C want to sell permits to B since it is cheaper for them to clean-up rather than

pollute — excess supply of pollution permits (not
equilibrium).

A is indifferent since price = MAC, abates 70 — 40 = 30 x $20 = $600 (A has 40 permits)
B buys all permits from C, so zero abatement costs (B has 80 permits)

C sells all permits, so has to abate all original emissions 50 x $10 = $500
(C has O permits)

Total abatement cost: $1100

B i i S
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