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Appendix 6-3 Setting of Diffusion Parameter

Diffusion parameters can be established with a reasonable adjustment to make
caleulated concentration agreeable with actual values in the air pollution simulation
model, if data of most emission sources in the target area are available, in order to have

good reproducibility of the simulation.

In the Study, other pollutant sources besides the targeted poiwer plant(s) were out of
the scope of work, and no information was tried to obtain. - Typical parameters used

and confirmed in Japan were adopted to simulate the impact from the power plants.

i:% Generally, dir pollution models on environmental impact assessments of power plants

- adopt parameters established by regional simulation conducted by local governments

ete. previously.

Another project has to be originated to allow more detailed calibration. For example,
the question raised at the DF/R meeting for setting up of different parameters for 62

meter stack and 150 meter stack become probable.
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Appe'ndix 7-1 FEmission Parameters under the Future Condition

" Emission Con

ditions

Charqueadas i the Future i .
Dust - | ~ JUNTT-1 JUNIT-2- JUNIT-3 JUNIT-4
Dust Reg. (mg/m3Ny -~ 801 §0 - 80 80
02% (%) - L D 6|
DustReg.  |[(mg/m3Ny  709[. ~ 74.1 65t 603[K=
Actual 02 - |(%) )l 17 XA 8.9 9.7
SOx - . JUNIT-1 JUNIT-2 JUNIT-3 JUNIT-4
SOx Reg. (mg/m3NY - 400] 400 400] 400
02% - (%) 6 6 X 6
SOx Reg. (mgm3Ny 3547 3707 3227} 3013
SOX Reg. (ppm) 1240 1297 129|155 [K=
Actual 02 - k%) 17 7.1 89| . 97
NOx ~JUNIT-1_[UNt1-2 JUNIT-3 JUNIiA4 ]
NOx Rég. {mz/m3N) 400 - 400} 400 400]
02% (%) 6 6 6 6
NOx Reg. (mg/m3NY 3547 3707 32271 3013
ASNO {ppin) 2648 2768| 2409|2250
As NO2 (epm) -~ [ - 1727]  1805] 1573 1467
Aciual 02 - {(%) 13 21 89 9.7
NOx Present  [(ppm) 2007 . 1478 “200.3 1804

T Present Values are used because they are

below regnlations as NO.

ONIT:1 JUNIT-2° JONIT-3 JUNIT-4 [Uniti-4
Capacity MW) 80 180 180 180 720
Electricity | (MW) | . 155 ‘154 14.3 16.1 61.2
GasDry | (m3NM) | $9800.0 |101200.0 | 108200.0 |128550.0 [437750.0
Gas Wet [ (m3N/h) [110450.0 |111850.0 |118100.0 [137850.0 |478250.0

Dust (mg/m3NY 709 74.1 64.5 603

(Kg/h) 7.1 15 7.0 7.7 293
SOx {ppm) 1241] 1297 129 | 1055
(m3N/h) 1241 131 122 136 51.3

NOx (pom) - | - 207.7 147.8 200.3 180.4
_ (3N | 207 15.0 217 232 80.5
Temperaturé | (Cdeg.) 188.0] 1815 179.7 169.5 100.0
Loading Factor ) ~0.858]  0.853 0791 0394 0850
' 62

AT

Wet
Dust
SOx

NOx



Jacitd in the Future

Dust | TJORITX _

Dust Reg. {mg/m3N} 140{at 280 M¥

02 % (%) _ 6 '

Dust Reg. {mg/m3N 140.0 |<=

Actoal 02 (%) 6.0

SOx ~TUNITEX ]
xR mgming—— 1500]

02 % @) 6

SOx Reg. (mg/m3N)Y ~ 1500.0

SOx Reg. fppm)} 5250 |<=

Actoat 02 |(%) 60
[Rox ORI X

NOx Reg. . |imgmaN)] . 680

02 % (%) 6

ROx Reg.—~ [(me/m3ny| 6300

As NXO {ppm) 5077 |€65

As NO2 (ppm) 3341

Actual 02 (5%) - 6.0

A7-2

UNIT-1.

Capacity | (MW} 1 - 3500
Electricity] (MW) 3500
Gas Dry | (m3N/h) { 11301483
Gas Wet | (m3N/h) { 12347080
Dust f(mg/m3Ny 1400
(Keh) | 1582
SOx | .(ppm) | 52501
(m3N/h) 593.3
NOx (ppm) ' 507.7
. F(m3NMm)| 5738
Temperaturf (C.deg.) 100.0
[Leading Factor. *1.000




Candiota in the Future

TUNIT-Al

'_A7-3

Dust o o UNITT-A2 [UNIT-B1 [UNIT-B2 JUNIT-ITT
DustReg. . |(mg/m3N) 80 so| 12040 7000 265.0 |at 280 MW
02% (%) ) 6 122] 123 6
Dust Reg. (mgm3N|  s528| 4371 1,2040] 7000  265.0|<=
Actual 02 (%) R I8! 12.8 12.2 123 6
SOx [UNIT-ATfUNIT-AZ JUNIT-BI JUNIT-B2 JUNTT-1i1
SOx Reg. {mg/m3N) ~400 400] - 21000 2100] 2000
e k@ .| 6 6 S I I
SOx Reg. (mg/m3NY] 2640 2187 12320 121801 2000.0
SOxReg. l(ppm) . 24| 765] D 4312] 4263 700.0 |<=
Actual 02 |(%) i) o128 122 0123 6.0
NOx ~ JUNIT-ATJONIT-AZ JONTT-B1 [UNIT-B2 UNIT-NIE
NOxReg.  [(ng/m3N) 400 4001' 680 680] (ppm) 2594
02% . l@& 6] 8 6 - 6] (%) 123
NOx Reg. (mg/m3N)| 2640 2187] 398971 3944 [(ppm) 447.2 f{ron Unit-B2
As NO Npm) ] - 1921 1633 29791 2945 | (ppm) 4472 |¢=
AsNO2 - [(ppmm) © 12860 1065|1943 1921
Actial02 (%) .1 12.8 ‘122] 123 6.0
NOx Present “(ppm) - | - 182.5] 2006 - 2906 2594] . -
-~ .. {Most of present values belov regilation, L
- _ "JUNIT-A1JUNIT-A2 JUNIT-BI JUNIT-B2 JUNIT all JUNIT-II
Capacily MW) 630] 630 160.0 1600 4460 350
Electricity § (MW) 250 235 81.7 380| 2182 350
Gas Dry - [ (m3N/h) 12470000 [254000.0 |842000.0 |860000.0 | 22030000 1263067
Gas Wer - | (m3N/h) [269000.0 |275000.0 |898000.0 |926000.0 | 23630000 | 1360000
Dusl {mg/m3N)] 528 4371 12040] 7000 265.0
(Kg/h) . 130 FLEE 1013.8]  €02.0F 16399 3347
SOx (ppm) 92.4 765 4312] 4243 700.0
{m3N/h) 228 194 et} 366 7720 884.1
NOx (ppm) 1825 1633 | 2906 2594 447.2
(m3N/h) 451 41.5] 2449 2230] 5543 564.9
Température | (C.deg.) 127.0 105 148.0 158.0 100.0 100
Loading Factor 0397 0373] 0511 0.550] 0489 1.000L
' 11.1 12.8 122 123 150 230}
T Dry/¥el ratio from UNET-B2



Appendix 7-2 Gas Volume and Pollutant Emission under Maximum ILoading

in thé Future

Charqueadas & Jacui

‘Power Plant Charqueadaq ' Jacui
StackCode . | - | 1 2
Connected UNIT - | - Unit 1-4 X =
Electricity Generation | (MWh) 72 350 -
Wet Gas Volune  |(Km®Nm)| 5627 | 12847
Dus't: “(Kgmy. | 345 158.2
SO, m®Nm)| 604 | 5931

NO, @*NMY | - 94,9 5736
Candiota - L
‘Power Plant Candiota | Candiota
:Stack Code | | R IS I 2
Connected UNIT | Unit: | 14 | 5
Electricity Generation | (MWh)-§ - 446 350 -
- Wet Gas Volume . |(Km®N/h)] - 4859.6 - | 1360 -
Dust . Kehy | 31426 |- 3347

SO, (m®Nm) | 1487.4 884.1 -

NO, (m®Nm) | 11099 | 5649 |
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Appendix 7-3  Hourly Concentration Profile under the Future Condition
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Appendix 8-1

Various Air PolMutant Contro! Measures at Theimal Power Plants {#069, 070)

8.1.1 Measures against Sulfur Oxides

(1) Imp!eme'ntation. of Fuel Measures

This Is & measure théi the volume of sulfur oxides discharged from thermal power plants is
reduced b}t lowering the sulfurization of coal, heavy oil, and crude oil, by using light gas oils such
as naphtha, NGL (nalural gas liquid), ete., with a small volume of sulfur as a fuel, or by using gas
fuels such natural gas '{'inciuding LNG : liquefied natural gas), elc.

®

(2) Implementation of Facility Measures

This is @ measure that sulfur oxides are removed dnrectly from flue gas by means of ﬂue gas
desulfunzalion facilities. Table 8.1. shows various kinds of desulfunng methods.

Table 8.1 Kind of Flue Gas Desulfurization Processes
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1) Wet Type Lirne - Gypsum Method and Facilities

" The wet type lime-gypsum flue gas desulfurization basic pracess is a method based on the
-~ following procedures : 1) sulfur dioxide (S$0,} in flue gas is gas-liquid-contacled with absorbing
solution sturry containing limestone in the absorbing tower in order to get calcium sulfile; 2) the
calcium sulfite in th'is'absorbing solution is completely oxidized with air in order to get gypsum, 3)

-ofter free water is separa!ed from the gypSum the gypsum will be taken out as a'by-product.

heatsr Demister -
smokessx E——=1 K —
Cﬁt@):DL_
fn
Wastewater - 3 _
CaCO, o
o L

Watse

"CalOM), '
- L1El—«FL'
. J—

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

" The JBR Uet bubbling reaclor) method is a kind of lime-gypsum method that SO,c in ﬂue gas is
' absorbed, oxidized, and neutralized with fimestone as a neutrahzer :
This method is simple and revotutronary. because the number of facilities i is small the area where
- such facilities are instafled is also small, and the construction and operation costs are Iqwer than
" those in the case of other methods as well as it is possible to solve scaling problems.
Figure 8.2 shows a schematic fiow diagram of a JBR method desulfurizer.

(2) Basis for Adoption of Wat Type Lime - Gypsum Method _FIué Gas DesuHurization Process
L:me gypsum niethod flue gas desulfunzataon faahtses have the followang charactenst:cs and

are widely employed in Japanese power p!ants because at is, the most zehab!e and the eoonomlcal -
~ one from the general point of view. : ' ' o

CA8.2




1) lts process is refatively simple and high SO, removal efficiency ¢an be obtained.
-2)  Operation is slable and the facilities can withstand severe load changes.
3y iong contintious operation is possible. |
"4} - Lime, the absorber, is found In abundance and costs low.
5)  Gypsum which is a collected by-produtt can be sold as raw material of cement, aypsum
boards efC, and can be stored relatively easily without environment pollution.
6) Secondaf? enviro.nmental po!iutanls ate not generated.
'7)  Safe chemicals and chemical matter are used.

Because of the abové—mentione& advantages, the lime - gypsum method is widely employed
abroad. Itis cons;dered that this process is the most advantageous selection in circumstances
where lime can be oblained easﬂy

-'Wa'té: . .
g “JBR
Eliminator” \-
\BS
To wastewaler treatinent - _Ouar B Limestone:

W’J‘ ‘gluny tank

Figure 8.2 ; Schematic flow diagram of a JBR method desulfurization facility

~(3) Simple Flue Gas Désulfurization

9

' Though wet type iirn_é - gypsum method fiue gas desulfurization facilities have the advantageous
characteristics r'hehti{)ried'abwe its construction cost is expensive. Therefore, research and
development of flue gas desulfurization facmtles are being carried out now aummg at wide uss of
fue gas desutfunzahon facilities in the wor!d by cuttsng down expenses sharply by simplifying

facilities and processes as ‘much as possmle Generally, feduction of construction cost of

: fac:litles is ach|eved w:lh the ltems shown in Table 8.2 tn addition, consideration of the user

" sidels unportant _ |

' In 6rder that the s:mpie desuffunzahon process will be mtroduced in facilities in various countries,

itis expecled that oost will be cut down to around 1f5 113 of that of the present lime - gypsum
method. Althcugh it can not be forecasted atthe present time whether or not it will be possible,
‘development is being promoted now to satisfy such needs.
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Table 8.2 Measures to Cut Down Construction Cost of FIué Gas Desulfurization Facllitles

flem

Description

: User Side's Consideration

Decrease of engineering time

New pianning and desrgnrng

| wilh notbeoonducled each -

lrme .

Usmg fiue gas desulfunzatron
facitities with standard '
arrangénient, standard

'capacrty and slandard

specrﬁcahons

Miniaturization of devices/
machines comprising
facilities

Deletion of design surplus,
Development of new design

Lowering the demanded level
of desulfurization rate within

the range where no matlers’
won't eccur in view of
envrronmental preservatron

Examination of materials oj

‘devices/machines

Conversron from high-grade
raaterials to low-priced
materials

Supportrng with a regular
maintenance plan.

Sim‘pl_iﬁc:atioh of prooe_ssés

Deve!opment of process where
some of constituent
devrces!machrneslfacrlrtres are
omruedfrnlegrated

_Loxirerging dema-no_e_d levels of
‘peripheral matters sich as

quality standards of gypsum.

Omrssron of some of
constituent devices / machlnes
i facilities by srmplrfyrng the
control method

' 'Adopting'a ANt automatic

contro! process required

{4) Operario_n and Maintenance Technologies

1} Operation

In many céses operation of flue gao des'irlfuﬁza'tion 'facifiti'és aéoptod rﬁ Japanese iherrnal electric
power plants is operated automatrca!ly with mslrumentatron contro! systems However ssnoe fu!!
au!omahon from starting to stopping is difficult from the vrewpornl of safety and economy, facmtres
are left to operators 1udgement and operatron Therefore itis the most rmponant pornt to
educate operators $0 that they ¢can oope wrth exactly whalever krnds of events oocur Some of
 makers of ﬂ_ue gas desurfonzatron faorlrtres have dev_eloped_teaohmg ma_te_rrrars,for eoucati_On,' and
- computer software for 'Operation supportrng s.ystoms' Which héijudgemént ltis ong Way to"u.'se
them. As the alaim may sound dunng normal operatron operators need to judge the sr‘uahon
and take necessary actrons _ . .

Though Japanese ﬂue gas desulfunzatron facrlrtres had many troubies rn the early stage the

number of troubles is small now as a result of pH control and regular marntenance and inspection.

2) Maintenance
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For flue gas desulfurization facilities adopted in thermal electric power plants in Japan, as the
minimum conditton Is capabmty of oontmuous operation for 1 - 2 years, refiability of long
continuous operatnon is emphas:zed upon designmg However, the point to sée is importance of
' lnspechon ‘at the time of regu!ar mspecllon and overhaul of facilities by repair work. 1t is
_ mporlan! to estab!rsh a mamtenance system with a spema! orgamzatron formed, including supply
“of spares understandmg of problems and structures of each kind of facilities, establishment of a
oooperatlon system with makers concerned preparatnon of regular inspection manual and solution
of troubles during normal operation. itis also necessary to install an isolation dumper capable of
shutting gas ott completely in the gas system, obnsidering that peopie" go inside the facilities for
inspection/maintenance in case operation stops for an accident o one syster is separated.

*{5) Construction Cost and Maintenance Cost

% ' "n the case of instellation of wei-type lime - gyﬁSUm method flue gas desulfurization facilities,
: constmctzon oosl is as high as ¥15,000 - ¥7,000/kW in Japan. For example, for facilities to be

- built in a power plant of 500MW required constructich cost ranges from 3.5 bitlion yen 10'7.5

billion yen. If simple desulfurization process where SO, removal efficiency is lowered a little is

employed, construction andf__operation costs will be able to be reduced. Maintenance cost

~'depends on the concapt of designs.  if due consideration of technical subjects is given to design

and reliable parts are used, maintenance cost will be low. Though there is no typical figure,

annual direct maintenance cost excluding of labor cost of 2 maintenance team is around 2% of

construction cost.
(6) Tendency of Future Technologies

L’ime - gypsum method ﬂ_ué gas desulfurization process has a history of about 25 years, and is a
oompleted_ pr’ocess' which can be used practically in full. - However, controtling situation
sutrounding bo'we'r plants is Severe, and there is possibility of further improvement of disulfuring
«capacity and intro_«'fi_tjclion of teéhno_!ogy to eliminate drainage (non-draining).
- On the 6lhér hand, in order to spread flue gas desuifurizalion processes in the world and to
'protéct' global enviro'nmerit, éimpie flue gas desuifurization processes where construction cost is
- cut -off ‘sharply, have been alréady est_abl?shed.- Table 8.3 shows noteworthy flue gés
: desu!fﬂﬁiau'on techhique othér than lime - gypsum method flue gas desulturization.
For the e!ectronic beam method among them, Japanese electric power company has developed
'facmtnes of 225MW jomtly with an enguneenng and construction_contractor and tests are now
bemg carried out.. Although the seawaler _desu[furuahon method is not used in Japan because
 of low destfurization efficiency, there are examples in Noway, India etc.

A8-5



Table 8.3 Tendency toward the Future of Flue Gas Desulfurization Technique

: Desc‘:ription

‘ Ptebtems etc.

Nanie efc.
_ Method to convert NO and SO;to m:xture of Though by products can
“Electic | ammonium nitrate anhd sulfate by ircadiating flue . | be vsed as manure, they
beam method | gas with eleclric 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, - : : 3
there are advantages such as no cost of re-
| heating and no drainage. _
liis said that construclion and operatlon costs’ ot
this methed can comprehenswely compete wnh
those of the ilme gypsiim method.
Seawater Method to disulfurize by CalMg ‘contained’ in | Assessment regarding sea
desulfurization | seawater,- Used seawaler is treated and | poliution.
method discharged. As a large quantity of seawater is |

tequired, it is neécessary that a power plant is
adjacent to the seashore '

8.1.2 Measures ageinsl Nitrogen oxides

' As measures for reduction of nitrogen oxides, there are three methods fuel measures, combusnon

* improvement and instaliation of flue gas denitrification facntmes

{1} Implernentation of Fuel Measures .

This is a measure to restrain 'the amount of nitrogen oxides emitted from thermal pe’w'eh plants by
using fight gas oils {naphtha and NGL}, LNG etc. with a small amount of nitrogen as a fuel.

(2} Combustion Improvement

As to thermat NO,, the higher combustion temperature inside a fur.na:ce is, also the_higher 02 .

~ conceritration is, and the longer retention ime in high temperature is, the more Noyis génerated.

-So the quantity of NO, generation can be restrained by redujcing 0, concentration in combustion

gas by reslraining excess air. -

Measures for restraint of NO, emission by means of co’mbusﬁon ir‘npro’Verhént include the Iew
excess-air combustion method, the two stage combustlon method, the exhausted-gas mixture
method and the process employmg alow NO, bumer ' ' '

1) Two-Stage Combustion Method
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- Two-stage coimbustion process is method based on the fo!lowung procedures: 1) the supply of
alr to the lower part of & furnace is restramed for combustion In reduction atmosphere, 2}
subsequently the insufficlent amount of air is added from the upper part of the furnace, and as a

© result volume of NO, generaled by combustion is restrained. : Though this method is effective
particularly for coal combustion, observation and c¢are are required because the combustion is
likely to be unstable, and there are tendencies that the unbumed combustibles in ash increase
and more dust is generated. .

There is another measure which takes one more step forward. - In this method fuel is blown into
" the u’ppef part of flames comibusting in furmace, in order to be burned in reduction atmosphere and
reduce NOQ Qeneralion and then further air is blown inte furnace to make complete combustion.
With this process, NO, ¢an be reduoed by around 50%. (It is called Furnace Denitrification,

' Three-Siage Combust:on or Re-burnmg 0rocess.) _

However, as 4 little higher height of a furnace Is required, it is difficult to apply this method for

exisling fumnaces.
2) Flue Gas Recirculation

The fiue gaé 'r_e'circu'!ati'on proceés is a method to reduce NO, by returning a part of flue gas at
around 350 to 4'0*0"0_ to the viéinity ofa bd_rner and mixing it with combustion air so as to lower
combustion temperature and O, concentration during burning. ‘
Too much volume of recirculated flue gas is effective for reduction of NO,. However, as the
more volume of ret:ircuiaied flue gés exists, the poorer combustion occurs, it is considered that
the limit of the volume of recirculatied flue gas is 20 < 30 % of that of combustion air.

'3) Low-NOy Burner

{@. _ Low-NO, burner has the structure to promole burning under the optimum conditions by forming
the oorh_bijsting area with Gdncenﬁrated fuel énd that wuh lean fuel in the burner part so as to make

": prém'iied 6o'm'bu'slion and diffuse oombustidn in each burner.’ thh this structure, generation of

' NO, is reduced by Iowenng combust:on temperature and oxygen concentrat:on in the burner part

and shoﬂenmg the retention time of combustion gas.

4y Measures for Reductson of NOK by Means of Combination of Combustlon Improvement

measures
'It is péssible fo fufthe'r're_du;ie' e‘rﬁission’ c'f:NO., with synergetic effect of combination of

"~ combustion impr’oveméh_t measures. In many cases in small-sized facilities, NO, is décreased
by 20 - 40 % by changing fuel from heavy oil to kerosene or by using fow NO, burners. 1n the
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large-sized facilities, NO, is decreased by up to around 60 - 70% by combining low NO, burners,
two stage combustion, flue gas recirculation elc. . NO, at an exit of a bumer is decreased to 150 -
300ppm in the case of a coal buiner, and 1 80 - 200ppm, 60 - 100ppm and 40 - §0ppm in the
cases of heavy ofl, kerosene and gas respectively. - NO, emission standards can be generally
cleared with these combustion lm'prtwem'ehts; However, in Japan, as emission is regulated
severely with the local regurations-_and agreements, various kinds of more desulfurization

measures to dispose of flue gas is necessary.

Measures for reduce NO, by means of combustion improvement are as shO'Wn_ in Figure 8.3 and
Table 8.4. ' :

Figwe 8.3 Measures for reduce NO; By Combtistion improvement

Table 8.4 Reduction of NO, by Combustion improvement (#070) . -
(Unit: NO, ppm) @

- Fuel Heawyoil . | Kérbéene : " Gas

_ ol Coal :
N(%) 07~3 | 01~05 0~03 | 0

___Converled valug J- 6 - 4 ) 4. 1 .5
® Standard combustion | - 550~800 - | - 400~500 .| 350~450 [ 300~400

Excessair - 600~900 - | 500~600 | 400~500 | 350~450
@ I'Tow oxygen combustion TA50~650 | 300~400 | 250~350 | 200~300°
@ @+ Two stage combustion '300~500 - | 200~300 .| 150~250 | 150~200
@ | B+ Flue gas recirculation '350~550° | '200~300 | 160~250 -} 150~200
® | @+ Flue gas recircutation 200~400 | 200~300° | 100~150 ‘| 80~120 |
® | ®+ Low NO,burner -150~300 | 80~200- | - 60~100 | :40~80
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(3) Implementation of Facilily Measures

As a measure to remove NO, by disposing of flue gas, there is a flue gas denitrification process.
~ As the reactlivity with absorbing solution is low because the large portion of nitrogen in flue gas

oxists 33 NO, the dry process is exclusively used. '

in the dry process, a method to reduce NO, to Nz is employed. Ammonia is generally used as a

reducing agent which reacts selectively with NO,.

Various Kinds of main dry method flue gas denitrification process are shown in Table 8.5.

_ Table 8.5 Kind of flue gas denitrification process

“Drymethod . | ~ Wetmethod
+ Selective cata.lyt_ic reduction process . Gas;phase oxidation absorption process
+ Non-selective catalytic feduction process + Liquid-phase oxidation absofgtion process
* Non-catalytic reduction process « Complex-salt-generating absorplion process

= Calalytic cracking process

+ Absorplion process

* Adsorption process - :
= Electron beam irradiation process

1) Denitrification Process

-Denitrification procesSesICan.be classified into two methods, according to installation places of

denitrification reactor, as follows :
@ High-Dust Denitrification Process

Thfs is a process where flue gas from boiler is introduced diréclry to denitrification facitities and
_ then dust is removed by an Electrostatic Precipitator in the rear stream.
~ Itis general to adopt this process for boiters using such fuel as LNG, heavy or ciude oil.

@ Low-Dust Denitsification Process

~ This is a process to denitrity aﬁef dust removal. The Electrostatic Precipitator is installed in the

upper stream of denitrification facilities. It is sometimes used for denitrification of gas containing
alarge amouint of So, and dust -

. As for both processes, denitrifiéalidn facilities do not put any restriction.  Eilher system should be

~ determined upon a practical plant plan, with comprehensive examination.
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2} Denitrification Calalyzer
@ Required conditions for denitrification catalyzer :

1. High denitrifying capaci_ty in the temperature range where itis '_us"e:d

2. Few side reaction such as conversion from SO, t0 SO,

3. Sufficlent durability

4. Sufficient mechanical strength and heat resistance _

5. Abrasion resistance, in the case of flue gas containing dust likely to cause abrasion
As catalyzers which sétiéfy these conditions, severat kinds of catalyzers are put to practical use
now. ~ For main ones, poLoUsS ceramic such as man and alumlnum is used as a carrier, lo which
several kinds of metal 6xide compounds elc. are glven as an active componenl

@ Selection of Denitrifying Catalyzers o Co %

Catalyzers are required to have capabilities according to propertieé of flue gas.
In case of clean gas exhausted, using LNG as a fuel, catalyzérs only with heat resistance should
be selected because flue gas doesn't contain dust and SO, which causes detenorabon
* For dirty gas exhausted using heawlcrude oit or coal as'a fuel, as flue gas contains dust and SO,,
it is necessary to consider how to dispose of them. . :
Table 8.6 shows variety of boiler fuel and pomls to be duly mnsldered for se!echon of catalyzers.
" Figure 8.4 shows the entire arrangement p?an including demtﬂﬂcatlon faCllitIeS by catalyhc
reduction of nitric oxide with ammonia. : AR

Table 8.6 Variety of Boiler Fuel and Points to be duly Considered for Selection of Catalyzers

Kind of Fuel _ _: : ' - Conmderatnons -
Gas e o Hngh aclwlty, heat-resaslanoe T .
Heavy/Crude Oil : { High aclivity, heat-res;slance re&stance to suffenng frqm

_ _ o dust poison, SO, reS!s!ance Low 80, conversion rate
Coat Low-Dust Denitrification Dltto '

Hig'h‘!)usl Denitrification | Ditto, “abrasion resistance
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[ ]

:,_.‘[,;,. 1] " Denitrification
T : ‘U‘—*— :
Airpioheater | %emm
" Fored air éan

Figure 8.4 The Entire Arrangement Plan including Denitrification Facilities by Cataiytic
Reduction of NO, with ammonia

3) Construction Cost of Denilrification Facilities

‘Gonstruction ‘cost of denitirification facilities largely differs according to types of fue! and
demanded performances. _
For example, cost of denitrification facilities with the 0.8 - 1.0 of ammonia injection mo ratio and
~ the 80 % of denitrification rate is roughly estimated as follows: - |
 Boiler burning heavy/crude oif - ¥4,000 - 5,000/kW
Boilerburing coal:  ¥6,000- 7,000/kW
The cost of a storage tank amounts 1o the large part of facilities cost of -an ammonia injector
necess;'iry-fof denitrification facilities. Facilites cost of the faciliies is ¥4,000 - 5000ftank
“capacity {(m°).
“Altof above-mentioned facilities costs exclude foundation work cost.
. For reference, _ah _éiérﬁp_le o:'f cost of denitriﬁt':ation' facilities for electric power generatibn (on
" 1981) is shown in Table 8.7. o
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Table 8.7 Example of Cost of Denitrification Facitities

Mefod | Fockisaosl | Oporaioncosl | Eficen. | Difiodyof | Rangeof Us2 _
- Housandyen/m/H R - -
Condficn | housand yen 7 | (D NO,concentrefion % gasvokrne fciies Offio
m7H @ Opesionraio Ni'H recpiredd Average!
@ Costolchemicels 4 Easy
Ammonia . 03-28 : .| Boker
caRific 08-70 | D60400ppm Under | - Averae 70000 | -Gastubie Avrage
| reoucton @hudbontxxr | 9 | | ~3mion | Desd
process 3¥60,000t L -Garbage fumace
: ' -I—Ie&ufunaoen
non- 207 | @©100450ppm Uider | Eay | 570000 | -Heefngfimecen |  Exy
catafic @ 70%ukzdiontackr | 40 ~trdon | chemicd plaris
redhucion | ®wao000 ~Boker

- Lprocess

8.1.3 Measures for Control of Soot and Dust Emissions

(1) implementation of Fuel Measures éhd'Operatiohal' Measures

(2) Implementation of Facility Measures

Unburned carbon is generated in case of mono fuel combustion of heévyicrﬁdé oil and fly ash in

case of coal combusuon -As for measures against soot and dust em:ssms there are two

approaches; 1) Fuel measures that decrease generation of dust by usmg high quallty fuiel and 2)

Operational measures that restrain dust by improving combustion control. .

There are also sootand dust emlss:Ons removmg processes using gravnahonal force mema force,
electric foice, efc. Vanous kinds of these facilities wh:ch adopt such force for dust ool!ectson are
shown in Table 8.8.

1) Kinds and features of dust collectors/precipitators

Kinds and features of each collector/precipitator aféfshc)w’mi in Téb!relzé'.-s.
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Tablo 8.8 Classification of dust collecting facitities by dust collecting action foree

Elect-

S Gravi- fnertiai | Centri- Thermo- | Diffu- Sonic
“Name | tational - | force ] fugal dynamic | sion fic force-
force | force force force | force
Gravitational dustcolleclor O o '
Inertial dust separator 0 - ® O
' Cenlnfuga!dustcollector | o | O 1 © A

Scrubbing dust Qoilector el o A © A

Filter dust separator . _ QO o ol A

Electrostanc precapatator : Q 0. _ O 6

Sonic precip:tator O O )

_Nole: Marks © and O show coliscting action force raainly acls, and mark A shows action force
required for aggregation effect '

2) Sum mary and features of main colleclors/precipitators

@ Centrifugal dust coltector

The facilities turn gas, and separate and collect particles in gas by centrifugal force acted on

paiticles.

Cyclone {cyclone separator) is the typical centrifugal dust collector.
a.  There is another method to use several same cyclones in series arrangement.

However,

: pressure loss is increased w;lh this method, whlle further improvement of collection efficiency

IS not expected.

b Small cyc?ones in paraliel arrangement is called multicyclone. Gas flow rate is 10 to 25m/s.

" Figure 8. 5 Mustrates one exampTe of the mu!ticyclone

" Figure 8.5 "'Axlal-ﬂbw"reacﬁtidn type multicyclone
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- @ Filter dust separator.

There are two types of filler dust separator. Oné is the bag filler type which employs surface
fitration method that separates and collects dust on the surface of relatively thin filter cloth, and
the other is the packed bed filter type which employs internal filtration method that separates and
collects dust inside of the filter bed with filter medium.  The bag filter type is more popular as fitter

dus! separator.
Advaniages and diéadvantagés of filter dust seéparator are shown in Table 8.10.

Table 8.10 'Advantages and disadvaniages of filter dust separator

Advantages | *Enables fo collect submicron particles in high efficiency.
*Not influenced by electric resistance of dust.
*Fluctuation of temperature at outlet is less affected by that at inlet.

*_Pressure loss is high.

| *lmiproper for gas processing at dew point or less.

Disadvantages ' | “Improper for hygroscopic dust and high adhesive dust,

*Not suitabte for high temperature g'as processing because of its malerial.
*Regular replacement of filter cloth is required.(every 2 to 3 years)

*Even one part of breakage at filter cloth causes large decrease in collection
efficiency. _

@ Efectrostatic precipitalor (EP)

EP charges dust particles in gas by corona discharge to collect them. EP ié adopted mostly to
the boiler for electiic power generation, because 1)EP is less affecled by properties of gas and
dust, 2)the pressure foss is low, 3jcollects fine particles easily, and 4)enables to coflect dust in
high efficiency. | |

a. Principle of collection’

‘For e!ectrosl'atié precipilatic.*vn= 'se\}er’al forces éuch as electric force, diffusion force, inertia force,
gravntanonal force elc are uhhzed as collecung action force but the main one is electnc force.

" As shown in Figure 8 6, in general the dsscharge electrode of core w:re Is negatwe electrode and

' the ooilechng e!ectrode of ﬂat p!aie |s pos:twe electrode. High tens;on direct cuirent power

' 'supply is applied to chatging. As electric field strength is risen, gas around the discharge

-~ electrode is focally broken and corona discharge is occutred, which generate negative corona and
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forms large quantity of negative ion

Negative ion and free electron move to the collecting electrode.  If gas including dust is blown
into here at this moment , particles in gas are charged in a flash. The charged pér't’idés are
moved by Coulomb forcé (electric force) to the collecting electrode, and separated and collected.
The coliected particles on the collecting electrode are peeled offfremoved by hammering impact,
elc. ' '

b. Structure of EP

As shown in Figure 8.7, EP is composed of the appatatus below. -
@ Discharge electrode which discharges corona.

® - Collecling efectrode which collects charged particles.

@ Direct current high voltage generator. | an
L] Hammenng apparatus for peehng off dust adhered to the collecting e:ectrode &
°

~ Ash handlmg system which de!wers collectsd dust,

W m“‘ﬁ‘,‘i"‘”@ (o)

.

| Fabiigdownty Hammeringimport
‘Figure 8.6 * Principle of eIectrosléti_c_ precipitation "

3} The latest electrostatic precipitator
The Iargest problem of dust removal in coal bo:ler is lo overoome back |omzation phenomenon |
that is, to mamlaln and tmprove col!ect:ng performance agalnst high-res;stant dust As

mentioned i in the prevrous item EP for h:gh resustant dust already had been deve!oped and used '
practncally : ' '
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. Disc}mrgeek(trodehimmmg
En : g O
mdu:bond\ﬁt reduction duct
eectrode -
Hamnemgapparatm_ ‘ AP Hopper
Collting elctrode :
Figure 8.7 Structure of EP
% @ New charging type EP

ltis necessary to turn down current to reslrain back ionization in the normal direct current charging
method .50 applied voltage must be dropped for operation. = As Vo!tagé is dropped, electric field -
slrength in the precipitation space is also dropped it causes depresswn of dust charging activity
by non-uniformity of corona current from the dascharge eleclroda, as well as lowering of dust

- collecting effi iciency, and further deterioration of EP performance However, short-time apphcatnon
of high voltage 1o the dlscharge e!ecu'ode in pulse state makes uniform distribution of corona
current from the discharge electrode. - In addition, changung crest value (voltage), amplitude; and
frequency of app!:ed pulse permﬂs to obtain’ higher peak voitage than that at direct current
:chargmg Therefore improvement of dust collectmg performance is permitted.

@ Wettype EP

Wet type EP has been 'u_sed 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
EP is the most suitable to collect dust and mist at outlet of wet type desulfurizer.

“The basic structure of wet lype EP |s ‘the same as that of dry typae except that spraying water
lhrough spray nozzle from upper part of the coliectmg electrode and ﬂow:ng down the collected
dust cons{antly with ixquid film. Wel type EP permﬂs high ﬂow rate of gas in EP and compact

. syslem in size, because lt is never affected by electric resistance of dust and free from re-litter.

- However it requires not only Iarge quantrty of water and siurry treatment process for collected dust
o but also IoWenng of gas tem perature up to saturatnon tempera{ure

® 'High teﬁ'-béréiu?é EP and tow !efhpe’fétijre EP
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Adoption of high temperature EP slarted in the United Siates in 1970's for coal thermal power

plant. Since high temperature EP collects 'd'ust al the high temperamre range (320 to 380°C)

where electrical resistivity of dust drops, |t can collect even dust which could not be coliscted by
* conventional EP.  However, the followang pomls must be cons:dered for adoptron A)quantity of

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

high temperature, and 3jheat loss should be prevented.

Low temperature EP collects dust at lower temperature ran:gé (90 to 100°C) than that of

conventional EP, opposrte to hrgh temperature EP. Voiume of processing gas is smail because

of the low temperature range, and the system is compact in size.

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

4) Advantages and disadvantages of electrostatic precipitator
Advantages and disadvantages of electrostatic precipitator aré shown in Table 8.41.

Table 811 Advantages and disadvantages of electrostatic precipstator

‘Surtabte for gas processmg in ¥arge capacrty .
*Enables to collect submicron particles in hlgh efficiency. = )
Advantages | *Has excelient durability, and maintenance is simple and also its cost is low.
*Permits processing of high temperature gas. .
*Has also wet type and it enables to collect mist.
*Relatively resists fiuctuation of operating condition.

*Costs for chargmg facitity, conlrol system etc are hrgh

Disdvantages | *Collection efﬂcrency is affected by p ofdusl and itis lowered at10 4 Q" om or
less and 10" Q  cmor higher

*System is large in size. :

*High manufacturing accuracy is required.

5} Cost of dust coliector

Cost of dust collector iargely differs in accordance with the types. ~ In addition, it alsa depends on
kind of dust generating source, required collection efficiency, and system size.

@ Construction cost
As for construction cost per gas flow rate Nm °/, apbréxiniately ¥300 10 ¥2200 fbr ceh'tﬁfirgal dust

collector, ¥300 to ¥2100 for filter dust separator and ¥4(}0 to ¥4400 for eletros!atrc precrprtator
The construction cost largely differs depend:ng on specrﬁcatron of addrtronal facr.rty and range of
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estimation,

@ Annual operation cost

"As for difficulties of operation and maintenance, centrifugal dust collector and elecirostatic

precipitator are ranked easy, and filter dust separator is ranked normal. ~ In the case that annual
opeiation time Is 6100 hours and cost of electric power is ¥14/kwh, annuat operation cost per

separator;, and ¥100 to ¥1000 for electrostatic precipitator. -
The higher required cotlection efﬁciénc'y is, the highei annual operation cost is, in any type.

Table 8.12 Costs of dust collectors

~AmNh of g_as flow rate is ¥100 to ¥1000 for centrifugal dust collector, ¥300' to ¥1100 for fitter dust

_ Const- , _ Difficulty -
Facili- Type ruction | Annual | Effi- | Difficulty of | Application of Remarks
ties - cost “cost clen | Operation | Range Mainte-
oy nance o
¥1,000ly
ear/ % . _
¥1,000 | Nm'/h Difficult Gas Difficult | Sizeof | Pressure
In’th | Condiions Average Volume | Average | Stbjected loss
@ Operaion Easy NT/h Easy particle mmH;O
raka 7%
(361000 um
2 Costok
_ ¥i4/d0n
Cenlrifuga | 0.3~ 0.1~1.0 | 50~ Easy 580,000~ Easy 100~3 50~150
Dust N 22 . 99 3.000
Collec- _forcfe . . 7 . . _ .
tor | Fitiation | 03~ | 03~11 |93~ | Average [ 2,400,000~ | Average | 20~0.1 [ 100~200
L 2.4 99.0 - 3,000
" Electro- | 04~ | 0.1~1.0 | 50~ Easy 2,160,000~ Easy 20~0.05 10~-20
' slatic 44 99.9 18.000

8.1.4 liplementation of Litter Control Measures for particulate

In case that coal is used as a fuel, litter conlrol measures for particulate are required, at

ac:cepta‘nce and disposal of coal and in coa! yard, and also litter of coal ash at transportation.

(1) Litter control measures for particulate at acceptance and disposat of coal

There are methods to prevent litter of particulate by instaliing water spray system, closing coal

conveyor, etc.

* (2} Litter control measures for parﬁculale in coal yard
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" There are methods to prevent litter of particulate to the surrounding area by installing water spray
system, net and fence to 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 inside of the plant eﬁectiveiy promote lo reduce volume of air pollutants emission.
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Appendrx 8-3 _
. NOTES ON MANAGEMENT OF AMBIENT AIR MONITORING STATIONS

‘This Is prepared o recommend items notable for maintenance arrd-_inepeetion" of -
amblent air monitoring stations, in ordér to oblain iefiable accrale data for a longér

1. Inspection and Maintenance (I' &M

There are two scheduled | & M works. The Frégquent Work isto 'chec_k; confirni, clean,
efc. to keep normal continuous operation. The Seasonal Work is to avoid ma!-fdnctiening
by changing deteriorated parts. Tables fAand 1B are composed to indicate the mspectlon_-
and maintenance items with frequencies Indwrdual items must be referred to the
respectrve manuals supplied by the manufacturers

. The Overhaul Maintenance is recommendable when encountenng excess period of
mlssmg data, or when itis judged difficult to keep accuracy by ordinary marntenance even
if appropriate maintenance is performed. An analyzer will detenorate by aging of its parts.
As a wule of thumb once rn three to five years’ of an overhaul may be- needed The
Emergency Work is to grve qu:ck and temporary repa:rs o abnormal or broken parts of the

“instrument. Usual maintenance people in the power pianl can not carry out the overhaul or
heavy repair work of SO;, NOx, and span gas generators It shali be asked for services
from the agents in Brazil.

- All the action taken and numerals checked and confirmed should be recorded in the
ledger. ' B

2. Performance Test

Automated analyzers shall be tested for lherr performanee fo know capabllrty.
individual character, and reliability. Trm:ng and test items areas follows .

(@) Timing of Performance Tesl _
- After repamng a damage whlch may affect accuracy
- After overhau! mamtenance
() ltems of Performance Test _
- Zero and epan' drifts
- Repeatability
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Table 1A Frequent | & M Work

. Instrument .

F:equency' —

Descnphon

IS0, Analyzer
NOx Analyzer

Once a week

NG =h

: Rewew lhe previous inspeclion report.

. Check conformlty of the indicated data with the one of
- the pen recorder, and check if the data is stored.

. Confirm the sufficiency of remaining recording paper.

. Confirm the correctness of the indicated time.

. Check any abnormality in pump sounds.

. Check any abnormality of sampling lines.

. Confirm whether an alarm is signaled.

Recoider

Data Logger

Once a fortnight -

-qcbm.h.-w-m-xwmm-n-w

; Change a sampling filter.

. Check pressure of the standard gas cylinders.

. Check whether silica gel is still usable.

. Replace charcoal when silica get is replaced.

. Calibrate zero and span ranges

. Check the correction factors of the 0 and span ranges.

. Confirm variou analogue data:

.- 80; Analyzer
a sample flow rate, a Iamp vo!tage a oell pressure,
“a’‘cell temperature
NOx Analyzer ‘

a sample flow rate, a detective cell pressure

" INet

Pyrradiometer

Onée a fortnight

Check whether there is no broken poly-dome
. Clean a poly-dome _

Rain sampler

Once a fortni'ght

1
v 3
- |#. Confirm mobility of a lid
2

. Clean a rain sensor

Table 18 Seasonal Work

Inistrument

Frequency i

Paris to be Replaced

SO, Analyzer -

[Once a year

" 13. An air filter for purge
4. A Bolston Filter
15. A Xenon lamp

" 16. A HC cutter -

1. Ca!a!y_st
2. A diaphragm valve of a pump

7. Silica gel

Once in 2 years B

1. Pump

- INOx Anaiyze:r_:

Orice a year

|3. Catalyst of An ozone decomposer

|5. Anuv fiter
_|6. A PPD capillary

1. Catalyst
2. A diaphragm valve of a pump

4. An air fiter

= (‘)n'ce‘ in 2 years

- |1. A pump unit

" [Ontein 3years -

1. An eleciro-magnetic valve

k Sémpling.
|System

Once ayear

1. Teflon pipes and a funnel
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3. Costs of Spare and Consumable Parts

For your budgetary purpose costs of spare and consumable parts for one year operauon in
one station are as follows in Japan (1997 US$ 1=¥120):

"sc')z Ariaiyze_rf . uss 3_.',00_0'._
SO, and NOx Analyzers  US $ 6,000

For exact est:mahon you should ask quotatuon from the agents. The specqf catnons and .
requirements of the paits are gwen in the JICA Equapmenl Lists. '

4. Calibration of Sca!e_
Cahbrate lhe scale in order to keep normal and accurale performance of an analyzer.
The known conoenlrauon sample passes through the sensor for the calibration. The scale
is calibrated at zero, and, span {around 90% point of the’ maximum range) assuming the
catibration curve is straighi. In order to check the straighlness of the curve, four or five
points will be used for calibration in full range. - '

5. Life of Automated Analyzer

A period of seven to ten years is the best anticipaled' life of an analyzer, even i
- approoriate maintenance is performed. An analyzer will deteriorate by aging of its parts.

8. Stock of Monitored Data

Monitored data should be képi_ at least for five years. The data may need to be
reviewed or confirmed later. ' :

7. Spare Unit
To avoid fong period of data missing by overhaul, break down, or else, or to double
check the data when abnormahty is lesulled a spare umt is recommendabfe to be kept in
store. Espec;ally :mported umts may need to repa:r for Ionger i it cannot be fixed

domestically.

8. Safety Precaution at Monitoring Stations
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‘The standard gases are stored in high pressured cylinders which have to be handied
carefully. It is better to establish a safety. précaution plan as the standard procedure
observing related laws, regulations, or decrees. As some of the gases are poisonous,

" ventilation of the station with fresh air is recomméndable during calibration, not $o as to
inhale the gases. |

While replacing parts, turn off lhe main $witch of the analyzer in order to avoid an
electric shock.

9. Organization for | & M

In order to generate reliable.'acc'u.rate and 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 c) overall management of the nionitoring stations shall be established in
each power plant. The roles b) and ¢) may b_tg perfo-r'm'ed by the same person such as ‘a
taboratory manager or an engineering manager of the plant.

The role a) is usually played by laboratory technicians. The frequent | & M (once 2
week or a forinight) can be carried out within one day for three stations. The seasonal 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 manuals in the ownh language: The set is mandatory
to educate or train newly recruited personnel for the purpose. OJT by the already trained

" enginaer will be enough for the time being. However, if the chain of such technology
transfer becomes longer, the te’chnblo’Qiesbr’ know-how will be distorted.
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Appendix 8-4 Maintenance of Continuous Stack Gas Monitoring Analyzers
(except dust analyzers)

_Typé_Qf o Déscriptio_n of Executiqin ~ .. | : Frequency of
Inspection | ' : __Inspection ete.

Replacement of the following parts etc.
1. Recording part
a. Head of a pen for pen writing
b. Reeled
¢. Ink pad
_ d. Ink tube B
2. Sample flow part .
a. Flow meler (calibration).
b. Pump inner valve, diaphragm
¢. Sample piping
3. Pragrammer parnt
“a. Back-up battery -
_b. Surge absorber - - - - -
4, Peripheral part .-
. ~a. Sample lead-in pipe . _ S o
Emergency | 1. Finding and temoving trouble -~ - | Upon occurrence
2. Starting after removal of power stop of abnormality -

Regular once a year

@ Performance Test of Automatic Analyzer -

‘A performance test should be carried out to grasp performance, instrumental errors and
reliabitity of measured values of an automatic analyzer. Time of conducting a performance
test ant lest items are as follows:

a. Time of Conducling Pesformance Test . . _
(a) . When ngw automatic analyzer is purchased . .. S o :
(b} After repairing any faults to be affect on measuring 'accurac_y. %
{c) After regular inspecfidn or overhaul is Qarried out

b. Hems of a Performance Test
(a) Zero drift
{b) Span drift
{c) Repealability
{d) Linearity
{e) Stability of sampling flow rate
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@ Scate Calibration

The scale calibration shbuld be rég'ulériy' carried out to confirm that an analyzer works

properly and accuralely, as well as to maintain such performance 'Dynamic calibration

using the standard gas should be adopted for scale calibration, . Usually, with a calibration

curve c_ons__rdered as a linear e_q_uatron, calibration should be carried out at three points; the

zero point, the span (a point arouid 90% of the maximum value of a scale of thé'ahal)'fzer)

and a middie point of lhem In order to confirm linearity of the calibration curve, calibration
: should be done at four or five pomts between lhe zero point 2nd the span, at need.

@ Overhaul

' Even if the suff crenl mamtenance and inspection is carried out for an automatic analyzer, as

' components are wasled or abraded as ¢peration time elapses detenora'uon of performarice
resulted from such waste/abrasion is not avoidable. Therefore, if it is found that missing
time increases remarkably or that it is difficult to maintain measuring accuracy by means of
regular inspection only, overhaul should be carried out.

@ Life of Automatic A:néiyzeré

'Smce an automatlc analyzer rs operated at all tlmes deterioration of components
accompanymg use of rt is not avoudable Though perrormance of an automatic analyzer is

~ maintained by maintenance and mspechon accordmg to comprehensive ;udgement from
frequency of trouble occurrence due to daterioration, its life is generally around 10 years,
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Appendix 8-5  CMB(Chemical Mass Batance) Method
A85.1 Outline of CMB Method

CMB (Chemical Mass Balance ) riiethod is a typé of receptor model of Statfsiical mode
to estimate the contributions from sources to ambient SPM concenl_ration'.': The sources
of SPM ate divided into attificial sources and natural ones. The formet includes the
different kinds of factones, wvarious lypes of motor vehicles, etc. The latter iﬁ'cludes
soil pamcles, sea salts parncles, and others.  One special feature of SPM component is
the high contribution by natural sources and it is therefore very difficull to establish'a
completely physical model for estimating SPM due 10 natural processes Hence, the
CMB method provides an altemalwc way to effeclwely eshmate the contnbuuons by
amﬁcml and natural processes. '

The particles are categonzed into pnmary particles and secondary pariicles The
primary particles are those emitted in pamculate form, but the secondary pamcles are
those emitied in gaseous form and then converted to pamculate form. -For example,
some parts of SQ, are converted to SO4 and f‘mally to sulfuric acid or some forms of
sulfate. CMB method targets the primary pameles and the conlnbullons by the
secondary parucles are estimated from their chemlcai oomponents CMB method
targets the primary partlcles and the secondary pamcles are dlreclly evaluated from the
measurement of amblent SPM.

The mathematical formulation of CMB method is explained  as the followings. The
receptor model for estimating the contributions by pollution sources is based on the law
of conservation of mass. For example, assuniing that (p) numbers of emission sources
exist and suppose no interaction follows whese mass change occurs, SPM concentration
(C) measured at the receptor is obtained by taking the sum of contributions (S;) of each
emission source as in equation (1). |

C=§s,. | a

Similarly, concentration (C;) of componeat (i) in the SPM is expressed by equation (2).
Here (a;) is the mass fraction of source contribution (j) possessing component (i) at
receptor, ' '

L : a .
C = E%S:‘ . | | - 2

o]
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Assuming that (n) numbers-of components are analyzed at the sources and receptors,
then an equation is set up for eathk:oz‘nponn;:n'ﬂf If the number (n) is greater than or equal
to a number (p), we could obtain the answer by solving the set of (p) set of linear
equations.

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

minimizing the value ( % %) expressed in equation (3).
z

. (Ca = 2‘7-)3}) '
42 L . : .
Here (wi) are the weights according to the extent of errors in imeasurement.
‘Equation (4) is the matnx from cxpressron of equation (2).
C=AS o : - (4)
f‘_Here. (C )isn- dlmensmnal vector of component conceniratlon and {A) is n by p mateix
-of mass fraction of sources, and (8) is n-dimensional vector of contributions by sources.

iGenerally, the solunon by the least squres melhod 1§ as thc followmgs

| S=(awAy'Uwc (5)

_ }Here, Wisa dlagonal matrix wnh dlagonal componeats of w. 'd is transpose of
matrix 'A and X"'is inverse matrix of matrix X, Errors of estimations for the source
“contribitions depend on the way the weights (w;) are chosen.

'A8.52  An Example of CMB Methoﬂ
' (1) Analysis of Elemental Composition

wHe.r'e,_' an example o.f 'CMB method to_cvaluatc source contributions with chemical
‘eleﬁlent'comppsitions of ‘anjb'ient SPM and various séurces (Ref.71). The chémical
" element compositions of ambient SPM and sources used are compiled in Table A8.5.1.
- Ambient SPM sampies are ‘collecled during 2 weeks by low volume air samplers for
each season at 8 representative stations in Osaka prefecture. Osaka prefecture is the
second populated prefecture in Japan. The samples are analyzed for 39 chemical
- elements by Neutron Activation Method, and for clemental carbon (EC) and organic

* carbon (OC) by Themal'i\/l_anganés_e Oxidation Methed.

- Target sources were assumed as soil, sea salt, stee! factory, oil burning facility,
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incineration facility, and digsel vehicle. The chemical compositions of the sources are
determined from the actual measurement and the literatuce values.

(2) Selection of Tracer Elements

Tracer eleinents which are characteristic for each emission source, must be chosen for
CMB method. Orne indicator for sclection is contents in the sources, and content
values not less than 1 % are underlined in Table A8.5.1. Another indicator is
‘Effective Factor’, and the effective factor (E.F.) is defined as the following.
 BE.= Xisouce/ Xiambient

Xi source: Content of Element (i} in Sources

X smbients Content of Element (i) in Ambient
The etements with large E.F. for each source are as the followings.

Soil: Hf, Al, Sc, Sm, Th, Ti, Ce
Sea Salt: Cl, Na, By, 1
Steel: Mpn, Ni, Cr, Zu, Fe, Pb

Oil Burning: V, Ni

Incinezation: Ag, K, Cl, Ce, Na, Pb, Rb, Br, 7Zn

Diescl Vehicle: EC
Cl and Br were eliminated because of possible fractionation in the atmosphere.  HE, Th,
Ce, Ni, Pb, Ag, Rb were eliminated becausc of inaccurate contents values in some

Sources.
Finally, Na, Al, K, Sc, Ti, V, Cr, Mn, Fe, Zn, Sm, and EC are sclected as the tracer

elements for CMB method.

{3) Source Contributions to Ambient SPM

The concentrations of the twelve {12) elements in ambient SPM are input to Ci of
equation (2). The contents of the twelve eleinents (12) of eight (8) sources are input to

aij. By solving the equation, the conlributions from the sources were obtained as in
Table A8.5.2.
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Table A8.5.2 Source Contributions to Ambient SPM-

Sources . |Cortribitions
| agm’
Soil . 8.74038
Sea Salt 072037
CSteel - | 21203
" Oil Bumning | -1.120.2
Incineration. |  1.8x0.4
Diesel Vehicle| - 9.9x1.8
Unknown |- 15.2
. Total 39.5
Around 60 % 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
Following are example specifications of the ambient air SPM monitoring instrument. Model A
is the product of Horiba which is available through Quimitron Industria, Sao Paulo. Mode! B is

- cited from a catalogué of another Japanese manufacturer named DKK Corporation in Tokyo.

Examples of Specifications of SPM Meters

Items

Model A

Model B

Ptiriciple

Beta ray absorption

Beta ray absorption

Beta source

MC, sealed

1IPM, sealed

| SPM, less than 10 g m

A833

Apﬁlicatioh SPM, less than 10 g m
Range 0-0.26/0.5/1.0/6.0 g3 0-1.0/5.0 mg/m?
Measurement 30 min/1/3/12/24 h 1h
cycle - _ ) . .
Accurdey 30 1 g/mdor £10% of reading | £10 n g/m3 or £10% of reading
Sample tape Rolled glass ﬁﬁer Rolled glass fiber |
| Sample flow 16.7 liter/min 18 liter/iin
Sar;lple pump in a separated unit included
Ambient 0~40C 210~40C
temperature
Data display On sereen Print recorder
Data cutput : Voltage or mA signal Voltage or mA signal
Power 100/115/230 AVC, 50/60Hz 100 AVC, 60/60Hz
Dimensions | 430w X 310h X 400 d mm 460w X 1000 h X 500 d mm
Weight | Approxiniately 19kg Approximately 70kg
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