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Appendix 8-1
Vasious Alr Pollutant Control Measures at Thesmal Power Plants  (#069, 070)
8.1.1 Measures against Sulfur Oxides
(1) Implementation of Fuel Measures
‘This is a measure that the volume of sulfur oxides discharged from thermal power plants is
_ reduced by lowering the sulfurization of coal, heavy oil, and crude oil, by using light gas oils such
as naphtha, NGL (natural gas liquld), etc., with a small volume of sulfur as a fuel, or by using gas
fuels such natural gas (including LNG : liquefied natural gas), ete.

{2) implementation of Facility Measures

This is @ measure that sulfur oxides are removed directly from flue gas by means of flue gas
desuifurization facilities. Table 8.1. shows various kinds of desulfuring methods.

Tabte 8.1 Kind of Flue¢ Gas Desulfurization Processes |
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Kindhof Processes Abm‘oed Regmeda!mbrg Raw maleria Bypodudt
o S Quik e Cc0
Magnesumatie Sdkedime CalOH),
Mg-Gypsum process MgS0, Shury Cacimcabonde | CaCo,. Gypaun
Celm&iie
SuebrkGypsum | - Cascaborgn | - CaCOy , |
Sufie brk-Sulfuric acd _ — - Sisicacd
Dhidsfucosd- | Oledsdircaad | Sakon Cimmatods | Ca00, | Gy
NHAmmonumsuEse | Ammocdom suile Scion Ammores NHOH | Anmonium sl
- NHGypeum M - Sekedime | CaAOH), Gpaun__
: y s | Suny N e | CaOH)y :




1) Wet Type Lime - Gypsurn Method and Facilities

The wet type lime-gypsum flue gas desuifurization basic '_p'rerS's.is a method based on the
following proceduires : 1) sulfur dioxide (SO,) in flue gas is gas-liquid-contacted with absorbing
sofution slurry containing I:mestone In the absorbing tower in order to get ca!cuum sulfite, 2) the
calcium suifile in this absorbing so!uhon is completely oxidized wnlh air in order to get gypsum, 3)
after free water Is separated from the gypsum, the gypsum will be taken out as a by-product.
Figure 8.1 shows a schematic flow diagrarh of a limé-gypsum process desulfurization facilities.

heater .. Demiser -

T
Gas O :
fan

- Wastewster

Caco,
o
CalOH),
Water’

'Figure 8.1 : Schematic flow diagram of a lime-gypsum process desulfurization facilities
2)’JBR Method and Facilities

' 'The JBR (jet bubbling reactor) method is a kind of Ilme-gypsum method tha! SO, in ﬂue gas is
absorbed oxadezed and neutralized with {imestone as a neulrahzer R &

‘This method is s:mple and revolutionary, becausa the number of faClIIlleS is smali, lhe area where
such facilities are mslal!ed is also small, and the conslructaon and operatson oosts are lower than
those in the case of other methods as well as it is poss:b!e to solve scaling probrems
Figure B.2shows a schernal:c fiow dz.agfam of &4 JBR method desulfunzer '

(2) Basis for Adoption of Wet Type Lime - GypSum Method 'Fme Gas Desulfurizatidh:l?fooeéss
: Lsme gypsum method ﬂue gas desuifunzatron facahtnes have the fol!owmg charactensucs and

are widely employed in Japanese power plants because itis the most reliable and the eoonomlcal
one from lhe general pomt of view. ' o ' s
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- 1) lis process is refatively simple and h'rgh-so, removal efficiency can be obtained.
2) _Ooe'ratiOn is stable and the facilities can withstand severe load changes.
3) | Long continuotis operanon is possable 4 ‘
4) Lime, the absorber, Is found in abundance and costs fow.
5)_" :Gypsum which is a collected by- product can be sold as raw material of cement gypsum
boafds _etc, and can be stored relatweiy easily without environment pollution.
- 8) - Secondary énviron_mental pollutants are not generated.
7)  Safe chemicals and chemical matter are used.

Beoauéé of th'e ébbve'menu‘oned advantages the lime - gybsum method is widely employed
' 'ab'road lt |s consrdered that this process is the most advantageous selection in circumstances

* where linie can be oblained easty.

: : - Gass gag heater S m T . Cenmﬁiga]
FRE . . L 1 . . m-ratﬂf.

NN A R
Tosxmxamr breatrient : Q“’f flow: i
| o

Figure 8.2 : $Schematic flow diagram of a JBR method desulfurization facillity
3) Simple Fitie Gas Desulfurization

" Though wet type lirﬁ'é gypsurn .rh'e'lhod flue gas déouifurizalion féci!ities have the advantageous
-~ characteristics mentioned above |ts oonstrun:taon oost is expenswe Therefore research and
| 'developmenl of ﬂue gas desu!funzahon facilties are bemg carried out now almlng at wide use of
' ﬂue gas desulfunzat.on faciliies in the ‘world by cuttmg down expenses sharply by simplifying
’Tac:lrtues and processes as ‘much as possrble Generally, reduction of conslruction cost of
'racmtles is achleved with the nems shown in Table 8.2. in addition, consideration of the user
7 side is imporant. | o | |
R In order that the s|mp1e desulfunzat:on process will be introduced i in facilities in various countries,
Litis expected that cost will be cut down to around 115 - 1/3 of that of the present lime - gypsum
i - method. Although it can not be forecasled at the present time whether or not it will be possible,
deveIopmenl is being promoted now to satisfy stich needs.
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Table 8.2 Measures to Cut Down Constriction Gost of Flue Gas Desulfurization Facilities

ltem

'_ Deeoriotio_n

“User Side's Consideration -

Decrease of engineering time

will not be conducted each

New planning and designing

time.

Usrng ﬂue gas desu!funzatlon
facilities with standard .

- | airangement, standard -

capacity and standard
specifications

Miniaturization of devices/
| machines comprising
facilities

Deletion of design Surplus,
Development of new design

i Lowering the - demanded lavel

of desulfurization rate within
the range where no malters
won't occur in view of
environmental preservatron

Examinalron of matenals of
devices/machines

Conversion from hlgh—greo'e'
matérials to low- prroed
materials

_ ' Suppomng with a regular
mamtenanoe plan

Simplification of processes

Developmenl of process where
some of constituent
devices/machines/facitities are
omrttedf integrated :

Towering dejmarioed levels of

peripheral matters such as _
quality standards of gypsum.

Omission of some of .
constituent devices / machines

{ facitiies by simplifying the

conlrol method

L Adopting 2 minimum automalic
-1 contrel process required

(4) Operation and Maiftenance Technologies

1) Operation

In many cases, operation of flue gas desulfurization faciliies adopted in Jepanese thermal electric

power plants is operated autornatically wilh instrurnentation oohlr‘ol systems. -

However, srnce full

L dyran

automation from starting to stopping is drfﬁcuil from the vrewpoml of safety and economy, facilitios

are left to operators judgemenl and operatlon
educate operators so that they can oope with exactly whatever krnds of events occur

~ Therefore, it is the most |mponant pomi to

Some of

makers of flue gas desuifunzatron facr!rtres have deve!oped teachrng materials for educ.atron and

computer software for operation supportmg systems whrch help judgement Itis one way touse -
_ them. As the aiarm may sound dunng normal operataon operators need to judge the situation

and take necessary actions. ' : :

Though Japanese flue gas desuifunzalron facdmes had many troub!es in lhe eariy s!age the -

number of troubles is small now as a result of pH oontroi and regutar ma_r_n,tenan‘_c‘e and Inepectron.

é) Mzintenance
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_ For flue gas desulfurization facilities adopted in thermal electric power plants in Japan, as the
minimum cbndition is capability of cohtinuous operation for 1 - 2 years, reliability of long
conlmuous opera!ron is emphaSIzed upon de&gning Howaver, the point to see is importance of
inspection al the time of regu!ar inspecllon and overhaul of facmues by repalr work. It is
smpoﬂant to estabhsh a masntenance sys!em with a special orgamzatlon formed, including supply
of spares, unde_rstand:ng of problems and structures of each kind of facilities, establishment of a
cdoperation system with 'makers_conberned . prepé ration of re_guiar inspection manuat and solution
of troublas during norroal opér'a"ti'én Itis also neCésséry to instal an iso!'ation dumper capable of
shuttmg gas oul completely in the gas system cons:denng that peopre go inside the facilities for
inspection/maintenance in case operation stops for an accident or one syslem is separated.

() Construction Cost and Maintenance Cost

In the case of mstal!atron of wet {ype lime - gypsum method ﬂue gas desulfurization facilities,
'conslru;:tron cosl is as high as ¥1 5,000 ¥7,000/kW in Japan. ' For example for facilities to be
bﬂiit ina power p!an't of 500’MW. sequired construction cost ranges from 3.5 billion yen to 7.5
billion yen.  If simple desuifurization process where SO, removal efficiency is lowered a little is
employed. oonslrucﬁon -and___Operalion ¢osts will be able to be reduced. Maintenance cost
depends on the c¢oncept of designs. - if due consideration of technical subjects is given to design
and reliable pasts are used, maintenance cost will be low. - Though there is no typical figure,
annual direct maintenance cost excluding of labor cost of & maintenance team is around 2% of
construction cost.

(6) Tendency of Future Téchnologies:

Lime - gypsum method flue gas desulfurization process has a history of about 25 years, and is a
completed process which can be used practically in full. However, controlling situation
surrounding power plants is éeve‘re. and there Is possibility of further improvement of disulfuring
- capacity and introduction of tebhnology to eliminate drainage (non-draining).
On the other'h_a'nd. in order to spread flue gas desulfurization processes in the world and o
protéct global envirbhmeht,_ éir_np!e flue gas desulfurization processes where construction cost is
cut off sharply have been 'already established. Table 8.3 shows noleworthy fiue gas
a 'desulfunzatzon technlque other than lime - gypsum method flue gas desulfurization.
" For the electronic beam melhod among them, Japanese eleclric power compary has developed
 facilities of 225MW jointly w:th an engmeenng and construction contractor and tests are now
' betng carried out. Although the seawater desulfunzat:on melhod is not used in Japan because
of Iow desulfunzahon efﬁcsency. there are. examptes in Norway, Indsa elc.
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Table 8.3 - Tendency toward the Future of Flue Gas Desulfurization Technigue
Nameelc. - - ~ Description " Problems etc.
Method to convert NO, and SO; lo mixturoof - | Though - by-producls can
Electric ammoniurn nitrate and sulfate by irradiating flue - | be used as manure, they
beam method | gas with electric beam under the existence of | are subject to sales routes
© | ammonia and then activating NO, and SO, and market size.
Because temperature of gas doesn't fall much, ' :
there are advantages such as no cost of re-
heating and no drainage. :
Itis said that construction and operation costs of
this method can comprehensively compete with
’ those of the nrne gypsum méthod.
Seawater Method to disulfurize by Ca/Mg conlained in | Assessrment regarding sea
désulfurization | seawater. Used seawaler  is  {reated " and | poliution. _ _
méethod discharged. As a large quantity of seawater is

required, i is necessary that a power plant is
adjacent lo the seashore.

8.1.2 Measures against Nitrogen oxides

As measures for reduction of nitrogen oxides, there are three methods; fuel méasures, combustion

improverent and installation of fiue gas denitrification faciiities.

(1) Implementation of Fuél Measures

This is a measure to restrain 'lhe amount of nitrogen oxides emifted from thermal power plants by
using light gas oils (naphtha and NGL), LNG etc. with a small amount of nitrogen as a fuel.

{2) Combustion Improvement

As to thermal NO,, the higher combustion temperature inside a furnace is, also the higher Q,

concentration is , and the Ionger rétention time in high temperature is, the more No, is generated

So the quantity of NO, generation can be reslrained by reduc:ng 0, concentrataon in combustnon

gas by restraining excess air. -

Measures for restraint of NO, emission by means: of oombusbon mprovement mdude the Iow

excess-alr combustlon method, the two stage combustion’ method the exhaustedgas midure

-method and the process employing a low NO, burner.

1) Two-Stage Combustion Method -
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- Two-stage combustion procéss is a method based on the following procedures: 1) the supply of
ale to the lower part of a furnace is restrained for combustion in reduction atmosphere, 2)
SUbséque'ntly the insufficient ai‘ﬂou‘ht of air is added from the upper part of the furnace, and as a

“result volume of NO, generated by combustion s reslrained. Though this method is effective
particutaily for coal combuistion, observation and cafre are require_d because the combustion is
likely to be unslable, and {here are tendencies that the unburned combustibles in ash increase
and more dust Is generated.
There i$ another measure which takes one more slep forward.  n this method fuel is blown into
. the upper part of flames combusting in furnace, in order to be buined in reduction atmosphere and
reduce NO, generation., and then further air Is blown into fmace to make complete combustion.
With ihis process, NO, can be rédu’ced by around 50%. {it'is ¢alled Furnace Denitrification,
Thice-Stage Combustion of Re-burning process.)
However, as a little higher height of a furnace is required, it is difficuit to apply this method for
existing furnaces. '

2) Flue Gas Recirculation

The flue gas féciréulatio’n prode'ss'is a meth&ci to reduce NO, by returning a part of flue gas at
around 350 to 400°C to the vicinity of a burner and mixing it with combuslion air so as to lower
combustion temperature and 0, oonce_nlranon dunng burning.

Too much volume of recirculated fiue gés is effective for reduction of NO,. However, as the
more volume of recirculated flue gas exists, the poor'ér combustion occurs, it is considered that

the limit of the volume of recirculatied fiue gas is 20 - 30 % of that of combusticn air.
3) Low-NO, Burner -

Low-NO, burner has the structure to promole burning under the optimum conditions by forming
 the combusting area with concentiated fuel and that with lean fuel in the burner part so as to make

premiied c'drhbdétiori and'ckiiffuséa combustion in each burner. With this struclure, generation of

NOy is reduced by Iowenng combustion temperature and oxygen concentration in the burner part
* and shortemng the retention time of combustlon gas.

) Measures for Reductlon of NO by Means “of Combination of Combust:on Improvement

‘measures
It is possible to further  reduce 'emii'ssiohfof NO, with synergetic effect of combination of

© combustion improvement measures. In many cases in small-sized facilities, NO, is decreased
by 20 - 40 % by changing fuel from heavy oil to kerosene or by using low NO, burnérs.  In the

A8.7



large sized facilities, NO, is decreased by up to around 60 - 70% by comblning low NO, burners,
two slage combustion, flue gas recircutation ete. NO, at an exit ofa burner Is decreased to 150 -
300ppm in the case of a coal bumer, and to 80 - 200ppm, 60 - 100ppm and 40 - 80ppm in the
cases of heavy oil, kerosene and gas respectively. - NO, emission standards can bé generally
cleared with these combustion improvements.  However, in Japan, ‘as emission is regulated
severely. with the local regulations and agreements, various kinds of more desuifurization
measures {o dispose of fiue gas is necessary.

Meastires for reduce NQ, by means of conibustion improvement are as shown In Figure 8.3 and
Table 8.4. el

- Low-NOxburmer - Fuelpump

Figure 8.3 Measures for reduce NO, by Combustion Iprovenient

Table 8.4 Reduction of NO, by Combustion Improvement (#070} .~
 (Unit: NO, ppm)

Fuel . i} _.Coal : "Hea\(yéil |- Kerosene | Gas
Ni%) " 07~3 | -01~05 _0~03 0

__Converted value™ | .6 | . 4 |1 4 5

o Standard combustion. . | 550~800 .} . 400~500 -350~450 | '300~400
Excess air 600~900 | . 500~8600 -} -400~800 | 350~450
@ Low oxygen combuslion . 450--650 300~400 |- 250~350 -200'&300;

_ @ @+ Two slage combustion . | 300~500 . | 200~300 150~250 | 150~200
@ [ B+ Flue gasrecirculation | 350~550 - | 200--300 | 150~250 | 150~200
® | @+ Flue gas recirculation 200~400 { 200~300 | 100~150 | 80~120
® [ ®+LowNO,bumer. [ 150~300 |  80~200 | 60~1700 | 40~80
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(3) Implementation of Facility Measures

As a measure to remove NO, by disposing of flue gas, there is a fiue gas denitrification process.
As the reactivity with absorbing solution is low because the large portion of nitrogen In flue gas
exists as NO, the dry process is exclusively used.

in the dry broc_e's's, amethod to reduce NOx to N is employed.  Ammonia is generally used s a
reducing agent which reacts selectively with NO,.

Various kinds of main dry m‘ethod flue gas denitrification process are shown in Table 8.5.

Table 8.5 Kind of flue gas denitrification process

. Drymethed . . ' . Wet method

'+ Selective catalytic reduction process + Gas-phase oxidation absorption process
« Non-selective catalytic reduction process _+ Liquid-phase oxidation absorption process

- Non-caltalytic reduction process | - Complex-salt-generating absorption process
« Catalytic cracking process '

« Absorption precess )

- Adsorption process - _

* Electron beam lrraduatuon process

1) Denitrification Process

Denitrification processes ¢an.be classified into two methods, according 1o instaliation places of

denitrification reactor, s follows :
@ High—Dust Denitrification Process

Thisisa process wheére flue gas from boiler is mlroduced directly to denitrification facmtles and
then dust is removed by an Eiectrostahc Precaplta!or in the rear stream,
s general 1o adopt thls process for boﬂers usmg such fuel as LNG, heavy or crude oil.

@ Low-Dust Denitrification Process

This is a process to denitrify after dust removal. The Eleclrostatic Precipitator is installed in the

upper str_eém of denitrification facilities. it is sometimes used for denitrification of gas containing

a farge amount of Soy and dust. :

- Asfor 'both'_prosesses', denitrification facilities do not put any reslrction.  Either system should be
| ‘determined upon a practical plant plan, with comprehensive examination.
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-2) Denitrification Catalyzer

@ Requited conditions for denitrification catalyzer :

1 High denit'rifying capacity in the temperéture_ range wheré it Is used
2. Feéw side reaction such as conversion from SO, 10 S0y

3. Sufficient durability

4. Sufficient’ rnechamcal strength and heat resistance

5. Abraslon reslstance in the case of flue gas conlainlng dust fikely to caiise abrasaon

As calalyzers which satisfy these condatuons several kinds of catalyzers are put to practical use

now. For maln ones, porous ceramic such as titan dnd aluminum i is used as acarrier, {o whlch

several kinds of metal oxide compounds elc. are given as an aclive component

@ Seié¢ti0n'of 'D_enitri'fy_ing Cata!y;eis

Catalyzers are required to have capabﬂmes according to propemes of ﬂue gas..

In case of clean gas exhausted, using LNG as a fuel, calalyzers onry wnth heal reslstance shou!d
be serected because flue gas doesn't contain dust and SO, wh:ch causes detenoratzon '

For dlﬂy gas exhausted using heavyfcrude oif or coal as a fue), as flue gas contains dust and SO,

it is necessary to consider how to dispose of them. _
Table 8.6 shows variely of boiler fuel and points to be duiy considered for selection of catalyzers.

Figure 8.4 shows the énfire arrangement plan mcludmg denitrification facmhes by catalytic

reduction of nitric oxide with ammonia.

Table 8.6 Variety of Boliler Fuet and Points to be duly COhsidered for Selection of Catalyzers

' .Con siderations

Kind of Fual T
Gas ngh activity, heat-reSIslance S
Héévlerude Oil - | High actwnty heat—remstance resnslance to suffenng from
_ _ -} dust poison, 8O, resmtance Low SO; COnversion rate -
Coal Low-Dust Denitrification Dltto

High-Dust Denitrification |

Ditto, abras:on ressstance _
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Figure 8.4 The Entire Anra'ng'e'ment Plan including Denitrification Facilities by Catalytic
Reduction of NO, with amuionia

" 3) Construction Cosi of Denitrification Facilities

Construction cost of denitirification facilities largely differs according to types of fuel and
_ demanded performances.
For example, cost of denitrification facilities with the 0.8 - 1.0 of ammonia injection mol ratio and
~ the 80 % of denitrif éation rate is roiJgth estimated as follows: |
Bo;rer bumlng heavy!crude oil : ¥4 000 5 Oooka
Boﬂer burnmg coal : ¥6 OOO 7. OOOIkW
.The cost of a storage tank amounts to the large part of facilities cost of an ammonia injector
necessary for denitrification facitities. Facmttes cost of the facilities is ¥4,000 - 5000fank
 capacity (m®). |
- Alof above- mentsoned facililies costs exclude foundation work cost.
For referenoe an example of cost of demtrer cation facilities for electric power generation (on

' 1981) is shown in Tab!e 8.7.
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Table 8.7 Example of Cost of Denitrification Facilities

Mohod | Faciiosocsl | - Oparefonoost | Eficen- | DAcubyof | Rengeof Use Difoyof
_ thousand yen/m7H - : - -
Condtion | thausand yen/ | D NO, concenirefion % | gesvome fBcites - Difficuly
| mH | @ operatonato | M recved Average!
| ®Costetchenicas . Easy
Ammona 03-28 SR _ ~Boler
caafic 06-70 | @604000pm CUnder | Avorage | 70000 | -Gastutie Avrage
recducion @ 70% ulizafiontactr |90 ~3mlion” | -Dieset ,
rO0ess @¥e0000n : | -Gabagefumace
: -Heofing fumace .
Amnonia 208 : | - Gabage fumace
Pon- 207 | @i00450ppm | Under | ‘Easy | 570000 | Heangfmacein |  Easy
calolic @70%uizziontxior | 40 . ~imion | chesmica plnis
process

8.1.3 Measures for Control of Soot and Dust Emissions

( 1) Implementation of Fuel Measu_res én_d Qperational Me_a_su'res
Unburned carbon is generated in case of mono fuel combustion of heavylerude oil and fly ash in
case of coal combustion. As for measures against scot and dust emissions, there are two
approaches; 1) Fuel measures that decrease generation of dust by using high quality fuel and 2)
Operational measures thal restrain dust by improving combustion contrql.

(2) Implementation of Facility Measures
There are also so0l and dust emissions removi ng'p:rbcesses dsi'hg_ graVitat'iorjiél foree, inertia force,
electric force, etc. Various kinds of these facilities which adopt such force for dust coflection are
shownin Table 8.8. B

1) Kinds and features 'of dust coilectors’lprecipitatdrs

Kinds and features of each collectorfprecipitator are shown in Table 89,

A8:12 |




Tablo 8.8 Classification of dust COileéting facilities by dust collecting action force

: Gravi- Inertial | Centri- Thermo- 't.}iﬁu- Elect- | Sonic
Name tational ] force | fugal dynamic | sion | ric force
" o force . . .| force force force force
Gravitational dust collector O o .
Inertial gust separafor O e O
Centrifugal dust collector (@) O @) A
Scrubbing dust coltector O © A O A
Filter dust separatof QO © O A
Electrostatic préecipitator O O , O @
Sonic precipitator O O ©

Note: Marks © and O show cofleéting action force mainly acls, and mark A shows action force

required for aggregation effect.

2) Sumrary and features of main collectors/precipitators

@ Centrifugal dust collector

The fé_ciiities turn gas, and separate and coflect particles in gas by centrifugal force acted on
paﬁic!és‘ﬁ Cyclone'(cydon_e separator) is the typical centrifugal dust collector.
a. There is'ahother method to Use several same cyclones in series arrangement.  However,

pressure loss is increased with this method, while further improvement of collection efficiency

is not expected.

b. Small cyciones in parallel anangemeht is called muliicyclone. Gas flow rate is 10 to 25m/s.

" Figure 8_._5 itustrales one example of the multicyclone. |

Q, Ci=> Header

" Reomfrentry | Lo

Wind vage e swid |- Pressure

T flue gas swirl | distriution

 Fooswimduste 8 R
easlyadhareto . " Bock fow

: Dmﬂ'qxi‘-r—

"Figure 8.5 Axial-flow reaction type multicyclone
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@ Filter dust separator -

There are two types of filter dust separator. One is the bag filter type which employs surface
filtration method thaf separates and collects dust on the surface of fe!ativeiy thin filter cloth, ang
the other Is the packed bed filter type which employs internal filtration method that separales and
collects dust inside of the filter bed with filter medium. The bag filter type is more popular as filter

dust separator.
Advantages and disadvantages of filter dust separator are shown in Table 8.10.

Table 8.10 Advantages and disadvantages of filter dust separator

Advantages | *Enables to coliect submicron particles in high efficiency.
*Not influenced by eleclric resistance of dust.
"F luctuation of temperalure at outlet is less affected by that at mlet

*Pressure loss is high.

*mproper for gas processing at dew point or less.

Disadvantages | *Improper for hygroscopic dust and high adhesive dust,

*Not suitable for high temperature gas processing because of its material.
*Regutar replacement of filter cloth is required.{every 2 to 3 years)

*Even one part of breakage at filter cloth causes farge decrease in collection

efficlency.

@ Electrostatic precipitator (EP)

" EP charges dust parlicles in gas by corona dischatge o collect them. EP is adopted mostly to
the boiler for electric power generation, because 1)EP is less affected by properties of gas and -
“dust, 2)th_e pressure loss is low, 3)collects fine parlicles easily, and 4Jenables to collect dust in

high efficiency.
a. Principle of coliection

* For electrostatic prec:ip:tahon severa! forces such as electric force, diffusion force, inertia force,
_' .grawtatnonal force etc are ubhzed as col!ectmg actton force, but the main one is electric force.
) As shown in Figure 8.6, in general the dlscharge e!ectrode of core wire is negative eiectrode and
" the collecting electrode of fiat prale is positive electrode. High tension direct current power
supply is appiled_ to.charg:ng. As electric field strength is risen, gas around the discharge
electrode is lccé!ry broken and corona discharge is occurred, which generate negative corona and
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forms large quantity of nggative ion _ _

Negative ion and free efectron move to the collecting electrode. “If gas including dust is blown
into here at this moment , particles in gas are charded in a flash. - The charged parlicles are

moved by Cou!omb force (eleclnc force) to the coltecting electrode, and separated and collected.

“The collected partscles on the collecting electrode are peeled off!remove_d by hammering impact,
efc. -

b. Structure of EP

" As shown in Figure 8.7, EP is: composed of the apparatus below.
¢ Discharge electrode which discha'rg'es corona.
Coliecllng elécirode which collects charged pamc!es
Direct current high voltage generator
Hammenng apparalus for peelmg off dust adhered to the collecting eleclrode
Ash handllng system whlch delivers collected dust.

) DC'“%‘,,‘,"W (-

|| Feligdonby Binmcringrngect
Figure 88 Principle of electrostatic precipitation

3) The latest electrostalic precipitator
The largest probtem of dust removal in coal bm'er is to overoome back ionizauon phenomenon
that is, to mamtaln and mraprove oo!lechng performance agamst highoresistanl dust As

mentioned i in the prewous uem EP for hrgh res!s!ant dust a!ready had been deve!oped and used
practically.
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Figure 8.7 Structure of EP

@D New charging type EP

_ltis necessary to turn down ¢urrent to restrain back lonization in the normal direct current charging
rhetho_d. so applied voltage must bé_ ;iropbed for operation. As Qoltage is dropped, slectric field

. strength in the precipitation space is also dropped. It causes depression of dust charging activity
by non-uniformity of corona _cui’f'éni"fr‘om' the discharge _éiecttbdé, as well as lowering of dust
collecting efficiency, 'a'ndr fuﬁher de_leridratidn_'of £P performance. However, short-time application
of high voltage to the diScharée:_e!eéuddé in puise slate makes uniform distribution of corona
cusrent from the discharge electiode. . In addition, changing crest value (voltage), amplitude, and
frequency of applied pulse permits to obtain higher peak voltage than that at direct current
charging. Therefore, improvement of dust coflecting berfdrtﬂa.nge’ is permitied.

@ Wettype EP -

Wet type EP has beéen used as the industrial dust separator for a long time. Among various flue
gas treatment systems for electric power plant, which are required higher performance, wet type
EPis 'the_ most suitable to coliect dust and mist at outiet of wet type desulfurizer.
The bésic‘s_lrﬂctufé'of wet type EP s the same as that of dry type except that spraying water
through spray nozzle from upper part of the collecting electrode and flowing down the collected
dust constantly with liquid film. Wet type EP permits high flow rate of gas in EP and compact
system in size, because it is never affected by electric resistance of dust and free from re-litter.
 However, it requires not only large quantity of water and slurry treatment process for coliected dust
" butalso lowering of gas temperalire Up to saturation temperature.

" @ High temperalure EP and low temperature EP
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Adoption of high temperature EP starled in the United States in 1970's for coal thefmal power

plant. ~ Since high 'ten'ipe'rature__E'? collects dust at the high temperature range (320 to 380°C)

where electrical resistivity of dust drops, it can collect éven dust which could not be collected by

conventional EP. However, the. fo!!owmg pomts must be considered for adoption; 1}quant|ty of

processing gas increases because of the high temperature range, 2)thé structure should resist

high temperature, and 3)heal loss should be prevented.

Low lemperalure EP coﬁects dusl at lower temperature’ range (90 to 100°C) than that of

“conventional EP, opposite to high lemperature EP Volume of processing gas is smali because
- of the low temperature range, and the system is compact in size.

Structures of both EP's are the same as that of conventional EP.

4) Advantages and disadvantages of electrostatic precipitator

Advantages and disadvantages of electrostatic precipitator are shown in Table 8.44.

Tab!e 841 Advantages and disadvantages of electrostatlc preclpitator

_*Swtable for gas processmg m Iarge ca pacrty _

_ *Enables lo collect submicron particles in hsgh echuency

Advantages | *Has excellent durability, and maintenance is simple and also its cost is fow.
' *Parmnits processing of high temperature gas. _

*Has also wel type and it enables 10 collect mist.

‘Relatively resists ﬂuctuatlon of operating condition. -

*Costs for chargmg facmly oonlrol system etc are h'gh -

Disdvantages | *Collection efficiency is affected by p ; of dust, and it is lowered at 10 Tog cm orF
: less:and 10" @ - cm or higher.

*System is large in size.

*High manufacturing accuracy is required.

5) Cost of dust collector

Cost of dust collector largely differs in .a'cco_rdanCe with the types. . In addition, it also depends on
kind d'f dust generating source, required collection efficiency, and system size.

- (D Construction cost
As for construction cost per gas flow rate Nm */h, approximately ¥300 1o ¥2200 for centrifugal dust

collector, ¥300 to ¥2100 for filter dust separator and ¥400 to ¥4400 for eletrostatic prec:pitator _'
The construction cost largely daffers depending on speuf cann of addauona! facmty and range of o
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estimation.

@ Annual operation cost

As for difficulties oLoperalio__n_a-nd maintenance, centrifugal dust coflector and electrostatic

precipitator are ranked easy, and filter dust separator is ranked normal.  In the case that annual

" opetation time is 6100 hours and cost of eleclric power is ¥14/kwh, annual operation cost per
Am N/ of gas flow ralé is ¥1001o ¥1000 for centrifugal dust collector, ¥300 to ¥{100 for filter dust
s‘eparato_r, and ¥100 to ¥1000 f_or electrostatic precipitator.

“The higher fequired collection 'é'fﬁci'ency Is, the higher ahnual operation cost is, in any type.

Table 8.12 - Costs of diist collectors

_ Const- - Difficulty
Faciii- Type ruction | Annual | Effi- | Difficulty of | Application of Remarks
ties cost cost cien | Operation Range Mainte-
' oy nance
¥1,000y
“earf % . .
¥1.000 | Nr'/h Difficult Gas Difficult | Sizeof | Pressure
fNm'n | Condbions Average Volume | Average | subiected | loss
@m Easy NTRIR ‘Easy particle mmH.0
b 0% '
(6100 g m
@Costef
¥4/R00 ]
Centrifuga | 0.3~ | 0.1~1.0 | 50~ Easy 580,000~ Easy 100~3 50~ 150
Dust ¢ 22 : g9 3,000
Collee- | _force & .. - SRS
tor Fitration } 0.3~ | 0.3~1.1 | 93~ | Average | 2400000~ | Average | 20~0.1 | 100~200
. 2.9 99.9 . 3,000
Elecro- | 04~ | 0.1~1.0 | 50~ Easy 2,160,000~ Easy 20~0.05 10~20
stalic 4.4 99.9 18,000 . .

8.1.4 !mplementation of Litter Control Measures for particulate

In case that coat is used as a fuel, litter contro! measures for particulate are required, at

at:ceplance and disposal of coal and in coal yard, and also litter of coal ash at transportation.

* (4) Litter control measures for particutate at acceplance add disposal of coal

" There are _melhOds to prevent litter of particulate by installing water spray system, closing coal

- conveyof, elc.

. (2) Litter conlrol measures for particulate in coal yard
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There are methods to prevent litter of particulate to the surrounding area by mstaillng waler spray
~ system, nel and fence o cut-off wind, windbreak, etc.

8.1.5 Implementation of Measures for high-efficiency electric power plant in whole -

Measures such as improvement of heat efficiency in the electric power plant and reduction of
electric power insldé of the plant effectively promote to 'reduce volume of air pollutants emission.
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'Appendix 8- 3.
NOTES ON MANAGEMFNT OF AMBIENT AIR MONITORING STATIONS

Thrs is prepared to recommend rtems notable for mamtenance and_inspection of '_
ambient air monitoring stations, in ordér lo obtain rel:able 30‘:0!'3@ data for a bonger
penod

1. Inspection and Maintenance {l & M)

' There are two scheduled 1 & M works. The Frequent Work is to check, confirm, clean,
etc. to keep niormal continuous operation. The Seasonal Work is to avoid mal-functioning
by changmg detenora{ed paris. Tables 1A and 1B are composed {o indicate the mspectron‘
and maintenance items with frequencnes Indwrdual |lems ‘must be referred to the
fespective manuals supplied by the manufacturers.

The Overhaul Maintenance IS recommendable when encountenng excess penod of
missing data, or when it is judged d:fﬂcu!t to keep accuracy by ordrnary malntenance even
if appropriate mamtenance |s performed An ana!yzer will detenorate by aging of its parts.
As a rule of thumb, once in three (o five years of an overhaul may be needed. The
Emergency Work is to give quick and temporary repairs to abnormal oF broken parts of the
instrumenl Usual maintenance people in the poWer'p!aht can not canry but the overhaul or
heavy repair work of SO,, NOx, and span gas generators It shali be asked for servrces'
from the agents in Brazil, ' B '

' All the action taken and numerals checked and confirmed should be recorded in the
ledger. | ' : ' '

2. Performance Test

Automated analyzers shall be tested for their performarice to know capability,
individual character, and reliability. Timing and test items are as folloWs: '

{a) Tlmmg of Performance Test
© - After repairing a damage which may affect aocuracy
- After dverhaul mamtenance '
(b) ltems of Performance Test
- Zero and span drifts
- - Repeatability
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‘Table 1A Frequent | & M Work

- Instrument -

Frequency

Descnptton

SO, Analyzer
NOx Analyzer

Once a week

11 Re\new the previous inspection report.

2. Check conformity of the indicated daia with the one of]
the peni recorder, and check if the data is stored.

3. Confirm the sufficiency of remaining recording paper.

4. Confirm the correciness of the indicated time.

5. Check any abnormality in pump sounds.

6. Check any abnormality of sampling lines.

7. Confirm whether an alarm is signaled.

. Data Logger
Recorder

Once a forinight

'|7. Confirm various analogue data:

“|1. Change a sampling filter.
2. Check pressure of the standard gas cylinders.
3. Check whether silica gel is still usable.
" |4. Replace charcoal when silica ge! is replaced
5. Calibrate zero and span ranges -
6. Chieck the correction faclors of the 0 and span ranges.

S0, Analyzer _
a sample flow rate, a lamp vollage a cell pressure,
" a cell temperature
NOx Analyzer
- asample low rate, a detective cell pressure

|Net:
Pyrradiomeler

“IOnce a forinight

1. Check whether there is no broken poly-dome
2. Cléan a poly-domie - ‘

. {Rain sampler

Once a fortnight

1. Confirm mobility of a lid

2. Clean a rain sensor

Table 18- Seasonal Work

-~ Instriiment .-

' Frequéncy

"Parts to be Replaced

S0, Analyzer

|Once a year

|3. Catalyst _

_|2. A diaphragm valve of a pump
3. An air filter for purge

4, A Bolston Fifter

'15. A-Xenon lamp

16, A HC cutter

7. Silica gel

Once in 2 years

11, Pump

e NOxAnaIyz'er_

Once a year

1. Catalyst

2. A diaphragm valve of a pump

'13. Catalyst of An ozone decomposer
4. An air fitter

5. An UV fitter

6. A PPD capiilary

' Once sn 2 yeare '

1. A pump unit

Once in 3 years

_[1.:An electro-magnetic valve

" tSarnpling

Once a year

1. Teflon pipes and a funnel

Systent .
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3. Costs of Spare and Consumable Parts

For your budgetery' p'ureese, cosls of spare and consumable parts for one year operation in
one station are as foliows in Japan (1997, US $ 1= ¥ 120):

SO, Analyzer . © U$$3.000
8$0; and NOx Analyzers "US $6,000

For exact estlmatlon you should ask quotatlon from the agents. The specuf catlons and
requuements of the paits are glven in tne JICA Equ:pmenl Lists.- o

4. Calibration of Scale

~ Calibrate the scale in order to keep normal and accurate performance of an analyzer.

" The known concentration sample paeees'th'ro'ugh'the sensor for the calibration. The scale '_

is calibrated at zero, and span (around 90% point of the maximum range), assumlng the

calibration curve |s stra:ght I order to check the straighfness of the cuive, four of five
points will be used for cahbratlon in full range R

5. Life of Automated Analyzer

A period of seven to len years is the best enlicipated life of an analyzer, even if
appropriate maintenance is performed. An analyzer will deteriorate by aging of its parts.

6. Stock of Monitored Data

Monitored data should be kept at teast for five years. The data may need to be
reviewed or confirmed later.

7. Spare Unit
To avoid long period of data m;ssmg by overhaul break down, or else, or to double
check the data when abnormahty is resulted a spare unit is recommendable to be kept in
store. Especially imported units may need to repair for Ionger if it cennot be fixed

domestically.

8. Safety Precaution at Monitoring Stations .
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- The standard gases are stored in high pfes'sUred cylinders which have o be handled
carefully. it Is betler to establish-a safety precaution plan as the standard procedure
observing related laws, 'reg:dTation's',- or decrees. As some of the gases are poisonous,
ventilation of the station with fresh air Is recomniendable during calibration, not so as to
inhale the gases. ’ ' '

While replacing parts, turﬁ off the main switch of the analyzer in order to avoid an
electric shock. '

' 9, Organization for 1 & M

In order to géhetaté_ reliable, accurate a’nd ‘steady data for a longer period and to use
the data effectively and timely, an organization in charge of a) field work of | & M, b) data
management, and ¢) overall management of the monitoring stations shall be established in
each power plént. The r'ole_é b) and ¢) may be ﬁe'rfo'rhiéd by the same person such as a
laboratory manager or an engineering manager of the plant. . '

“The role a) is usually played by laboratory technicians. The frequent | & M {once a
week or a fortnight) can be carried out within one day for three stations. The seasonatl work
may need one day for one station.

" 10. Training of Technicians’

It is recommendable to prepare a complete and concrete set of operation, inspection,
maintenance, and data management manuais in the own languiage. The set is mandatory
to educate or train newly recruited personnel for the puipose. OJT by the already trained
engineer will be enough for 'the time being. However, if the chain of such technology
transfer becomes longes, the technologies or know-how will be distorted.
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Appendix 8-4 Maintenance of Contlnuous Stack Gas Menitoring Analyzers
' (except dust anaiyzers)

- Typeof-- | - De’scriptibn of Execulion . |- Frequency of
Inspection . | - | tnspection ete. -
_ Reptaoement of the followmg pafts elc. e :
1. Recording part
2. Head of a pen for pen writing
- b.Reeled
¢. Inkpad
. d. lnK tube
2. Sample flowpart
3. Flow meter (calibration)
b. Pump inner valve, d:aphragm
., |- c. Sample piping :
o 3 Programmer part
- a;Back-up battery
_._b. Surge absorber
4. Péripherat part
a. Sample lead-in pipe oo -
Emergency | 1. Finding and removing trouble . Upon occurrence
| 2. Starting after removal of power stop | of abnormality

Regular once ayear

@ Performanice Test of Automatic Analyzer

A performance test should be carried out to grasp performance mstrumenlal errors and
reliability of measured values of an automatic analyzer. Time of conductlng a performance
test ant test items are as follows: '

a. Time of Conducting Performance Test ’
(a) -When new. automatic analyzer is purchased . L
(b} After repamng any faults to be affect on measunng accuracy.
() After regular inspection or cverhau! is carried out

b. ltems of a Performance Test
(a) Zero drift
(b} Span drift
(¢) Repeatability
(d) - Linearity
(e} Stability of sampling flow rate
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@ Scale Calibration

"“The scate calibration should be regularly carried out to confirm that an analyzer works
. properly and aocurately, as well as to maintain such performance. Dynamic calibration
using the standard gas should be adopted for scale calibration, . Usually, with a calibration
7 cuwe conS|dered as a linear equation, calibration should be carried out at three pomls the
zero polnt the span (a pomt around 80% of the maximum value of a scale of the analyzer)
ancl a middle point of them. In order to conf‘ m Imeartty of the calibration curve, calibration

_ _should be done at four or fi f ve pomls between the zero point and the span, ‘at need.

® Ovefhaisl

' Even if the sufficient mamtenance and mspect:on 13 carried out for an automatic analyzer, as
components are wasted or abraded as operalron time elapses deteruorauon of performance
resulted from such waslefabrasion is not avoidable. Therefore If it is found that mlssmg

“time mcreases remarkabty or that it is dsff cult to maintain measuring accuracy by means of
regular mspect:on only, overhaul should be carried out.

@ Life of Automatic Analyzers
_‘Smce an automat:c analyzer is operated at all times, detenoratlon of components
_ accompanylng use of it, is not avmdable Though performance of an'automatic analyzer is

‘mamtamed by maintenance and inspection, accordmg o comprehenswe judgement from
: frequency of trouble occurrence due to deterioration, its life is generally around 10 years.
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Appendix 8-5 CMB(Chemical Mass Balance) Method
'A8.5.1 Outline of CMB Method

CMB (Chei)xiCal'Mééé Balance ) miethod is a type of receptor mb_'d«f:l or statistical mode!
to estiriate the contributions from sources to ambient SPM concentration. - The sources
‘of SPM are divided into artificial sources and natural ones. The former includes the
different kinds of factories, various types of motor vehicles, etc. The latter includes
soil particles, sea salts particles, and others. - One special feature of SPM i:bfnpbn’enl is
the high contribution by natural sources and i1 is therefore very ditficult to establlsh a
oompletely physwal model for eshmatmg SPM due to nalural processes. -Hence, the
CMB method prov;dcs an alternative way to effectwely esumate lhe contnbutlons by
 artificial and natural processes. T

The partlcles are “categorized into pnmary partlclcs and secondary pamclcs The
primary particles are those emitted in particulate form, but the secondary pamcies are
those emitted in gaseous form and then converted to partlculatc t'orm For examplc,

some parts of SO; are convertéd to SO4 and fi naliy to sulfuric acid ofF somc forms of
sulfate, CMB method targets the primary parllcles and the contnbuuons by the
‘secondary parnclcs are estimated from their chemical components CMB melhod
' targcts the primary particles, and the secondary pamcles are dlrccﬂy evalua'ed from the
measurement of ambient SPM

The mathematical formulation of CMB method is explained  as the followings. The
receptor'mo'del for estimating the contributions by "pollutiOn sources is based on the law
of conservation of mass. © For cxample, assuming that (p) numbers of emission scurces
exist and suppose no interaction follows where mass change occurs, SPM concentration
(C) measured at the receptor is obtained by taking the sum of odmribution_é (S;) of each
emission source as in equation (1). :

rd
C- ').J"s ; (M)
Similarly, concentration (C) of component (i) in the SPM is expressed by equation (2).
Here (a;) is the mass fraction of source contribution (j) possessing component (i) at
receplor. o '
C, =%a,S,; o (2)
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Assuming that () numbers of components are analyzed at the sources and receptors,
then an equation is set up for each component. If the number () is greater than or equal
to a nuimber (p), we could obtain the answer by solvmg the set of (p) set of lincar
:equatrons

When the number (n) is greater than (p) a set of accurate. values is oblamed by

minimizing the value (x ) expressed in equation {3).
’ s 2

Here (w;) are the weights according to the extent of errors in measurement.
Equation (4} is the matrix from expression of equation (2). -
C=4S - | | @)
‘Here (C ) is n-dimensional vector of component concenlratron, and (A) i$ n by p maltrix
of mass fraction of sources, and (S) is n-dimensional vector of contributions by sources.

X Generally, the solution by the least squres method is as the followmgs

, S=(awAy* awc | - (5)
iHere (W)is a dragonal matrix with diagonal componenls of w2 'd is transpose of
5malrrx A and X! is inverse matrix of matrix X. Errors of estimations for the source
contrrbuhons depend on the way the weights (w;) are chosen.

_ ?'AS._S.Z' An Example of CMB Method
E (1)’Arialysis of Elemental Composilion

"Here, an example of CMB method to evaluate source contributions wrth chemical
element composrtrons of ambrent SPM and various sources (Ref.71). The chemical
: element composruons of ambrenl SPM and sources used are compiled in Table A8.5.1.

s Arr_ibien't 3SPM s’arﬁples ar_e colleCled during 2 weeks by low volume air samplers for

_each season at 8 representative _s(_étions:iri Osaka prefecture. Osaka prefecture is the
~ ‘second’ populated prefeclure in Japan. The samples are analyzed for 39 chemical -
, ielemenls by Neuiron Achvatron Method, and for elemenial earbon (EC) and orgamc
- carbon (OC) by Thermal Manganese Oxrdatron Method.

Target {sO'urCes were assumed as soil, sea'sall, sleel factory, oil burning facility,
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incineration facility, and diesel vehicle. The chemical compositions of the sources are

“determined from the actual measurement and the literature values.
(2) Selcction of Tracer Elements

Tracer elements which are characteristic for each emission source, must be chosen for
CMB mecihod. Onc indicator for selection is contents in the sources, and content
valucs not less than 1 % are underlined in Table A8.5.1. Another indicator is
“Effective Factor’, and the effective factor (E.F.} is defincd as the following.
E.F.= Xisouece £ Xiambient :
Xicouce: Content of Element (i) in Sources
X ambientt Content of Element (i) in Ambient

The elements with large E.F, for each source are as the followings.

Soil: Hf, Al, S¢, Sm, Th, Ti, Ce
Sea Salt: Cl, Na, Br, I
Steel: Mn, Ni, Cr, Zn, Fe, Pb

Qil Burning: V,Ni

Incineration: Ag, K, Cl, Ce¢, Na, Pb, Rb, Br, Zn

Diesel Vehicle; EC _
Ct and Br were climinated because of possible fractionation in the atmosphere.  Hf, Th,
Ce, Ni, Pb, Ag, Rb were eliminated because of inaccurate contents values in some
sources.
Finally, Na, Al, K, Sc, Ti, V, Cr, Mn, Fe, Zn, Sm, and EC arc selected as the tracer
elements for CMB miethod.

(3) Source Confributions to Ambient SPM
The concentrations of the twelve (12) elements in ambient SPM are input 1o Ci of
equation (2). ~The contents of the twelve elements (12) of eight (8) sources are input 1o

aij. By solving the equation, the contributions from the sources were oblained as in
Table A8.5.2.
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Table A8.5.2 : Sour¢e Contributions to Ambient SPM

Sources Contributions

I B

Seil 8.7:0.8

‘Sea Salt 0.7:0.3

Stéel . 2.1+0.3

Oil Burning | - 1.120.2
Incineration. | © 1.820.4

- | Diesel Vehicle|  9.9:1.8
1~ Unknown 152

~Total U395

Afound G0 % of the contributions were -explained by CMB method, and the
contributions of diesel vehicle and soil particles exceeded 20 %, respectively.
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Appendix 8-6 Specifications of SPM Meter
Fallowing are exam'pl'e specifications of the ambient air SPM monitoring instriiment. Model A
s the product of Horiba which is available through Quimitron Industria, Sac Paulo. Model B is

cited froin a eatalogue of another Japaneée manufacturer named DKK Corporation in Tokyo. -

Examples of Specifications of SPM Meters
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ltems Model A Model B
.Principle R Beta réy ﬁBso_rption Beta ray absorption
Beta _s'm.l:rce HC, sealed HIPM, sealed
' Applicéﬁon SPM, less than 10 . m SPM, less than 16 & m
‘| Range 0-0.25/0.6/1.0/5.0 mg/m? 0-1.0/6.0 mg/m?
Measurement 30 min/1/3/12/24 h 1h
R cycle _
Accuracy ‘+10 gt ar *10% of reading +10 1 gfmdor 3 10% of reading
| Sample ta'.pe Rolled glass fiber | Rolled gla.ss fiber
Sample flow 16.7 liter/min 18 liter/min
Saﬁple pump | in a separated unit included
Ambient 0~40C -10~407C
-| temperature
| Data display On screen Print recorder
Data output Voltaze or mA signal Voltage or mA signal
Power 100/116/230 AVC, 50/60Hz 100 AVC, 50/60Hz
_ Dimensions 430w % 310h X 400 d mm 460w X 1000h X 500d mm
: We.ight _ Approximately 19kg ‘| Approximately 70kg
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