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INTRODUCTION & OVERVIEW
(D Concepts & definitions.
{3 Environmental science & environmental engineering.
1 Introduction to Microbiology.
Overview of ecological and environmental systems.
{8 Environmental ethics, regulations, and standards.

2 Environmental lmpact assessment and sustainable development.
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CONCEPTS & DEFINITIONS

\
m Environment is French word “Environner”, which
3 means “to encircle or surround”. That is, all the physical (non -living)
almhaologlcal surroundings of an organism, along with their
interactions in the atmosphere, hydrosphere and lithosphere,

vich surround us is known as our “environment”.
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| ENVIRONMENTAL ENGINEERING f\ﬁ

E nmental engineering uses environmental science principles,

along with engineering concepts and techniques™, _
1) To assess the impacts of societal activities on the environment and
~ the impact of the environment on people, and GLiadl $ 3 5
) To protect both human health and environment. L A
| _ o oy
ring techniques involve design, operation, controland 3 o .
, of engineering units (structures, equipment). P
olves material selection, sizing, connection, networking :
AN NS NN AN ,V\/\/V‘ PN W W, e

@ Environmental engineering is concerned with the design,
manufacture, installation and operation of the engineering systems
that sustain and control the environments required by people and
processes.

% The environmental engineer is the one who solves environmental
problems using scientific tools (concepts of envi:onm_enta| science

and engineering techniques). 1 o Lt )
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Handling of Environmental Problems
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A‘nalysis Environmental Problems

= Analysis is crucial for understanding and solving environmental
engineering problems. Both natural (ecological) systems and built
engineered systems need to be analyzed.

= The purpose of analysis to predict how they do behave, and to
explain why. EVARNY A LosaS sla- a3 &—-e_'yu procex sl

= Steps: moa’emé‘\!’\ 1B e Ly, ‘U>Luu le.hw‘w uu,ajl u&dﬁw_g;u al

1) Translate the physical system into a mathematical
representation. This includes physics laws, transformatton
(chemical, biochemical, electrochem:cal) processes, d
transport (fluid flow, heat transfer, mass trans/c: ) processes.

2) Solve the mathematical problem to obtainthe msutt. p——— ..;}_
3) Interpret the significance of the result fg; thg pmzs:mf \

system. u( d.al‘
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o Hazardous waste is any waste of combmatlon of wastes that poses
a substantial danger, now or in the future, to human, plant or animal
life and that therefore must be handled or disposed of with special
precautions.” o G 3

@ Sources can be Industrial, Commercial, Agnc(ultural & I—(Ig))usehold
®

V"')D Chemical composition: can be organlcslnorgamc or mixture.

\/ "w >
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‘/;*’M

s ¢ s 3..:-.\\ \th u.:_tr\-v Water Samples: ww
),Sl (S) Ls O\ - X Les3
5t % jlals PIURLIN IV f"‘ ;
o s B Gl o o 0 e e
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lif?d to assess the clarity of water ( coaqulation” ; ¢, L
2. Due to colloids : particles that do not settle readily

3. When colloidal matter accumulates, light is ‘;9?:;‘;1 °/>*”f’
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1) Non-toxic and relatively inexpensive

SR sy - al ¥,
2) Insoluble in neutral pH range ../Fccla 3 Fe hjf"", .'
C:E?e- 3) Do not leave high concentrations of metals in treated’“
Ju 4) Trivalent cations are most effective in charge neutrahz,-,t
il 5 Lan i vt ey

L..‘:x_»\.,‘g_bJ \Bj'wl,.\»bu. Common Coagulants

* Alum

(/',_

* Hydrated aluminum sulfate [Al,(SO,);-14H,0]

* Alum, when added to water, will be hydrolvzed to form
gelatinous hydroxide [Al(OH),] precipitate.

* This will carry suspended solids as it settles by gravity,
* Optimum pH: 5.5 =6.5.

*Anhydrous Fe* (as FeCl3)
- Forms Fe(OH)3(s) in @ wide range of pH4-11, optimum 4.5
mkalurﬁd leslo 151000 D3 Lnble dlasoSn Hywy
SOl-r (o] o kant d;«u,.le.b,pH A da UL A
. ) \-LCOQqulahon I buffer Lg_,_y_ég HCos sicla

(L e
Aluminum Chemistry —" ... B

\)r-‘,._, >

=

3 ! m addition, what happens to water pH?
50 )3 14 H,0 < 2AI(OH);l+ 8H,0 + 3H,50,

alum consumes 6 moles of blcarbonate (HCO

D+ 6HCO," & 2AI(OH),+ 6C0, + 14H,0 + 350.
L e nC gh pH will be rem greatly
mws +1 2 +14H,0

'€ may be needed to neutralize the &
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1) Disinfection i typically the last step in a w
treatment System b
|
2) Residual disinfectant is needed in distri :
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: 14) A residual of chlorine disinfectant is Ie;‘t
m“‘i‘“ reinfection . Chlorine can form hal'mft:j 0,
Suspected links to stomach cancer anh G
agencies now residually disinfect wit
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More on Example -1 General to convert
Toral Ymitneas from ion to caC03:
Ca: 50/20
; Numcaronane Mg: 50/12
= Cartosate Hardness -----~.{.~.'_[_m.:,:‘f‘_...._ Na: 50,23
A\ E HCO3: 50/61
Ctioms a 8 G 504: 50/48)
| - J cl: 50/35.5
Ao Hoo; S r
g s n TH = ol
-4 (Q “+ 4 u 3
s e e i T 2y BOORPE Y
4] xy bt )] WK 400

o Total hardnes €rE) = 258+ 23 = 231 mg/L as CaCOs
« Carbonate Hardness (CH) = 28% mg/L as CaCO3

. Non-Carbonate Hardness 201
5% (NCH) = TH - CH = 281-209 =72 mg/L as CaC03

- » .
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- _,mand Solution

. Typical design values of the G for coagulation

- water with higamil Didity
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1% The use of denved equations: Mass balance, chemical
étics and the principles of reactor design (see for example

2

Activated Sludge Process, slides 23-26).

2. The use of loading criteria: Typical hydraulic detention s
times, unit sizes divided by flow or population; g fang

factors (see for example Tables of Activated Slu
slide # 28).

and years of data (see for example NRC &

equations for Trickling Filters, slide # 45). -
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microorganisms capable of stabilizing wastewater aerobically G,‘»w' ds':‘lﬂ
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(removing biodegradable organic material by assimilation). 235 sl
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D Typically, it is a suspended growth process that can be modelled” L/
as a CSTR (Completely mixed mode) with a recycle stream, where
the biomass from the secondary clarifier is fed-back into'the

bioreactor. Contact time between waste and biomass con
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e Combine the mass balance equations for food and biomass:
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J I L..-,u u-‘-';b-ﬂ
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® The hydraulic retention time is: .-— v/ Qo

® The mean cell residence time, MCRT or sludge age is: 557
stud ¢ Xw - ) j
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Itis also common to predict the Pen‘ormance of aerated lagoons using first order kinetics for BOD (or COD) reaction:

c —> ( \_\,_.
K .—s k > c= o
| B (1 + (K7)(t)/n]"
pre:
i <4 offluent BOD (or COD) (mg/L)

Cg= influent BOD (or COD) (ma/L)
Ki= temperature dependent rate constant = K § 1)

Kg =rate constant at 20 =C

g=temperature coefficient (1.036 for domestic wastewater)
T=temperature of water (°C) 4

g total detention time in system ;‘50 no s ‘Au

= number of equal sized cells in system <€\ S -

If other than a series of equal volume ponds are to be employed and varying reaction rates are expected the

following general equation should be used: 5. KT Le,,_, O 5o A @ slas)
éLL\\ —>= ( 1_ )( - )( - S AV Lo v'--’
J.b (.o =t )\ltl’ 1+ k:t: 1+ knf K L)‘Jb\;—g

Where ki, ks, .. ks @re the reaction rates in cells 1 through n (all usually assumed to be equal without additional data)
and ;, 1z,..ts are the hydraulic residence times in the respective cells. \
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Facultative Ponds IS
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@ Facultative ponds can be used for wastewater treatment from small
communities or biodegradable industrial effluents.

‘0 Long retention times facilitate the management of large
fluctuations in wastewater flow and strength with no significant

effect on effluent quality.

0 Capital, operating, and maintenance costs are comparatively lower
that of other biological systems of equivalent treatment efficiency.

8 Both aerobic and anaerobic microorganisms and reactions occur.

Q Raw wastewater enters at the center of the pond, suspendad solids
settle to the pond bottom, where an anaerobic layerdevelops.

OBoth acid fermentation and methane fermentatiof ocglir inthe 1 sean sl

bottom sludge deposits. il "a Gl
Acid fermentation: *CxHyOz — CH, COGIFEHE‘FE"“ ALt
Methane fermentation: % CH,COOH-— CO +CH, 433 Carbax,
:l i U\ﬂ. 2 \ﬁz
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Attached Growth Systems  ijaiton = 7%
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« Biofilm: s e
5 biological slime layer, bacteria in biofilm degrade organics,
piofilm will develop on almost anything. Biofilm 3 i

S Biofilm Ls 3% ¢ clanfier oy & oss de (ptuias pare
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Trickling Filter (TF) — R s o

Bactena
feed

on BOD
and waste

Cleaned water
passes through

"

1 TF consists of:
» A rotating arm that sprays wastewater over a filter medium.
® Filter medium: rocks, plastic, or other material.

2, The water is collected at the bottom of the filter for further treatment.
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4) Design based on specific
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1) Attached growt

2) Plug flow mode

3) Contact bed: 6 hrs
of resting (drain)

: mduce
5) Aeration provided by {9t

s S ol S us
Media:
= distributed by a rotary distributor
= Plastic-filled trickling filters: vertical-flf)w :
packing, cross-flow packing, and a variety 0
random packings; circular, square, or other
shapes;(depth: 4-12 m ¢ Bie-fewer

A = cross section affa

W72/ depth
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E By considering the change in BOD concentration in the filier with (img
as @ first-order reaction, the following equation is derived:

ds The commonly anaud’lcmpcmurc correction for & is as follo
kS

di ky = kel 1035 .

where & = an experimentally determined rate constant
3 = BOD concentration at time 7

and using Eq. (9-15) 10 ddumh“hh filter, Sehulze degi
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* Problem:
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Air pollution is contamination of the indoor or outdoor
environment by any chemical, physical or biological agent that
modifies the natural characteristics of the atmosphere (WHO).

o Air pollution is considered to be the world’s Lar@‘ﬁ environment
health threat, accounting for 7 million deaths grblvjknjaﬁikhe world/
year. Air pollution causes and augments several diseases ra nging
from asthmajto cancer, pulmonary illnesses and heart di;ease. \‘

o In acpordance with recent estimates by the WHO exposure to a
pollutlon_ls thus a more important risk factor for major non-
. . Previou:ly thought, Air pollution is

e largest contributor to the burden of dice
environment. R | disease from the
o Air pollution is causing global eny , Ui
: [ o Y | tal prablems, main!
climate change. Local and reginal impa tsincIEde envir;)tr?rsllenn\t/‘”

: damg and significant e@‘mo‘mitilﬁs:és-
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ot 2 5 4 YPes of Air Pollution

P -_:,onal air exposure: It refers to exposure to dust, fumes
and gases to which an individual exposes himself when he

ﬁ,ndulge himself in smoking. This is part of “Indoors
.WEQHEI_[_QQ problems. | .., J) Bros Golh & 6k LSt
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2. Occupational air exposure: It represents the type Of
exposure of individuals to potentially harmful concentration
of aerosols, vapors, and gases in their working environment.

This is part of the “Occupational Health” issues. W £ 52 <t
Gl A\ae Lo ‘s&_-mw

. , iy ’ —7
3. Community air exposure: This is most serious, complex,
consists of varieties of assortment of pollution sources,
meteorological factors, and wide variety of adverse social,

economical and health effects. I e e A
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< * |tis a substance or effect dwellmg temporarily or

permanently in the a{r whuigj\deLiely altj‘rs tr:e
vy ) Lo O | A L)
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o by interfering with property valued by people.
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- A pollutant;&n be \S’“’ ;’1 w%*g; :'i:’jl “},";,"f,’ )

;J‘":*" = " A substance: SO|Id (large or sub- molecular), Liquid |
) > \_SQ) — (J___l -
.ﬂf“g xc 3 Gas or Mixture of the above, as well as Uﬁ:‘j&wu

°/‘J" ¢<=tai = An energy or physical effect (noise, sound, heat, &
oyl eS¥ o diation, etc.) Sl s DU G 25 @ Ol
e j\ﬁQlSd,.-.b%a-mM BN o a > ’J‘Un.

= |t may originate from a natural source, an anthropogenic:

source or both. U e 08 picrodg Qo n 3o 31500 X
Q»L__,nd\ Ol SMOKC 3\ 3 | ylis 2t ae OB et &> 90 >~ W
S Oj\As <)\ € Vop Y:‘\ WJ %‘) L‘rA 333“ =
oyt Cau (s Cojis
ok 5 mlugausa P LW Gaureae o
sblid poficlei s collol dal syt & _’ -
(mix of Sfol’ht.lc 'n 3‘_,0)' 39 - ‘
\tq patidd Liay ¢ atr )7
PP o

"y

£

- »

m,.mrw Quad s 6
’ HLUO03 AS' As

Bia oj.‘cul O( M

CrS

-iul)ul - N -
(2 TP, C02 aaa
\J”’ r.!.“ dl.’l‘ jw < Hé _’ A e . ‘Fr:':ﬁ _ Y

1 S|u yJ = 2 V ] $ ' - “ i % | X ,.-. ",:EIL:lri"‘ i

Volcanic Eruptions, Forest
Fires, Sea Salt Sprays, '
Biolog »j"u '7'
Grains, Marshe: ‘
Photochemi

mtpoﬂumn i
ondary pollutant
sun Ight and particulates

J"“

cnmy‘r:“‘ﬂ S ¢ PUD \,&w

-




' e T T
e Nature & Sources of Air Pollutants
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!M.’L“-f-a—l—p—o““ta"f SOUICES (st turbidity |
«\olcano eruption: emitting smoke, other particles, SO5, H.S,
CH4--- /\/\/\/\J

. Forest fires: emitting smoke, hydrocarbons (VOCs), CO, €Oy
VA RWRRTOLE S5

NOX“'-LL»\'\ 5 Bl .
Loz Laslaay . ‘I_’ggl\_-i:ud 1ile a)\# L
« Desert sandstorms dispersing dust Az, % 15 Gy OF Ak B &:‘—”
e X i ety O
« Oceans are emitting corrosive salt aerefols (spray)‘ f“f‘-‘"”)' U\’;u;u
- o .I L ’
« Lightning produces NO, and O, 5pl0Y Q@Lz\ﬁ)aerofois 3
3 : . %\4 o
«Normal human ( and animal) respiration produces CO; Ly &
NASLES (3 Lo'p o L AS G Us < Gyt L 5o 3 Glan Lo 5 358

scc pollvtatt (G oo

e

g s

,z)\ljﬂ)\ 3o \ades S i ;‘ siola,  peink

L Nature & S DUrIc DT AIlr FOLIULaliits ¢ T 1t ji‘;f
: 2\ leo ) o uldnlie afta soufd

Anthropogenic (man-made) sources [ eslios Saile 51 & 0 Ly il

1. Stationary sources: mining and industrial processes, power . SR Y

51

generation, all fuel usage, waste incineration, agrochemicals and =~ T~

livestock farms [include point and area sources]. - oI G
2. Mobile sources: all emissions and exhausts from transportation.
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“Major Air Pollutants
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Primary or _

HAUO3 dae P |s

# Composition Secondary Characteristics e
particulate matter -tyjtﬂ"‘@-' <
" % Xil;rinblc Primary  Solid particles il ‘) =
R Primary Solid particles ¢, ) ¢ (BeNUNE) &y
;S’u[ﬁlr.lc acid 112804 Secondar’y I‘iqud droplets 6 E w w
;en oxides I dﬂ:a “’03 '
{ ] . n
Nitrogen dioxide NO, Primary Reddish-brown gas ;j‘ )
sulfur oxides (ol &
Sulfur dioxide ,» 50O, Primary Colorless gas with sorong odor
Carbon oxides Jh—“é;m g.ﬁm o M
Carbon rr}on'oxidc CO w\u’-):‘j: Primary Colorless, odorless gas
Carbon dioxide® CO, €O N o _,J-. Primary Colorless, odorless gas
arbons P e Sy W, o 2
_Mc T L@afuu CH, )‘S‘y 4GFulb Primary Colorless, odorless gas
‘_.Benzene s Csll, o J-'T( Primary Liquid with qwee; SInel: =
s = et
. 0/3‘n.p ey Os 0, 3w e Secondary Pale blue gas wath acnid ©
Mmks JeolS (s U\J:,\ l"- Co tu.vlb
raChlorine Cl, i Primary Yellow-green gas
* Discussed in Chapter 21. K
Sowrce: Environmental Protection Agency. -¢ bad 03 B Soc,d 03 U“' \-9_3'.'” r-. {
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« Air toxics hazardous air pollutants) are known or s,g;scte'd

cause cancer or other serious health effects. r B

.+ EPA’s hazardous air pollutants include:

» Benzene (motor fuel, oil refineries, chemicalg_

« Perchlorethylene (dry cleaning, degreasing) -;v
ct\u; Chloroform (solvent in adhefwfrfmrﬁagh g;_;d_

chlorination processes) Paly |

- BTEX* Dioxins, PA s, Metals(Hg, cr) B
‘ : \-_Ld.e\

-1 _‘.gp _g\_'s| j
National air tOXICM __ s rHcLL gi "’
emissions sources X f_;“'“" R
in 1996. ask T
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Protection Agency,g.d R
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m\’nzene toluene,

Ethyfben ene and xylene - ¥ \~§ 3
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4. Smog used to describe air pollution particles. ;= ;ff
e \_,L.q."'
\.:Lbf_«. Y
AJ

phisicte B Suspended particulate matter (PM) consists of a variety of so/id
llayss  particles and liquid droplets small and Ilght enough to remain
e

e bas)  suspended in the air for long periods. ““7s 467

. of Particula bjj’f‘“ﬂJ Yiab 5 r' 2
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Solid or liquid particles with sizes from Mm Generalt

termed aerosols. Uvisteth ">‘°“° 3 Oolash fos Jois U Rimas
Lo ) wwLwS&,}bQu

1. “Dust originates from grinding or crushing \_.:S:,.t-y o vap ,iq

‘2. Fumes are solid partlcles formed L).mhen Vgggrswf?)”gedgie ; )f_

)
3. Smoke describes particles released in combustion le:OCE‘Sseg

2 C\, slo 120 \[

JS_, \_a‘_slud)-‘b

JEREI
2. EPA classifies particles as fine, or PM—;O (WIth diameters less tha
10 micrometers), and ultrafine, or BM-2.5 (with diameters less
than 2.5 micrometers). (Both are respirable, see next)
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VeLexl:iosure |rr|tates eyes and causes mﬂamma_’gl,O" L
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ry raCt JJ))' “ ) MJ'B WU"J‘“
fevelop into chronic rac:
P Into chronic respwatory diseases
evelop serious non- -respiratory diseases
'L. | T g L, i
ettt 3
i Source
Industries, electric power plants, motor t illnﬂﬁ: |°"E“""“m
w vehicles, construction, agriculture Agﬁ:yv;::q,wmdm of chronic as
‘ bronchitis; linked to heart discase; suppresses immune systerm;
. mmmd,'mshaqmmkmdmdlmk,ﬂf
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e pollutants enter through stomata (leaf
pores), destroy chlorophyll and affect
photosynthesis ¢ w2 %
® Necrosis — Darr('ge to Leaf Structure

* tv @ Chlorosis - Loss/ reduction of Chlorophyll

shkay Las %

' e Abscission - Dropping of leaf Gl b s
® Death. - GG
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« Sulfur in the fuel reacts with oxygen to form SO,, which is an
important air pollutant. Main source of SO, is the electric power

plants that burn high-sulfur coal or oil.
« Motor vehicles also contribute to SO, emissions since gasoline and
diesel fuel also contain small amounts of sulfur.

« SOx and NOx react with water vapor and other chemicals high in thi
atmosphere in presence of sunlight to form sulfuric and nitric acids.

« Acids formed usually dissolve in the suspended water droplets in
clouds or fog. These acid-laden dropletgre washed from the air ¢
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Ra ey property damage (including animals, plants and materials).
q:‘l‘““: H
N 7 By - WHO Air Quality
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= Q Monthly 1.5
Nitrogen Dioxide 0+ & &3 |4 100 (0.05ppm) | * PM10
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and humidity, enerqy from the sun and earth’s rotation drive
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2. Circulation and the resulting interactions with water and

temperature differences produce the climate and weather we
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3. The rate of temperature change with height is known as the La

rate. In each case, the reference lapse rate, I, is given as a brok
line to allow comparison with the actual lapse rate (-dT/dz),
which is given as a solid line:

(-dT/dZ) <or=or>T

Sy = Reference lapse rate: I =-0.01°C/m =-1°C/100m = -10°C/k
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:-: 4. The smoke trail or plume from a tall stack located on flat terrain
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Given the following tt:mperﬁture and elevation data, dctalﬂ?'m the
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' Begin by determining the existing lapse rate:
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o 3 Glass allows the solar radiation to enter freely but blocks the
S*% ol infrared radiation emitted by the interior surfaces. This causes

Hip. f:’i rise in the interior temperature as a result p‘f trh’g thermal energ
34 <.iw 21 buildup in a space. o 0 gl yh (sl s e f*:’*“_"vf‘)\?ﬂ*
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; L Earth surface, which warms up during the day due to absorptio
“$*% wueidd of solar energy, cools down at night by radiating part of its ener

E Loy (g - ; R
%] .-jl—m\‘émto deep space as infrared radiation.

‘.:,:'“" Q Carbon dioxide (€C0,), water vapor, and trace amounts of some
“C ' other gases such as methane and nitrogen oxides act like a

-~

9 a5
\Wew 1se blanket and keep the earth warm at night by blocking the heat
@htrel  radiated from the earth. s 0 flah 3 OS5 IS o
Nela s R — | W PR DRV RS Y
thmision ™ The result is global warming. DI L. U
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Lo 36 ®= These gases are called “greenhouse gases,” with CO, being t
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rimary component.

®= This phenomenon is the main respon§;b|e for Climate Chang
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~las 1. Carbon dioxide is relatively transparen"-;to shortwave ultraviolet
co, - « light from the sun. It does absorb and emit longwave radiation
s 35 at wavelengths typical of the earth and atmosphere.

7 2. Hence, CO, acts much like the glass on a g}”éggnhouse: it lets in
¢ Lles  shortwave radiation from the sun that heats the ground surface,

-

sLba)l but restricts the loss of heat by radiation from the ground
- \sL surface. The more CO, in the atmosphere, the more effective it
is in restricting the outflow of radiative energy.

3. Other gases have now been recogn tributi
greenhouse effect. Me%eane (CH,), " ibut!ng ;g;ﬁ:@
are similar to €0, in their radiative behavior, Even though thei!
concentratigAs are gases are Now
estimated t@ﬁmﬁﬁ}; DNg-wavie radiatio
as CO,. R
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rise another 2°C by the year 2100 that the earth’s temperature will

; Aartligr(r)li;tvk\:liihn;igmtude can cause severe changes in weather
gnd B icicin o(?chS and heavy rains and flooding at some parts
ae | : ers, major floods due to the melting of ice at the
poles, loss of wetlands and coastal areas due to rising sea levels, and
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23 The average car produces several times Its weight
in CO, every year (if driven 20,000 km a year,
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ico. »®  Arapidly growing rain forest can fix 1- 2 kg of carbon per
Ly¢ 20¢ ©1 square meter of ground surface. Cultivated fields fix only
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Increased use of renewable energy (wind, solar, biomass) and
combined heat and power installations;

) Government regulations and monitoring

Improved energy efficiency in bulldmgs industry, household
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Ozone Depletion o v, b vone s
Ozone (03)_ spray flsé&a’:u.: P& Vap
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« Triatomic form of oxygen in which three atoms of oxygen are
bonded.
v Strong oxidant and chemically reacts with many materials in

atmosphere.
v'Highest concentration of ozone in the stratosphere.

« In the troposphere, ozone is a pollutant (part of local “smog”).
« Ozone in the stratosphereabsorbs most of the ultraviolet radiati@e
from the Sun. %
vOzone screens all of the most UV radiation.
v Excessive UV-b and UV-a radiation.can cause sunburn and cal
lead to skin cancer and eye damage. £
«increased levels of human-produced gases such as CFCs

(chlorofluorocarbons) have led to increased rates of ozone
destruction, upsetting the natural balance of ozone and leading

reduced stratospheric ozone levels.
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* The most popular equation is proposed by Johnstone, Field

Tassler (JFT): sy
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VTR ¢R = Liquid flow rate (Qi, m3) / Gas flow rate (QG, m3)
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C=1+[(6.21x104T) /dp] dp = diameter of particle (m)
dd = diameter of droplet (m)
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Removal Efficiency of ESP L3

Electrostatic precipitators are capable very high efficiency,
generally of the order of 99.5 - 99.9%. S

The classic ESP efficiency equation is the one proposed by Deutsch.
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% A = collection arca of plates, m?’
w = migration velocity of particles,

N3 Ll slhahie 9, = gas flow rate, m?/s
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The migration velocity of the pamcles is a function of the electrostatic force.
The migration velocity is described by the following equation:
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Efﬁcxency of an Electrostatic Precipitator is
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Number of plates = total area/plate area DogNisip ¢ = Cunningham correction factor
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« The final choice in equipment selection is $1S s cosk gl

usually dictated by that equipment capable of ~ *' 's*= P 135 oo o
achieving compliance with regulatory e \-‘5“”’ C?F

Standards at the lowest annual cost (capital o
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investment plus operation and maintenance 3

costs).

e In order to compare specific control

equipment alternatives, knowledge of the bl
particular application and.site are essential. 1w 25 b\t 1 S0
xL&m.rl d—* u;(,, uh-u \:L U 1

“J—OIS 1““ J1 1 ‘L’Ju—g}"l &s’

e A preliminary screening, may be performed Goly 2
by reviewing the advantages and
disadvantages of each type of air pollution
control equipment.







