Chapter 6 EFFECT OF STACK GAS ON AIR QUALITY
6.1 CQutline of Impact Assessment from Stack Gas

‘The impacts of the stack gas emitled from the power plants to the surroundings were
~ estimated with a dispersion simulation model. The model based on Plume and Puff
formutae, simu!ated' annual averages, da'ily averages and hourly values of SO,, NO,, and
SPM concentrations. The conversions from NO, to NC; were conducted with the measured
ratios of NO; to NO, in each region. The usual NO, conversion models was not be
applicable because of the fack of O, concentrations data and of onfy one monitoring station
‘in‘each region. . SR

The po!luiant emission intensity, wet gas volume and so on were based on the results of the
- Stack Gas Monitoring, the specifications of stacks, and annual electricity generation data.

The necessary meteorologibal inputs 1o the simulation model are wind difection, wind
speeds and atmospheric stability. Wind speed data at the stack height were estimated from
the wind speed data with corection faclors. The measured stability were shifted 1o neutral
conditions to calculate diffusion parameters, because of the nature of the ambient air at
high altitude.
'6.2 Distribution of Annual Average Concentration
6.2.1 Annual Average Simulation Model
Details of the annual average simulation model are explained below.
(1)  Target Year
One Year from Mar¢h 1996 to February 1997
" {2)+  Calculation of Annual Average
First, frequ'en:c_iés and averages of the necessary meteorological data by seasens,
time zones, wind directions, wind speed classes, and stability classes are calculaled.
Also, pollutant emission rates and wet gas emission rates are averaged by seasons

‘and time zones, Next, concentration coniributions fom each source to each -
calculation point are calculated by the averages for each class. Finally, the anaual
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averages are obtained by the following formula. -

Cy EE(E(EF(QS’ rm) ftm) )

) 1 s A\ :
‘Where, | . |
C, : Annual Average Concentration

t . Seasons & Time Zones Calegories

s : Source Classes -

rm : Meteorological Classes

"F() : Dispersion Mode!

Q. Poilutanl Emission Rate of Each Source

W, : Average of Meteorological Factors by Meteorotogfcal 2

Classes
" s @ Frequency of Meteorological Condition
- by Season & Time Zone

f, . Frequency of Season & Time Zone
{3) Season and Time Zone
Two seasons and two time zones are defined c‘onéidering the operation pattein of
power plant, time-dependent characteristics of meleoroiogical factors and ambient

air concentrations.

Seasons: Summer(November to April), Winter (May to Oclobér) 3
Time Zones:  Daytime(8:00 to 22:00), Nighltime (22:00 to 8:00) @

{4)  Meteorological Class
Wind Directions: 16 directions and Calm (Wind Speed <=0. 4 m/s)

Wind Speed Classes; ~0.4mfs, ~0.9m/s, ~1.9m/fs, ~2. 9m/s,” ~3.9m/fs
~5, gmfs, ~7. 9rnfs, B.0mfs~
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Stability Classes: A(Strongly Unstable), AB, B, BC, C, CD,
dD{Daytime Neuiral), nD(Nighttime Neutral),
E, F, G{Strongly Stable)

{5} Target Poliutants and Pollutant Sources

Target pollutants are SO, NO,, NO;, and SPM.  All existing units of each power
plani were targeled, and the pollutants are compiled by stacks and treated as point
sources in the simulation model.

Generally, pollutants ernitted from power plants are called SO, NO,, and Dust, and

ambient air concentrations caused by the pollutanis are SO, NO, & NO,, and SPM.

Here, NO, means the summation of NO and NO,, and a part of NO is converted to
& NO, in the atrosphere.

6)  Dispersion Formulae

Windy Condition: Simple Plume Formula

C(R,2) = J—
Ror R

St

(z+ He) ”

-G Pollutant Conéentration at Calculation Point
- (ppb,” ¢ g/m’etc.)

AR Distance from Source to Calculation Point {m)

Z - - i Height of Calculation Polnt (m).

oy Pollutant Emission Rate (m°N/sec, Kg/sec etc.).
. “Wind Speed (m/sec).

He: Effective Stack Height

a; - Vertical Diffusion Parameter {m}
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Calm Condition: Simple Puff Formula

0, 1 1
CR2) =2 )y
@)%y 1g2 4@ (He-2)
_ . Y

2 . e
R*+ 2 (He+2)
H

a= Gx] t.'-"" Gy/t
Y= Ozl ¢
. - Duration Time

{7) - Effective Stack Estimation Formulae
Windy Condition: CONCAWE Formula

k]

H, =H,+0175:Q,% -u ¢

Hs:  Effective Stack Heighl {m)

Hp, Actual Stack Height {m)

Qu: Heal Emission (cal/s) _
v. Wind Speed at Stack Top (m/s)

Qy =p-C,-Q(T; - T,)

‘pr - Gas Density at 0°C {1.203 x 10° g/m®)
C,  lsopiestic Specific Heat (0.24 calPK/g)
Q: - Emisslon Gas Volume (m°N/s)

“Tg: - Emission Gas Temperature (°C)

Ta  Ambient Temperature (°C)
" Calm Condition: Briggs Formula {(Catm)

H, = H, +14-0,"* -(d0/d2)™

de/dz. Potential Temperature Gradient
{Daytime:0.005 °G/m, Nighttime: 0.010 °C/m) .



{8} NO, Conversion Model

Usually, simple chemical reaction models (Exponential Approximation Model or
‘Steady - State - Approximation  Model) or statistical - relationships of NO/NO,
(Statistical Modei)_,_are used to estimate NO; concentration. | However, the usual
models can not be used this timé because of no Oy measurement data and NO,
measurement at only one station In each region. Then, NOo/NO, ratios at NO,
monitoring stations in each region are used for estimation of NO, concentrations

(T: able 6.2.1)."
| 'I"z'jable 6.2.1 NO,/NO, Ratlos In Each Region
Power Plant " Station NOz/NOx'
@ . Jorge Lacerda | Capivari _0.54
Chargueadas DEPRE(C 0.75

Candiota Airport 0.64
{9)  Wind Speed Estimation at Stack Top -

© Wind speed at stack top is estimated by the following formula by ground level wind

speed.
o\ P
v, =U,-(?_i)
ZS
- Uys - Wind Speed at Stack Top (Height: Z m)
Us: ~ Wind Speed at Ground (Height: Z. m)
p: . Faclors for Wind Speed Coirection by Stability Class
{Table 6.2.2)
Table 6.2.2  Factors for Wind Speed Correction
Stbity . A ABB __BCGC _ CDD £ FaG
p 1 01 015 02 0.25 0.25 03
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{10) Relation between Stability Class and Diffusion Parameter -
" Generally, diffuision field at high altitude shifts to neutral and diffusion parameters
‘should be corect. Diffuslon parameters are related to stability classes as in

 Table 6.2.3 based on the accumulated experience in Japan (Appendix 6-3). -

 Table 623 Settings of Diffusion Parameters by Stability Classes

o StabilityClass] A 'AB B BC C- CD dD nD E ..F. G
Diffusion -] Winter/Day | € . G- C. €O CbD D:- D D E - E E
Parameters | Winter/Night |CD CD CD_D D D D D E 'E E
| Sommer/Day] C C C CO .CD DD D E. E E
SummerNighty ¢ C G CD co DD D E E E

(11) Calculation Points S | &

Concentrations were caleulated at the automated conlinuous moniloring stations
“and center points of each grid with 1 km spans inside 20 km from the power plants.
Number of calculation points were more than 1,200 for each"regibn. Calculation
"~ heights were defined as the height of the sampling holes at the monitoring stations,
and 1.5 m for the points at each grid.

6.2.2 Emission Source Mode}

Pollutant emission rate (SO,, NO,, and Dust), wet gas volurhe. and gas temperature were
based on the resuits of slack gas’ monitoring. ' If one of the parameters among gas
volumes, pollulant concentrations, and operation load at measurement is not measured or
regarded abnormal, the data set of the méasu_rement at the date are discarded. The
averages of the paramietérs were oblainad from the multiple measurements for the same
unit (Appendix 6-1). |

B

Hourly values of pollutants emission rates and wet gas voiurhes were oblained from the
conversion of the basic measuremen! dala with the ratios of hourly eleclncﬂy generatzon '
and the elecltricity generation at the time of the stack gas monllormg :
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Pollutant Emission Rate: - - : :
Qp=QpXCs XMW,/ MW,
Qe: - Pollutant Emission Rate at Each Hour
Qp:  Dry Gas Volume at Stack Gas Monitoring
Cg Pollutant Cbnc_e'nlrétion in Stack Gas
MW, i Elebiriciiy Generation at Each Hour
"MW, :  Eleciricity Generation at Stack Gas Monitoring
Wet Gas Volu m.e : 7
QW,, QW X MW,,/MW _
QW,, 1 Wel Gas Volume at Each Hour
QW,.: WetGas Volume at Stack Gas Monitoring
Mwh T Electncuty Generation at Each Hout
MW, : Electricity Generalion at Stack Gas Monitoring
Next, the averages by seasons and tlme zones were calculated for pollutant emission rate
and wet gas volume The averages of wet gas volumes were calculated for operation
hours, Frnally, Ihe emission parameters were compiled by each stack to which each uhit is

connected(Table 6.2.4).

Table 6.2.4{1) Emission Parameters (Jorge Lacerda)

Stack Code 1 1 Z 3

_ 4
‘Connected UNIT | Unit 1-4 5 6 7
Electricity Generation | (MWh), 232 . 1256 125 320
~ Stack Height ~(m) 150 100 100 200
" ‘Gas Temperature | ' (°C) '170.3| 1640{ 1655| '182.0
. Wet Gas Voulme - |(Ko®Nm) 6727 640.7| ~742.8| - 649.7
‘bust .. | Keh) | 2970} 3368 730| 104.4
80, - [ ®Nmy| 1137.1| 773.1f 9309 2396
‘NO, (m®Nm)|  1632| 179.2| 2231| 556
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Table 6.2.4(2) Emission Parameters (Charqueadas)

. Sf_.ack “Code

_ T

Connected UNIT: | - Unit | 1.4
Electricity Generation | (MWh). 72
‘Stack Height (m) - 62
Gas Températiire °C) -179.1
Wet Gas Voulme (Kmleh) 2944
Duist (Kg/hy 90.8
'S0, (®Nmy| 3068
NO, (m3th) 496

Table 6.2.4(3) Emission Parameters (Candiota)

Stack Code o _ _

' Connected UNIT - Unit 114 |
Electrlcl_ty Generation | (MWh) 446

Stack Height C (m) - - 150]
Gas Temperature C) | 1462
Wet Gas Voulme  |(Km®N/h)| 1683.2
Dust .. . (Kgm). | 12118
SO, - m®Nmy | 181838
- NO, @®Nhy | 3575

- Annual averages of wet gas volumes and pollulant em:ss:on rates are shownin Table 6.2.4,

but the averages by the seasons and the time zones’ were aciuaﬂy used for s1mula!ron
Unit IV { Unit 7 in Table 6.2.4) was operafed for a few months durmg farget year and
poliutant concentration and dry gas volume were eslnmaied from the dala of Unit 5 in Table
‘8. 2 4, because no measurement was conduc!ed for the new unit.

6.2.3 - Distribution of Annual Average Concentration

The maximum concentralion of the monitoring was 8.0 bpb at Vila Moema in Jorge Lacerda.
On the other hand, the maximum concentration of SO, annual average was calculated to be
8.5 ppb at WNW with the distance of around 4 km from the stacks in Jorge Lacerda The
concentration is lower than the Pimary Criteria (30.56 ppb) The Jorge Laoerda power plant -
can be said 1o be the major source of SO; |n the reg:on (Flgure 6.2. 1). The maximum.
calculated NO, concentrahon was 1 0 ppb and much lower than the cmena (53. 15 ppb} '
The monitored average “of NO, at Capwan was 57 ppb and the daumal change of the -
monitoring dala indicated the influence of automobiles. The influence from the power
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plant is considered to be minor {Figure 6.2.2). The maximumi SPM concentration
calculated was 2.2 ug/m® and much lower than the criteria (50 ug/m?. The power plant is
the minor pollutant source for SPM in the Jorge Lacerda region (Figure 6.2.3).

The maximum calculated concentration of SO, in Charqueadas was 3.1 ppb, and occurred |
at NNW and with the distances of around 3 km from the stack. The concentration is much
* lower than the ciiteria, bul about a half of the maximum concentration of the monitoring al
Arranca Toco, 6.1 ppb. Charqueadas plant is said to be a major poliutant source for SO,
in 1his region {Figure 6.2.4). The maximum calcutated concentrations of NO, and SPM
“were respeclively 0.4 ppb and 0.9 ug/m® (Figure 6.'2.5, Figure 6.2.6). '

' The maximum calculated concenlration of $O; was 1.5 ppb in Candiota al WSW and with
the distances of around 8 km from the stack. The concentration is low, but the stack may
be major poliution source for SO; because the measured concentration in the region
ranged 3 to 4 ppb (Figure 6.2.7). The maximum concentrations of NO, and SPM were

~ very low to be respectively 0.2 ppb and 1.0 ug/m®(Figure 6.2.8, Figure 6.2.9).
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6.3 Daily Averages and Hourly Values at Monitoring Station

'Daily average concentralions and hourly concentrations were calculated based on the
emission conditions and the meteorological conditions at the monitoring stations. The
" procedures to make emission parameters at each hours and dispersion formula and so on
for simulation were the same as for the annual average calculation.

The daily average concenlrations and the hourly concentrations were much lower than the
criteria as in Table 6.3.1.

The maximum value of SO, daily averages at Capivari was the highest, 43.3 ppb, and the
maximum value of NO, houry values at Vita Moema was the highest, 29 ppb. Both
stations locate in Jorge bacerda region. However, the maximum value o:f SPM daily
averages at Candiota Il in Candiota region was the highest, 20.3 1 g/m®. Shorl term
SPM concentrations at Candiota were higher than the ones in the other regions. Al of the
poliutant concentrations at Charqueadas were the lowest.

‘Table 6.3.1 Daily Average and Hourly Value at Monitoring Station

S0, NO;, | SPM

Daily | Hourly | Daily
Capivari . 43.3 24 109
Vila Moema 17.9 29 4.6
“{8a0 Bernardo 42,7 25 110
DEPREC 8.2 5 2.4
Jacui 5.4 6] 186
Arranca Toco 12.0 : 4 3.5
Airport 143 9 14.7
Candiota 111 - 19.0 9 20.3
Tres Lagoas 16.9 9 18.0
Standard 139.4 170.1 150.0
Unit (pb) | @pb) | (ug/m?)

6.4 Hourly Concentration Profile
6.4.1 Simutation Procedure
(1) Diffusion Formula

Downwind profiles of pollutant concentrations from the power stations were
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calculated at center line of plume with the following diffusion formuta conlaining
lateral diffusion parameter {0 ), and the height of the calcu!atlon poinis were set as
om, :

20.°

¥

Q W2
C(JC y,z)nm-cxp[— 4 ]'F

TS 2

20}

(2 + He)? } |

0 B 2
F= {exfp[_'.(z.z___gf)- ] +exp

c Poltutant Concentrahon at CaTcu!at:on Point
T (ppby mgimete) .
X: i Distance from Stack to Calculation Poml
in Downwind Direction (m)
Loy ' Lateral Distance from Genter Line of Plume (m)
zZ Height of Calcutation Poirit (m)
_ Qp_‘ Pollutanl Emission Rate (maNfsec, Kg]sec etc)

u Wind Speed (m/sec) |

He: Effective Stack Helght {m)
oy Lalerai_ Diffusion Parametes (m)
o;i  Vertical Diffusion Parameter (m)

(2)  Emission Parameter
Pollutant emmission and gas: volume - were calcblatéd”tmder'th'e conditions " of
“maximum Ioadmg (100 %) of all umts (Table 6.4.1). Gas 2emperatures were lhe

same as the ones for annual average calculation. All of the stacks al the power
plants were assumed at the samie position. _ : '
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Table 6.4.1(1) Gas Volume and Pollutant Emission under Maximum Loading

(Jorge Lacerda)

"~ Stack Code - . 1. 2 | 3 4

- Connected UNIT ~Unit c1.4 5 - 6 i
Electricity Generation | (MWh) 232 125 125 320
© Wet Gas Voulme  |(m®N/m)| 15298 7856 884.8| 11262
Dust Kgm) | 6799 5620 1089] 1025.1
S0, ®Nmy | 2607.9] 1290.1| 1388.3| 2353.2
‘NO, a®Nm) | 3156 | 29911 3327] 5456

Table 6. 4 1(2) Gas Volume and Pollutant Emission under Maximum Loading

(Charqueadas)
. Stac_':k Cod_e e 1
- Connected UNIT. | Unit 14
Electricity Generation | (MWh) -2
Wet Gas Voulme  |(Km®Nm)] 56271
‘ " Dust (Kg/h): 173.5
S0, (m’Nh)| 5866
NO, (m®N/h) 179.2

Table 6.4.1(3) Gas Volume and Pollutant Emission under Maximum Loading

* (Candiota)

. Stack Code 1
Connected UNIT . Unit | 14
Electnmty_ Generation | (MWh) 446

Wet Gas Voulme - |(Km®N/b)|  4859.6
Dust Kam) | 38389
80, (m®*N/my ] 61475
T 'NO, 1 ®Nmyl 11353

@) Meteoro!ogiéa!'Qon{!i{idn-

MeteoroToglcaE condntaons at slack top were sel consndering the settmgs for annual average
Simutation (Table 6, 4 2) : :
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“Table 6.4.2 - Meteorolo"gic"al Conditioﬁs for Hoﬁrly Profiles

Diftusion T _'Wi.n'd Speed

Parameter] 1.0m/s | 2.0m/s | 3.0m/s | 5.0m/s | 7.0m/s |- 9.0m/s
| -G O OO — ==
. CD O O O O O 1 0
- D O QO O O O e
B o | O 0 - ol =

642 HéuﬂyConéentfation:Prbfilé

All maximum concentrations were calculated under the conditions of stability C.and 3.0 mfs
of wind speed. SO, maximumn concentration was the highest among others ‘at Jorge
Lacerda to be 152 ppb. There is no standard for SO, houriy concentration in the national
air quality regutation and its standard for 24 hours average is 1394 ppb. The calculated
maximurm may be not proﬁlematfc bebaqéé hourly values is generally higher than the one
for 24 hotirs average. As an example, hourly and daily standards for SO, are 100 ppb and
40 ppb, and the hourly standard is 2.5 times higher than the daily one.

The calculated NO; and SPM maximum concentrations were also the highest among others
at Jorge Lacerda to be fespectively 32 ppb and 45 u g/m®. The calculated NO,
concentrations were much lower the national standard for ho'urly:NOz“of' 170.1." The
calculated SPM was lower than the national standard for 24 hours average of SPM (Table
6.4.3).

- Table 6.4.3 Maximum Concentration on Profile
.| Power Plant | Item [Maximum [Distance
Jorge Lacerda] SO, | "152ppb ‘| 5.9km

| NO, | 32ppb | 5.7km
] sPM | 45l 6.1km |
Charqueadas] SO, | .4lppb | 3.6km |
NO, | 7ppb | 3.6km
| sPM | 12xgm®| 3.6km
Candiota- { SO% | '68pph ] 10.1km | -
: NO, | “1lpph | 10.1km |
_SPM | 864 g/m’ | 10.1km

The profiles of the pollutants at the stations with the maximum concentrations are -
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shown in Figure 6.4.1 to Figure 6.4.9. The primary and secondary national criteria
for each poliutant are shown logether for comparison. In the case of no hourly
criteria, reference values were made from daily criteria with correclion factars, ratios of
hourly standard/daily slaridard for the same poliutant in Japan. The profiles under
the other conditions are included in Appendix 6-2,

6.5 Effect of Power Plant on Air Quality

~ The power plants are the major emission sources for SO; in all regions, and especially at

“Jorge Lacerda. Although nothing seriouss al present, there Is a future possibility of SO,
poliution in the Jorge Lacerda region, depending on the expansion of the power plant or any

other SO; sources.

“The influences from the power plants to NO; and SPM concentrations were small in all
regions and the measured concenlrations were also fow.

24 hours concentralions of TSP at Capivari exceeded the national standard as in Chapter 4.
However, the contribution from the power plant is low.
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CHAPTER7 FUTURE AIR QUALITY ESTIMATION
7.4 Expansion of Coal Power Plants
- 7.1.4 Planned Location

ELETROSUL and CEEE have their éxpansion plans of generation capacily by instaliing
- new coal power plants.

ELETROSUL has constructed Unit IV of the Jorge tacerda Pranl directly adjacent to the
southeast of the existing unns, and put it into Operatlon in January, 1997. ELETROSUIL.
is also constructing the Jacii Power Plant at a distance of about 5 km, east of the
Charqueadas Plant. However, ils construcllon has been suspended from 1991, A boiler
and turbine, eétc. have been purchased (made in 1989) and afe stored in a warehouse in

the premises.

CEEE had purchased required equipment for construction of Unit lil of the Candiota
Plant and will start its construction targetting 10 be in operation in the year of 2003. The
Candiota lil unit will be localed directly to the north of the existing Candiota Il A and 8
units. CEEE canceled the 'exfpansion' plan of five more units of 350 MW in the Candiota
plant, although six urits of 350MW (total 2,100MW) were originally planned at a distance
of about 2km, southeast of the éxisting plant.

7.1.2 Specification of Expanslon Units

. The facilities of planned units are deécribed in Table 7.1.1. Electrostatic precipitators will

@ be installed at ali expansmn units for the pollution control measures. Low-NOx bumners
are employed al the expanded Jorge Lacerda IV and it is uncerlain that any other
pollution control facilities are_employed at the Jacui and Candiota 1Il units.

Thie construction project of the Jacéi and Candiota lil is expecled to be considerably
behind the schedule owing to shortage. of funds, negotiations with the State
Governments and States’ Eﬁvironmén‘_l Foundations (FATMA and FEPAM) in respect of
poliutant emission conlrol, elc. as well as behind in intr'oduc't'i_}on of private funds.
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7.2 Simulation of Future Air Quality -

7.2.1 Condition of Simulation

- Thé emission limits of the agrésments with the states were applied to simulating the future

air qualities.

The agreement for Jorge Lacerda limit the SO, amount from the consumption of the
2.2 % sulfur coal at rated load. However, the utilizing rate of the plant was around 50 %
and sulfur contents of the used coal were below 2.2 %. It has been assumed that the
agreement with the state has no mﬂuence to the current emrssron conditions and pollutant
ooncentratlons from the stack are the same as the current ones. - Unit IV starled from

January, 1997 will be opérated for full years in the future.

Pollutant concentratnon llmtts are determmed for Dust, SOx. and NOx frormn the existing
Charqueadas plant and the planned Jacur p!ant Pollutant concentrations will be reduced
to the limits of the dgreement, and the estimation of emission amounts in the future is
changed accord:ngly Although the poltutant ooncentratlons limits aré defined at 6 % O,
the exisiing unrts will be operated at current actual O, concentrations. The limited
concentrations values are p_onverted 10 the ones a__t the actual O, concentiations. The new
plant wilt be opérated at 6 % O, Gas volume arid gas lemperature are obtained from the
design specifications. ' ' ' :

The fimited concentration ior NO is defined in mg/m3 unit, and converted in ppm unit, by
assummg NOy as’ NO Th|s assumptnon rs ‘more reasonable and indicates the highest
emission within the fieait, -

For Candiota, pollutant concentrations fimils are afso set for Dust, SO,, and NOj from the
existing and the planned Units. Dusl concentration for the existing units and NO

~ concentrations for the planned units are not determined and these concentrations are

assumed as same to the é‘urreht ones. The existing units will be operated at the current
actual 0, concentratrons and the ptanned units 'at 6 % O,

The flue gas temperature of a!l the umts havmg FGD mstalled is assumed to be 100 C.

- The poltutant ooncentratuons and gas volume in the fulure are shown in Appendix 7-1.
Meteorologtcat condrtlens are the same as the current ongs,
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7.2.2 Distribution of Annual Average Concentration
(1)  Emission Paramelers
The parameters of the power plants are shown in Table 7.2.1

~ Table 7.2.4(1) Emission Parameter (Future, Jorge Lacerda)

- Stack Code _ ] 4
- Connected UNIT Unit- | . °7 .
Electricity Generation | (MWh) 320]
. Stack Height (m) | . 200] .
Gas Temperature | (C) 1920
Wet Gas Voulme (Km_leh)ﬂ_ 6055
Dust : (Kg/h) 66111 - . T
80, ' (n°Nm) | 1265.0 &
 NO, | m®Nim) | 293.3 ' '

Note: Unit 1-6 will be the samé as the ones at current

Table ?.2.1(2) Emiésidn_ Pa'rar_hete_r (F;ituré, Charcﬁqeéqasidacuij

PQWerlijl_ant _ _|Charqueadas]  Jacui .

" Stack Code S D D

- -Conneéted UNIT - Unit 14 X

Electricity Generation | (MWh) 72 320 .

.~ Stack Height () 62 | 200

Gas Temperature c) | 1000 100.0

Wet Gas Voulme - |Km®Nm)| 2944 | - 647.0
Dust - | @em) |- 180 | s29. |

80, - | ’Nmy | 816 | 3108

NO, | @Nm){ 496 300.6

Table 7.2.1(3) Emission Parameter (Future, Candiota)

'St.ac.;k'.().ode T 1 l '_._2

- Connected UNIT * _I‘J_l_u_t 4l 5 )
Electricity Generation | (MWh) | - -~ 446] 320
Stack Height - () 150 230
Gas Temperature | (C) | 1000]| 1000]
* Wet Gas Voulme ~ |(Km*N/h)] '1683.21 ~ 470.3
- Dust - .(Kg/h) § 1063.04% - 1019
sO, . |m®Nmy| 487.2{ 2692
NO, | @®Nmy| 3305 1720}

TR



©

Estimated Diskibution of Annual Average Concentration

in the Jorge Lacerda region, the calculated maximum concentration of SO; annual
averago is Increased to 10.0 ppb from 8.5 ppb of the cument conditions. The
position with the maximum concentration is the same as the current one. S0,
concentration will be below tho criteria even afier the expansion and one year

_operation of Uil IV (Figure 7.2.1). The maximum concenlration of NO, and SPM

will increasa to 1.2 ppb and 2.9 ug/m® respectively, and they will not be the problem
as well as not at present (Figure 7.2.2, Figure 7.2.3).

The Jacul 'pl'an't will be constructed in the future in addition ‘to the existing -

" Charqueadas piant. However, the maximum concentration of SO, will be reduced

to 1.4 ppb from 3.1 ppb under the current conditions becausé of the agieement for
both of the plants (Figure 7.2.4). Because the emission limits for NO is higher
than the current emission concentrations, NO, concentrations will increase to 1.2
ppb by conslruction of the Jacui plant, but it will not violate the national criteria
(Figure 7.2,5). SPM concentration will be reduced to 0.5 ug/m® (Figure 7.2.6).

In the Candiota region, the maximurn SO, concentration will be reduced to 0.8 ppb
from 1.5 ppb under the current conditions even after the expansion of Candiota Ill
because the agreement is set for both of the existing and the planned units (Figure
7.2.7). NO; and SPM concenirations will increase to 0.4 ppb and 1.3 ug/m®, not
exceeding the nalional criteria (Figure 7.2.8, Figure 7.2.9).
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7.2.3 Daily Averages and Hourly Values at Monitoring Stations

Estimation procedure of emission paramelers is the same as the one for the annual
average simulation. Also simulation procedure is the same as the one under the current
conditions. -

The maximum value of SO, daily averages within the 9 stations in the future is calculated
at Capivari as the same under the current condition.  The value increases from 43.3 ppb
of the current to 64.7 ppb in the future, because of the assumed continuous operations of
the new unit.

The maximum value of NO; hourly values is 33 ppb at Vila Moema within the 9 stations in
the future under the current condition. Howaver, the values at Capivari and Vila Moema,
dnd at Jacui and DEPREC in the Charqueadas area are almost in the same levet in the
fulure,

The maximum value of SPM daily averages is calculated at Canidota Ill within the 9
stations in the future in Candiola area as the same in the current condition, and the value

increase from 20.3 ¢ g/m® of the current to 37.5 1 g/m®in the fulure.

Some of the calculated concentrations al ¢ertain stations will increase. However, they are
lower than the national ambient air standards (Table 7.2.2).

Table 7.2.2 Daily Average and Hourly Value at Monitoring Station (Future)

- 80, NG, SPM
: - ] Daily | Hourly | Daily
- Capivari - 64.7 "33 19.3
Vila Moema 26.0| 28 8.6
Sao Beinardof - 43.7 . 25 11:4
"DEPREC T 59 2.3
Jaemi "14.8 33| 40
Arranca Toco 62 21 .20
Airport 6.7 18] 249
Candiota 111 105 18 37.5
Tres Lagoas 7.6 .18 28.3
Standard 139.4 170.1 150.0
Unit (ppb) | (epb) | (ug/m®)




7.2.4  Houtly Concentration Profile

Most of simulation procedures are the same as the ones under the ciirrent conditions,
except that the Jacui plant was placed at around 4.7 km faf from the Charqueadas plant.
Downwind direction is assumed from Jacui to Charqueadas.

Emission conditions of Charqueadas, Jacul, and Candiota at the maximum load in the
{future aré included in Appendix 7-2. Because emission conditions at the fmaximum load
never change for the future case at the Jorge Lacerda ptant {the emissions from the new
plant was included in the last part of the Study), the calculated maximum concentrations

are the same. Although alf maximum concentrations at all threé Tegions were resulted

under the conditions of stability C ahd-36 m/s of wind speed, the maximum calculated
concentration for the Chargueadas and Jacui region was resulted under the conditions of
stability C and 2.0 m,fs of wind speed

As in Table 7.2.3, SO, and NO, concenlrations will be the top of the three at Jorge Lacerda
in the future. SPM concentration at Candiota will increase and be the top of the thiee.

However, all the concéntrations will be under the national criteria. -

Table 7.2.3 Maximum Concentration on Profile (Future)

Power Plant | = Item [Maximum |Distance
Morge Lacerda] - SO3 | 152ppb | 5.9km
NO, 32ppb | 5.7km
o | 'SPM | 4bughn®| 6.1km
Charqueadas| . SO3 | 25ppb | 7.9km
o | 'NO,. 28ppb '8.0km
SPM | 9ugim® | 81km,
Candiota S0, | 36pph | 7.6km
E NO, | 25ppb | 7.7km
SPM | 47ng/m®| 83km

The profiles of the poliutants al the statnons with the maxamum ooncenlranons are shownin
Figure 7.2. 10 1o Flgure 7.2.15. The prof:les under the other conditions are included in
Appendix 7-3. ' - : o
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725 Evaluation of Future Alr Quality

“The impact from the power planis to annual average concentration Is estimated as 10ppb
arid is lower than the standard {30.56 ppb). However, there is a possibility of exceeding
the national standarg of SO, coricentrations in the Jorge Lacerda region, because of the
contributions from the other pollutant sources. Therefore, the amblenml air quality
mdnitoring should be continued.

' “Although the expansion plans of Jacui and Candiota {I} are relatively large ones, the

'égréemehts were set for both of the existing and the planned planis. As far as the
~ agreements are obs‘er?‘e_d.’ no problem would happen even afler the expansion, according
t0.the simulation. ‘Implementation of the countermeasure to satisty the agreemehl are
very importént '

R BT



He Cmax ~ Xmax

us= 1.0mfs : X . .

0.500, : - - . :
0.4500 - - - - - - R R L i EEELEEREE
ST o IR T A S ;:L"___;‘;_7;‘_’;-.-____'_'_:__r'_'___’-qv,
0350 e . SR T _
q.soor———----—3—-—---—--5-'~-':-.-.~----'-----—ﬁ—-e—' ------ : t_'—;_~¢',—'_-~;--'--
0.250F - - -~ - == --- - R T R
0 200f - = - - = - m = e mmim s — o salemeeaso-eeoo BT
0.150F - - - - ~- - - - --f-=-dm-— oo mm - - B i IR e
042000 e sms oot e e e e e ~
0.050~—-ﬂ~~-~'~%--j".f--4€:1-r_7__7‘-:-_-.—_.7;'"""_'.";'f"_j"“,;-f—_-—:--r‘--—j-i

) 5 1o s 20 25 30

Downwind Distance (km)
. "He Cmax Xmax

(ppm) :"’5212215‘3 Ni" .5{!;)' '{Ef;?; (?-n; TYTE
0.50 : : - - e
I 11 S e R A —
0. 400 - - — -~ - - - to- oo I R I
9.35 : > | .
01300 - -~ - oo SRR e REEEEEEE
0,250 - -~ -~ - -~ e ae oo - lmm e —— oo bem oo S ———
Y e e A —
I L e e L b TP,
O N S S S .
R St Tt el R T

o 5 io 15 20 25 30

Downwind Distance (km)

e o
i - ‘ ‘ ' -023 7.2 CHARGJIACU
0,450 — - " ----f-------~qf--- - - e e ER
R EEEETEEEE FEPPPEEE R et
0.35 : ; I : ;
0,300 - - - - - -~ - oo -o o mdo oo e e - - o e e s e
o.zso—-————-——7-————————?—-———-———: ————————— o m e le Y
0.200 - -~ - - -t . )
PP S S L I U
ST SR T SO A - NS |
T S J e Py

° 3 10 15 20 25 30

Downiwind Di_sta_nce (km}
CONCAWE & Plume (S02)
Figure 7.2.10 Hourly Co'riceh't.ra_tion Profite
(Charqueadas, Fulure, SO,)
718 -




. . . He Cmax Koax
: u= -1.0m/s
4 ¥O. {m}__ (ppm) (Xm) e
{ppm) PG-Class:C - - 1 726 .027 10,4 CHARGJACU

_ 20 " 30
Downwind Distance {km)

i 2.0m/8 He Cmax  Xmax
{ppm) R : NO. _ {m)  (ppm)  (Km}
0. 200 PG-Class:C 1L s .028 £.0 CHARZJACU

0.1B0 - -~ - -~ ~-f~-~=-< R = m e T L LTIy
L 11 i T i jmm—mmmm - R - 1
0. 040 —~ - - - - - - fo oo e - - - - e e - - e T
0.320 — — — = = — = 2 e e e a e e A e L u..-..«:...-..--—-\,‘-——'-—-'— ——————
0.10 _ '

T e e e i
0uOBOF ~ - = - - - rom e — oo S PR P A
0,040k — - - o b e e — - T

Downwind bistance (km)

(pomy .. Lo 3-08/s. L |  mo.  tm)  (pom) (¥my .
0. 201 PG'C"E‘S”'I‘C_ 1 .026 7.3 CHARGIACU
0180 - m xS e m e S S A Doiino o]
0.160- -~ - -~~~ R et e mmmee—es e
0.040F =~ = —~wm-bla el ____
S 0.120k - - - - - - - Lo e e e
0. 100~ - '

0.080) .
'0.060
'oﬁoqo
0.020

(R B T 15T ) 5 o
: : . . Downwind Pistance (km)
CONCAWE & Plume (N02) |
| Figure 7211 Houfiy Concentsation Profite
L (Charqué_a_daé, Future, NO,)
“-19



e 1.0 . He Cmax  ¥max

(mg/m3)  anoiomE - NO._ (m) (mg/md) (Km) . . ___
) PG-Class:C o 1 726 . .008 '10.4 CHAREJACU

0.50 . - . : . —

(1] 5 . 1¢ 1s .. 20 25 30
: Downwind Distance {(km)

- u= 2.0m/s _ He  Cmax = Xmax.
(mg/m3)  pgiclass:c o 'y 5{?) (mgég‘;)f'('gmiricmwncd
0.50 _ —— . e Akt ST _
0..450—__"_"""'—;""-*———‘—;J'——-—-»‘-i—-——i——' —————— et e o T o e -
0. 400~~~ -~ - - - -t RS R EEE L E T
R R e I e e e el o]
0.30 : . '
0,250 = — =< -~ n e R :-_--'--..-a;___--—_;—f—---.----;-
L2 e I P R L T LT T S
0150 - =« = - - - Fmcemmmm g m o~ — e e o oo e m e e oo oo
0100 - -~~~ - - b j 1 :

0.050F - -------Lo o __ oL T R Lo

(1] 5 10 15 20 : 25 30
bBownwind Pistance (km)

(He . Cmax, Xmax _
1 431 -.008 7.3 CHAR&JACU

us B;Omls B
(mg/m3) - pg.class:C
0.50 e

0.450 : X
0.400 _ :
0.350 ;
0.390,

0) N 0 15 . 20 25 30
“Downwind Distdnce (km)

CONCAWE & Plune (DUSt_)"

* Figure 7.2.12 . Hourly Concentration Profile

' ' ~ (Charqueadas, Future, SPM) -
720 .



He Cmax ¥max

u= 1.6n/s
; R : NO. _(m) dppm) {Km) _ . . . .
(op;;:_noi . PG-Class:C 1 782 .033 14.3 UNIT-ALL
I LT R T I LR
0.400F - - - - - - - e e i oo oo R e R
0.35 j i
0.300F - - —— - - - - e eaee oo oo oo e T it I .
0.250F — - - - - - - s e s s iomoaeaa e i AT
0200 -~ - - - - - oo m o m oo i I
L B i I R
T | S, - mas e e en . .
0.050F -~ - - - - G- --Sioooeoso - At oo e IR
o 5 1o s 20 25 30
Pownwind DPistance (km)
L He  Cmax  Xmax
(pp) u- 2.9m/s No.  (m) (ppm) _{Kn)
0. 500 PG-Class:C _ L 558 .036 9.5 UNIT-ALL
0450 - = = S mmmm g e e e e Ao T R — Fmm e o
P t ] | )
0,400 - -~ - - el I R I
0.35 : : :
D300 — - = - - mmm e s e e e i I
. i 1 ! ]
0.250- - - - -~ - - - L T R e im == = e s — — - - o g
1 ' .
0.200"’___""'-"7'*"‘"““‘“"3 _________ - === - === it T T T s s s - T = = =1
0,150 -~ = - - - -~ S i R R g
0,100 e e m = = = n l oo - e e e oo e o e e o - A L P .
0.050r ~ === ----bo--oooo - R S P M —
% ' SN 10 15 20 25 30
Downwind Distance (km)
d= 3.0mfs He Cmax  Xmax
: - Rt o g NO. {m) {ppm} . (Km}
:)pp:;' .., PG:Class:C ' : 1 472 .035 7.6 UNIT-ALL
H 1 1 l
Q4500 — = == =~ = =t e o e oo e e e
R R EECEEE EEEEEEEES R e S RERTES
0035 b 1 ] ¥ 1
1 Ll 1 ] 1
0,300 — - = -~ - - oLl e I
. 1 1 i [
0,250 - - - - - — -+ -------- I - m - - - R I
t t i
0.2000 -~ -~ - -~ - g e e e mm e m—— e - m—mm e m I
0. 450 - =< e g R fm e e P
R e e ot s e e
S R ST B b m m e = m e LUV PO U
0.05 - el By - , -
0 - 5 10 s 20 25 ~ 30

‘ . bownwind Distance (km)
CONCAWE & Plume (S02) -
ﬁiguré 7.2143. _Houriy Concentration Profile
. {Candlota, Future, SO,
7-21



. He Cmax  —~ Xmax

(opm) u= 1.0m/s _ NO.__ (m)__ {ppm) (Km) .

PP PG-Class:C - 1 782 .02214.6 UNIT-ALL
0.20 ' ‘ S
9.180

0.02

20
‘Downwind Distance (km)

He  Cmax . Xmax

(ppm} u-. 2-onfs NO. . {m)  {ppm} (Km) e
: PG-Class:C 1 358 .025 ° 9.6 UNIT-AL
0.20 - - ; : ——
3 4 C § . P I . ) r . . -
0180 - - - - - - - - - - - - - — gt m - — - Petelinintnthelinti e e
B i . ] .

Downwind Distance {(km}

3.0m/ . He  Crax = Xmax
(96 poclassic NO.  (m)  (pem) (Xm) .
o FG-Class:C 1 472 025 7.7 UNIT-ALL

_5‘“‘oownwzpd DPistance (km)
CONCAWE & Plume (NO2) -
“Figure 7.2.14" Hourly Concentration Profile

(Candiota, Future, NO,)
722



He Cmax  Xmax

u="1,0m/s ;
: o NO, _ (m}  _(mg/m3) {(Kmd _ .
{mg/m3) PG-Class:C 1 782 038 16.9 UNIT-ALL
0.50 : -
12 fe e
0.400F < -~ -~ - - - - Lo T I
0,380 ~ - - - - e ieaeeanoe oo B L L T CE LTI
0.30 - :
0,250 =+ - mmowom m o oo i o oo oo oo T ey
L e i R I
01501 — = = = e om o mm o m oo m oD o e oo o B e - L
0. 100 ~ - == m = - m - - oo oo oo e e e o - e
B L T i S R e R
o _ . ‘ . ‘ :
0 3 10 15 20 25 30
Pownwind Distance {km)
us 2.0m/s :He Cmax_k Xmax
(mg/n3) . NO. (m) : {(mg/m3} {Km)
e PG-Class:C : 1 558 .044 10.6 UNIT-ALL
0.500— : . — : -
0. 4501 = - — = 2 - - e ol A N —
0.400F - - - - - —--to- oo -do oo R T I
03500 -~ = - - - - -t e oo oo Lo
0.30 : :
H ? ?
0.250F -~ - - - - - - e B emm e m e e e et o m oo mme oo
i ¥ 1 )
0.2000 -~~~ - - —- e mmem e mm——— - — o T
0150 - - ——— = o p o - mm e - Qe - i
0.100F - - -~ - - n - pee—— oo m o d e R et .
°°5°"'”"“%"““"‘*’*1—“—“-:::_-';;,:_;_-_—': “““““ Pt
G - » . 1 I. -
() 5 10 15 20 25 30
Downwind Distance {(km)
%% _ us 3.0m/s He Crmax  Xmax
U3 NO. __(m) _(mg/m3) (Km) _
3 NO. )
{mg/m3) " pg.crass:c 1 472 .047 - 8.3 UNIT-ALL
0.50 : : , ; ;
0,450 - - ~ - e i - e T
0400 <~~~ - -t R PR R
R L e R T
0.30 . : :
. t i 1 e
o.250 - - - - - — "= S e — - - o
. 1 ) i
o_qu__--_____,i““__,___ ——————————————————————————— Fmmm o e =]
L T Y
0,100 - - - - wmm oo m e e e el e ]
O-OSO-""—-"‘""-:' ----- -=1—=—=—-:—:_—._:_—_:__:_‘ ------------ R il e R 1
o g 0 T 3 30 25 30

_ Pownwind Dlstance (km}
| CONCAWE & Plume (Dust)
Figure 7.2.15 Hourly Concentration Profite
. {Candiota, Future, SPM)
7-23






CHAPTER 8 RECOMMENDATION FOR AIR CONTROL MEASURES

8.1 Preface

_' Efecirostatic precipitators are instatled in the three existing power plants as the air poliution

control measure. However, any facility other than that, such as flue gas desulfurization or
- denitrification is not installed. The flue gas to the air contains highly concenirated particulate
and SQ;.

" Nevertheless, according to the results of the air quality monitoring, daily mean and monthly
meén concentrations of SO , anid NOy in the sur_rou‘nding areas of these three power plants
were extremeély low, never exceeding the national air quality standards for one year
monilofing, while sometimes si_i'g'htly pr'edorhinénl' concentration is recorded sometimes in
the leeward area. Daily mean concentration of TSP also maintained low. These are
because that (a) the 'emiSSion gas volume from the power planis is a comparatively litlle, (b)
there are very few stationary emission sotrces near the power plants, excepting the

existence of some residences, iron works and cement plants, and (¢) their surrounding

environment consists of farm and paéture land with lush green. Only, the surrounding areas
*of the Charqueadas p!ant were visibly rmpacled by the particulate dispersion from the nearby

jron works. ' '

There are the 350 MW espansion plan in each power plant of the three. In order to obtain
operational permissions of these expansion units, ELETROSUL and CEEE concluded |
agréements with the respective State_:_:FATMAjahd FEPAM. The Jorge Lacerda plant as a
whole has to use coal with sulfur at'the same as or smaller than the amount of SO,
generated when ¢oal with the 2.2% of sulfur content is combusted at the raled capacity. The
Charqueadas and ‘Candiola exlstmg umts ‘have to reduce 802. NOx and particulale

~emissions from the present rates Also ELETROSUL has promised to completely cooperate
wrth the State in the Pono Alegre Metropolrtan Area air monitoring project, because the
Charqueadas and Jacui plants are in the reglon CEEE does the same in relation to the
Sao Jeronimo Power Fl_ant in lhe regron:.

As mentioned above FATMA and FEPAM take various kinds of measures to aim at
prevention of air environment polluuon RHis expected that regulation wili be tightened more
and more. Furthermore itis consrdered that citizens' interest in matters on environmental

: protectrorr will continue to be i increasing.
“Itis common to all poWer' plants 'lh:a.l residual oxygen concentration in flue gas is high and
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toss of heat Is farge. ' Improving thermat efficiency indirectly cuts down consumptson of fuel
coal and, as a tesult, enables the reduction of SO, and pamcula{e-emiss{ons As the
amount of NO, generated varies depending on condition of combustton and mtrogen
contents in coal, continuous momtormg of NO, and rmplementatlon of combusllon ‘contro!
are required. ' R '

‘Under these background, it is riccessary to strengthén environmental contro! fadilities in the
power plants and to improve and continue monitoring of flue gas and environmental dir
: quahty in the surroundlng aréa of the plants

8.2 Air Pollu'tio'n Control at Po».iier Plants in Geheralf

Generaily, air poliutlon control measures taken at thermal power plants can foughly be £
- classified into three categm:es i@ fual facmty and operahon measures. - These three

-’measures are integrated to work together as the best way. The outline of air pollution control

measures i$ as shown in Figure 8.2,1. |

| Air poltution oontrol measures |

[ FoctMeasures | [ Faciity Measures |- : [Cpsrstonat Measures]

Use of hsgh quahty - § |Instaltation of gas
A fuels ©  |cesulfurization fachities |
.............. VNNRTREAN B |
| use of NG | [mprovementor :
N Crude oit firing - oombu’sﬁonmemods_ .+ [thexeughgoing
 Use _0f|_§9ht0ﬂ$ B 3 ' cbmbUsﬁonoontrol.
- Use of high quality. [Boder] : . Jmonitoring of
coal ' 'Ftuegasrearmﬁabon e po!!ubon sourm‘elc
- Usa of low-sulfur . | | Two:stage combustion o e
fielot . | F Low-NOxbumer
Adoption of fumace
denitrification technique
Installation of fue gas | -
denrificaton facities |
' lns!aflaﬁoﬂiol! ; R
-| glectrostatic precipiators| . |

Figure 8.21 Outfine of Air Pollution Control Measufes at Thérmal Power Plants
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" Sometimes, tall, centralized and narrowed-top smokestacks, which can serve diffusing flue
gés at the u'pper air, are erhployed as a part oi the faciility measures in order to increase the
diffusion effect of flue gas, so that the effects of these potlutants on the surrounding

' en\nronment canbe reduced.

Upon decision and implementation of air pollution controt plans for thermal power plants, the
important factors to be examined are, particularly in the case of existing facilities, availability
of installation space, the number of years of operation, difficulty of modification woik,
construction process elc. as well as economic burden in the general cases, and. naturally
emission standards of flue gas and possible influence on surrounding air enviionmem.

For reference, individual"_measmes for control of particutate, NOx; and SO, ernissions are
summarized in Appendix 8.1. '

8.3 Recommendation for Individual Plants
8.3.1. Basis of Recommendations . | -

The agreements with FATMA and FEPAM will govern emission control of the power plants in

Santa Catarina and Rio Grande Do Sul, in addition to the national emission standards (to be

- applied to facilities newiy constructed). _FATMA and FEPAM recognize the thermal electric

power plants as a pollutiqﬁ "sourc_e and have an intention of taking measures for preservation

* of air quality by édopt_ing emission p’em%issidn rates based on evaluation of EIA (RIMA) of new
facilities.

Table 8.3.6 at the last page of this Seclion 8.3 summarizes recommendations for control of
flue gas for existing and new facilities at each power plant.

' 8.3.2 Measures for Existing Facilities

"For the existing facilities, following various conditions were taken into considerations for
planning of facility measures for environmental preservation:

- Local coat should be used as fuel. |
‘The annval use rate s around 32% - 67%.
in some mslaliahons ra!ed oulpul is d:ff cult lo be mamtalned
§ Some installations are under severe de{enorahon
Space between' a bo:!er and a smokestack is not enough to mstall facmnes for
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desulfurization and denrtnﬁcatron

installation of such facrlrtres above will accompany large-scaled reconslructron :
Output capacities are relatrvely small and influence on the ambient air s little.
There are only a few large-sized fixed sources other than the power plants.-

@ ee-@-

The surrorrndrng ambient air quality is below the national standards.

(1 Jorge Lacerda Unilts (No.1-No.g)

1) Measures for Dust Emissien Cent'rol

As the result of me'asu're.ment of flue gas, the concentrations of dl.'r'st' in flue gas were 265

- 1,261 in the Jorge Lacerda. existing unils, The TSP qualrty in the surroundrng _
environment is lower than the national envirohmental standard except at Capwarr which

seems not to be caused by the power p!ant. There wili be little influence in the future
from the plant, and the facilities are relatively old with 20 - 30 years passing ‘aﬂe‘r start of
operation. It is desirable 0 strengthen operational measures such as: repair of the
present facilities, maintenance management, combustion control (for example by means
of an operational marnlenance management manual etc) rather than reconstruction or
installation of EP. - o '

'fh‘ough EP's collection efficiency is 99% or more in the specifications; it is found that its

performance seems to be deteriorated. = Therefore, it is necessary ‘to. conduct
performance tests of EP (measuring dust concentration at a inlet and a outlet’ of EP) so
as to grasp ils actual performance and combustion condrllons. and then to take pr_oper
operational measures. ' ' | '

2) Measures for Control of Nitrogen Oxide (NO,) Emissions
As the result of measurement of flue gas; the concent'ratidﬁe:o'f NOX (NO} in ﬁ'ri'e‘. gas

were 264 - 750 ma/mN in the units. - As any emrssron standard is not applied and there
‘is litle infiuence on the surroundmg envrronment measwes are not requrred

3) Measures for Control of Sulfur Qxide(SO,) Emi'ssibh_s

FATMA indicated condition for operation permrssron of the Jorge Lacerda Plant that the
total amount of SO, generated from the whole ‘plant (at the rated outpul) should bé the ..
same as of smaller than the amount generaled when ¢oal with the 2.2% of squur content -
is combusted. ' ' :
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Table 8.3.1 Permissible SO}, Emlssion from Jorge Lacerda Plant

Power plant Amount of coal Water% Sulfur% Amount of SO,
L | rated output (th))- | - | emission{t/n)
Jorge | Existing | = 278.32 average b 1128
Lacerda v - 185.00 - 8 7.6

Total . 463.32 8 .22 18.76

. Table 8.3.1 shows trial calcutation of the amount of SC; generated under the FATMA
agreement. . . According to the agreement, 18.76 tonsfhr of 80, ‘emission is the
maximum alloWabIé rate at the whole Jorge Lacerda plant. If the new unit iV'is in full
-operation) w:th 2.2% sulfur coal, the remanmng exustlng units are allowed to emit 11.26
7lonslhr of SO; The maximum of the totai measured SO; em;ss:on rales of the existing

- units (Appendix 5-2) is __12.2 tons/hr whlch is equivalent to 2.38% sulfur in coal_ at the full

capacity.

As the ELETROSUL plans to purchase coal with the S content of 1.8 - 2.3% from local
coal mines over a long period, itis considered proper to_co_ntinua careful attention on the
sulfur contents and the generating capacity not to excead the SO, emission agreement.

() Charqueadas_uhité (No.1 - No.4)
- 1) Measures Dust Emission Control

As the result of measu'remeht of flue gas, the concentratioris of dust in flue gas were 81 -
1,081 mg/m3N. Though national emsssmn slandards are not apphed for a while, the
émission values agreed wnth the stale, 80 mglm'a‘N shall be observed by the
_ Charqueadas Plant from 2005.. ' For the due time, it Is necessary to strengthen
_ operauonal measures similar to the case of the existing facilities at the Jorge Lacerda
APIant and to confirm lhal EP’s collection eﬁ"czency is mamtamed as Specsﬁcahons by

R cgnduc_tmg perform_ance tests.

- For Ie:akage of gaé'exhausléd from flues and suspended fly ashinside the plant, from the

viewpoint of hea1th care of operalors as well, it is urgently necessary to improve and

, 'ref ne working enwronment by repairmg parts of Ieakage In order to operate these

exustmg facnlmes conllnuously on and after 2005 it is necessary to furlher improve

_ performance of EP. For thts purpose itis eoonomscat to add anew dust remaval facility
B the ex+stmg EP.
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The precipitators at the Charqueadas Plant were retrofitted later. T'her'ef'ore, there is not

enough space to install new EP and to carry oul large-scaled reconstruct:on WOrK.

‘Advisable measures are provrded later, together w:th measures for control of SO,
- emissions. '

2) Measures for Control of Nitrogen Oxide (NO,J Erlssions -

A$ the result of measurement of flue gas the’ concenlratlons of NOx (NO) in flue gas
were 196 - 368 mgfm3N whrch satisfy the ermission slandard value(400 mglm3N)agreed
“with the state and to be applred in 2005 As mﬂuence on lhe strrotinding environment
is atso little, it is considered that further measures for control of NOx emissions ate not
necessary Howetrer if operattonat measures such ‘as. ‘combustion control are
'Z strengthened to improve’ thermal efﬁcrency etc as bcrter combisstion temperature will
become higher and the amount of thermal NOx will increase as a resuit, care should be

t_aken.
“3) Meastires for Contro! of Sulfur Oxide (SOx) Emissions

As the result of measurement of fiue gas, the concentrations of SOZ in ﬂue'gas' were

3,257 - 5,086 mg/m3N. This means that SO in high concentration was emittéd from

“smokestacks. However, as any emission standards are not app?ied for a while, capacity

is small and there Is little influence on the surroundrng envrrOnment rt is constdered that

facilities measures are not necessary fora moment. “The ernrssron rale agreed with the

" state, 400 mg!m3N will be applied i in 2005 and it erl be neeessary to reduce the present
SO, concentration by over 88 - 92% o ' : :

“As far as tocal coal is used as fugl, the SO, emission standard values can not be
conformed with fuel measures.” Somie facrtrty measures will be requrred in order to -

“satisfy the agreement Facrlrty measures include replacement the exrstmg boiter by a
circulating fluidized-bed boiler or rnstaltatson of {lue gas desulfurization faciliies. As the
replacement of the mam bedy ef a boiler wil requrre Iarge—sca!ed reconslructron of the
exisling facililies in addrtron to purchase of a new borler thrs measure Is not advisable.

'Instattatron of a flue gas desulfurrzatton facrlrtres can be camed eut rndependently by
extendrng the exrstmg flues so as to secure rnstallatron space Itis posSrb!e technicaliy

* {o ireat flue gas logether from the two unit (2 x 18 MW) ‘For desulfurization process, the
wet type {imeslone - gypsum method is ecnsrdered 1o be. effectrve because hrgh '
desulifurization rate can be obtamed stable operatron is possrble there i is relrabrhty and
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actual results at power piants,-limesto‘he as absorbent can be easily obtained, and
disposal of by-products (gypsum) is permitted.  With the wet type process, dust can be

“also removed and then the agreed emission standard values will be satisfied. The
construction ¢ost of 2 x 36 MW SO, removal units is around US$12 million.

1t is a large economic burden to install emission control facility measures with high
efficiency to the deteriorating small and old (29 = 41, or 37 - 49 years in 2005) power
generating units. Cooperation of the local government and consumers will be mandatory.

-As a result of comprehensive consideration of measures for contro! of dust and SO;
emigsions, prObabt_y, it would be better to ensure supply of 50 cycles to Charqueadas
City by installing a synchronous motor at Jacul or by connecting high-voltage lines from
the Jacui Plant to the existing synchronous motor, and meanwhile to consider the fate of

“'the existing plant: to re-construct them by combining into one unit or else.
(3) Candiota Power Generation Faciliies {No.A1,A2,81,82)
1) Measures for Dust Emission Control
- As the restilt of measurement of flue gas, the concentrations of dust in flue gas were 938
1,631 mg/m®N in the A liné and 1,207 - 2,052 mg/m°N in the B line. -The emission
" agreement with the state (B line: not determined, A line: 80 mg/m>N) will be applied to

the B line in 2002 and to the A line in 2004.

‘Meanwhile, it is necessary to'grasp actual EP performance by conducting performance

tests for EP as well as to strengthen operational measures-for facilities in both lines.
Influence of dust and particulate due to h'abitual_leakage_ of gas exha us!éd from flues and
_suspended fly ash, etc. around the fiy ash storage area, from the viewpoint of health care
of operators as well, it is urgently necessary to improve and refine working environment
by repairing and mending. -

i Z'Ass'u_ming that the allowable emission fate (not determined yet) to be appliedto the B
“line in'and after 2002 Is simitar to that for the A line or the Unit I, it is necessary to
greauy increase performance of EP for continuous operation in both of the A and B lines.
" However, it'is 'adfrisabTé'tb conform to the dust emission agreement together with

© measures for'cont_ro'l of sulfur oxide emissions, without instailation of new EP.
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- 2) Measures for Control of Nitrogen Oxides (NO,) Emissions

A$ the result of measuremént of flue gas, the concentrations of NOX (NO) in flue gas
were 370 - 508 mg/ m3N in the A line and 442+ 663 mg/m3N in-the B line. Itis
considered enough that only proper operational measures will be taken because any
“emission standards aré not applied for the present a'nd' there is little influence on the
strrounding environment. However, the emission standards agreed with the state will be
applied to the B line in 2002 and to the A line in 2004.. The standard values are 680
mg/m3N and 400 mg/m3N respectively. As values of the A line will not Conform {0 this
emission standard.r some measures will be required. '

it is’ necessary to determme NO, concentrahon in .both. A and B lines -after the
g :mplementatlon of combustson control with the proper excess alr rate in order to increase
thermat efficiency and to reduce thermal NO, as well. - If the emission standards will fiot
be salisfied evén with the above: mentioned combustion control, it is necessary to plan

for reduction with Low-NOx burners.
3) Measures for Control of Sulfur Oxides (SO, Emissions -~

As the result of measurement of flue gas, the concentrations of SO, in flue gas were
- 8,057 - 7,457 mg/m*N in the A'line and 6,086 - 7,000 mg/m°N in the B line, -SO, in high
* concentration was emitted from smokesiacks The emiss:on rates agreed with the state

will be applied to the B line in 2002 and to the A line in 2004 ' The values are 2,100

mg/m3N and 400 mg!m:’N respectively. if local ‘coal (with the S content of 0.8 - 1.5%) is
“used as fuel, the amount of SO; generated will be around 7 500'mglm3N “In order to
“conform to the agreement, the desulfunzatlon efficiency ;equnred will be over 70% and
195% in B and A lines respectively. ' C

‘The wet type lime - gypSUm method Is effective as ﬂue gas desulfunzation which enable
conformity to the agreed sulfur oxide emission rates and also ¢can be expected its dust-
removing effect. it is considered prope_r that flue gas from two units will be treated with
one desulfurization facility in the Aline and flue gas from each unitin the Bf and B2 units
will be treated separa!ely with one desulfunzatlon unit. ‘The agreed dust'emission rates
will be satisfied with instaliation of these desulfunzanon unils:-The constructton cost of
flue gas desuifurization facilities is abaut US$17 rmlhon in the A line and US$32 mmlon :
for oné unit in the B line. SRR '

The A line is in operations for 23 years (30 years in 2004). The units wilh. small cépai:ify
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now show deterioration for the operated years. It is a large economic burden to
continuously operate such facilities with desulfurization facilities on and after 2004,
Thetefore, disuse of thern upon start of operation of Unit I}, additional SO, removal at
the 8 line without 're'movel atthe A line, or else may be discussed. |

833 Meas_ures_for'New Facilities
- (1) Jorge Lacerda Power Generation Unit IV
1) Measures for Dust Emission Contro!
_ ,Umt N has been already s!arted operahon and is equped wath EP with ‘collecting
% efficiency of 98% or more. As any emission standards afe not apphed and there is little
influence on the surfounding envuronmenl, itis ap_propnate to take operauonal measures
such as proper operation and maintenance control according to a operation manual and
combustion control. H is desirable to grasp the EP performance by conducting
performance tests for the EP at need, coinciding with dust measurement.
2')Measure__s for Control of Nitrogen Oxides (NOx) Emissions |
Low~N0x burners are employed to Unit §V. As any. emlsszon standards are not applied
and there is Irtﬂe influence on the surrounding en\nronment it is considered enough to

carry out appropnate operation and mainténance control,

- 3)Measures for Control of Sulfur Oxides (SO,) Emissions

- As mentioned in Section 8.3, 2(1), the ELETROSUL will be' able to purchase coal with the

S content of 22% or. Iower over a long period and it is known from the resuits of

- simulation that mﬂuence on the surround:ng enwronmenl is fittle. Therefore, it is
consuiered lhat paylng attentlon on sulfur contents in coal is enough.

*_(2) Jacui Power Generation Faciliies

‘Coiistruction of Jacui Power Plant has been suspended since 1991, A boiler and a turbine

: have been purchased and are slored ina warehouse in the premises. An EP is still under

~ construction, Therefore itis a waste of money to purchase a new circulaling fluidized bed

‘ | . boiler eto m order o reduce pollutants Upon restart of constructlon ‘# is better to
. s!rengthen enwronmentalcontrol measures mth the facmhes in hands
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1) “Méasuires for Dust Emission Control

Al the tlme of stait of ‘opetation of Jacul Power Plant the agreed emission ‘rales of
140mg/m®N (280MW) and 85mg/m°N (175MW) will be applied. At Jacul Pawer Plant,
an EP wilh 99% coueclron effi ciency is now under construction. However, the EP will
not satisfy the emission agreemenl with the state On the assumption of 69. 1?gfm3N as
EP in! et concenlratron and 99.5% co!lecuon efficiency under 280MW (#065), -
conoenlratron offluegasis about 350mg/m°N (on the wet base)

Though a possrb!e measure fo satrsfy the agreed values for dust emissaons isto remforce
" the EP, measures without' réinforcement of the EP is posslbIe here togelher with
: measures for control of sulfur oxtdes emiss{ons

2) Measures for Control of Nitrogen Oxides (NO,) Emissions

At the time of start of operahon of Jacui Power Plant the agreemenl wnh the state,
680mg/m°N, will be applred As the actually measured values of NOx emitted from the
Charqueadas plant are in the range of 106~ 368" mg!m"N it is cdonsidered that the
emission standards Vill be conformed_at the Jacui power plant, by emplow_ng Low-NOx
burners and full implementation of combustion control with the proper excess air ratio.

3) Measures for Control of Sulfur Oxides (SO,) Emissions

At the time of start of operation of the Jacui Plant, the agreement with the state for SOx

emrssaon 1 500mgim3N will be app!red " As the concentration of sulfur oxrdes in ﬂue @
gas is estimated to be approxrmately 3 400mgfm3N the emission ‘'standard will not be

satisfied. Therefore rl is requ:red to install & wet type flue gas desulfunzataon (FGD) unit

which will also serve to conform to the agreed emissrbn rate of dust emISSIOI‘i The initial

investment cost of the wet FGD is about US$35 million. ~ * o

Note: The estimation of 3400 is based on 276 tonsir coal consurption of 0.7% sulfur,
and the wet flue gas flow rate of 1,234,708 m*N/r with 8% of waler vapor init.

(3) Candiota Il Power Generation F‘acasiiie'é'

" CEEE has a!ready purchased a bo:[er a turbing étc. for Cand1ota 1 unit frorn France.
Therefore, it is advisable to further strengthen mp!emenlatron of ¢ontrol measures wrth the
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pirchased facilitics as the case of Jacul.
" 1) Measures for Dust Emission Contro}

At the stait of operation of Candiota Il unit, the agreemehl with the state for dust
 emission, 265 mg/m®N (under 280MW) and 100 mg/m*N (under 158MW), will be applied.
Althotigh it is not confirmed whether or not an EP has purchased, measures with new
facilities are assumed here that the EP with a high collection efficiency is already in
" possesslon of CEEE Wilh estimation of £P inlet concentration of dust emrssron in flue
‘gas 0f133.0 glm3N {on the dry base), the £p requires to have the removal efficiency of
"around 99 8% in order to satrsfy the agreement with the state. The EP will be rather
large. '

Note: The number of 133.0 .g/m®N is based on the calculation assuming coal rate of
©393.15 tonsfhr, ash contents of 53.5%, and 80% of the ash to the EP inlet, and
' stack gas of 1,360,000 m*N/hr with 7 % of water vapor in it.

2) Measures for Control of Nitr‘ogen Oxides (NO,) Emissions

At the time of start of operatron of Candrota III unit, the agreement with the state (not

determined yel) for NOx emrssnon will be apphed On the assumption that the emission

. standard agreed_wrth the state is of the same level as the Jacui and the existing

* Candiota-B line, it is considered that the emission agreement will be satisfied by

: -'_emp[oymg Low-NOx bumers and lmplementatlon of full combustion contro! with the
= proper excess air ratio

'3) Measures for Control of Sulfur Oxides (SOx) Emissions

- 'At the t|me of slart of operatron of Candlota i umt the emlssion agreement for S0x with
thé state 2 000 mgfm3N will be apphed By eshmatlng concentrallon of sulfur oxidesin
fiue gas of 9, 300 mgtm"N it is necessary that any reliable type flue gas desulfurization

g can accomphsh the desulfunzalron rale of around 80% in order to conform lo the

"emrsston standards agreed wath the state. Because of the srmr!arrty with the ones in the

- fexrstmg units and the security margin for dust emiss:on the wet type is recommendable.

The oonstructron cosi is about US$40 mrllron

Note: Ths_ és;iimat'idnfdf 9.300 rr'ugfrﬁaN s b_'as;ed on the same numbers given in the above
“and sulfur contents of 1.5% in'coal. |
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8.3.4 Costs and Summary of Recomimendations
(1) lnvestment Cosls and Areas Required

Initial investment costs are estimated as in Table 8.3.2 for the flue gas desulfurization
units having capability to reduce dust emissions recommended in the pre_\lious seclion,

The costs of Low NOx burners are disr'ega'rded in thé table. Becéuse a) it:is better to

install them after accumulat:on of more monitored data and after apphoatlon of the

operational measures to reduce excess ‘Oz in the flue gasin the Candnota A uniits, b) the

detsiled specifications of the Jacul and Candiota Il units are not disclosed yet. To

bhangé burners to the Low ‘NOx type, one such. bumer '_cbsts in Jab_an around ﬁ"
- US$140,000 and probably the discharge pressure of_the air blower has to be increased @

to cbmpen’sate higher pressure drop of the new burners..

Table 8.3.2 investment Costs and Areas Required of Flue Gas Desulfurization Units

Plant Unit. Flue Gas Rate | Removal | Investment ‘Area

_ s m°Nhr sog% million US$ |  m? .
Chargueadas - | 1,2 |- 192,000, ¢ B 6 .. | 1500

o | 34 1 192,000 -',909. - e

Jacui : : 1,235,000 70 35 ] 3000
o T~Aa" 1T 492000 7§ o5 |- 47 . . | 1500
Candiota . | .B1 810,000 - | .70 | .32 ... 3000

B2 - 910,000 70 82

Il 71,360,000 80 | 40 3,000

(2) Utility Consumptions
thhtnes reqwred to. operaie the flue gas desulfunzatlon (FGD) units are roughly
. estimated by assummg all umts be operated in 50% of the full capac:ty annuany Anolher

conditions of estlmatlon are glven in Table 8. 3 3in add mon to Table 8 3 2.

Table 8. 3 3 Estlmat:on Condition of FGD Utlhty Consumpﬂon _

ftem Charque- ) 'Jac‘ui e i'-'_Gandiola'_

adas- - | . oo AL b B
Coal thr | 41.2x2 1 276.0 1386 L 207x2 | .393.2 .|
S in Coal 1 % 1.0 | 07 -]l 11508 146 | 115
WaterinCoal ¢ | % | 436 | 135 | 4 il TR 14
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Table 8.3:4 is the operation costs of the FGD units of the above conditions and taking
limestone powder cosls to be US$83/ton, electricity to be US$0.067/kwh, and water to be-
US$0.083/m”. With addition of depreciation, overhead expenses and wages of 6perators,
and With-a!teratlon to focal unit price 'of:utilities, the FGD operation costs will become
more comprehensive and realistic. One additional operator for one FGD unit in a shift is
enough if the operations of the boiler and FGD units are under one group. If the
operation is séparated from the boiler group, two operators in a shift with four shifts are

required to operate it.

Table 8.3.4 Operation Costs of FGD Units

Limestone Powder |- Water. Electricity Total -

L tyear | uss10® | m*year [ us$ic® | MWh | uss10® | ussio®
Charqueadas’ -8,800 | 0.73 {130,000 0.0% 47301 0.32 1.06
tJacui - ]-16,000 | 133 | 360,000 | 0.03 | 23,000] 154 | 290
CandiotaA | 17,800 | “1.48 1110,000 | 0.0t | 8278| 055 | 204
CandictaB - | 36,400 | 3.02 | 560,000 0.05 21,0001 1.41 448
Candiotaill | 42500 3.53 | 300,000 0.02 23.000] 154 509

Table 835 is the summary of the recorhmendatio'n in the Section 8.3,
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8.4 Amblent Air Monitoring System
8.4.1 Continuous Ambient Air Quality Monitoring

" Continuous ambient air quafity monitoring shOurcl he kept In operations in order to
accumulate data to Pnow trends of air quahtles and to ascertain Iocatlons of poliutant
sources. Il makes possible to reahze the air qualities in the surrolinding area and to judge if
the air quahty is adequate in view of the environmental standards. The data can tell the

~impact strengith of émissions from the sources {power plants) in comparison with the data
taken at the places apparently without the impact. Accordingly, countermeasures against
air potlution, if any, can be planned effectively.

The data are better 1o be submitted to the government and to the public for their review as
@ a token of a social responsibility of the company possessing the emission sources.

Together with the air qualities, meteorological conditions shall also be monitored in order
fo ahalyze the impact from the sources and to make possible to simulate dispersion of
pollutants in the atmosphere.

8.4.2 Review of Mo'nitoring'aﬁd Simulation Resuits

‘There are no violation of the nanonai ambient air quality standards (the pnmary cntena) of
50, and NQ; at present and in the foreseeable future.

TSP concentration was fecorded over the national p'rimary staridard three times at Capivari
in the Jorge Lacerda region. The meteorological data do not point direction to the power
plant as the source of the TSP. The simulation study of SPM diffusion a!so shows no

“indication of the strong impact from the power plant.
' 8.4.3 Characteristics of Study Regions
" The skelch m'aps' of land use at three areas are shown in Fig.8.4.1 - Fig 8.4.3.
(1) Jorge Lacerda The Jorge Lacerda plant is Iocated west side of the wllage named Vila
Capwan ‘There are residential areas named Capwan Tubarao, Laguna, and Imarui
around ihe planl. Marshy area and paddy fields are distributed in the west and beyond

: there hiliy dsstncts are dlslnbuted East goes to the Atfantic QOcean, through marshy
‘area and lagoons named “Mirim®, “Imarii® and “Sanlo Antonio”.
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(2)Charqueadas - The 'Cha_rqueadas plant is located east side of the town named

Char’queadas and is facing a river named “Rio Jacul” to the north. Next to the plant,

' there Is a steel mill which operates an eleotnc furnace emitting brown" smoke

f occas:onally Main residential areas are Charqueadas Sao Jeronimo and Vila Maria

_and Triunfo, Around Charqueadas area small scale village named “Vila Sao Miguel”,

“Vila Pirayin” and so on are distribited. Fields and ranches are scattered all over the

area. North of the plant is hilly and lushly forested regions. Toward the east, it is

‘marshy along “Rio Jacui®, and most of the area is used as paddi: fields. Paddy fi Felds

are distributed along waterways and Iarge scale of fruit farms are there toward the
south- west '

(8) Candiota - The Candiota power plant is located about 50 km in the ESE direction
from the City Bage. Two cement factories are located in the south ward and the east
ward of the plants. Main residential areas are Vila Candiota 1" and C.RM. (coal

" mining), and small villages such as Vila Pereira. Most part of the area around the
Candiota power plant is a grand plain called “panpa’ and some agricultural areas
are distributed in the north and the south ward from the plant.

" '8.4.4 General Air Quality Monitoring improvemient

(1) Particulate

N Eﬁa) SPM Analyzer Suspended particulate monitoring should be tmproved because of no
-conlmuous analyzer to record the pamculate concentratlon and of lhe TSP overrun at
:'Capwan Il ls recommended that two SPM analyzers in the Jorge Laoerda région and one

" each respeclwely in the Charqueadas and Candiota regions are to be newly instailed to
:'momtor contmuously before malenal:zatlon of the individual expansion plans (Table 8.4.1). -
Nevertheless. lhe monlhly Tsp monllonng usmg the hlgh volume samplers should be kept
in operauons The type of recommendable SPM Analyzer is beta-ray absorption
(Appendlx 8-6)

_b) CMB Evaluahon The TSP incident in the Jorge Lacerda reg:on seems not to be
caused from the. power plant The CMB melhod is recommended later to evaluate
~ conlributions of different sources to air borne patticulate.



Table 8.4.1 New Power Plants’ Expansion Plan

Power Plant | Generating Capability(MW) | Expansion - Note
Present Expan- - Total % |  Name of Piant (in
T P sion - - 0 operation)
J. Laceida 482 | 350 | 832 | 726 |Joige Lacerda IV (1/1957)
Charqueadas 72 | 350 | 422 486.0 | Jacui (12/1999) -
Candiota 446 - 350 796 78.5 Candiola I (9/2003)
v) Wind_Obsorvation

' Anemosoopos and anemometers possessed by the power planls are better to change to
propeller type, in order to obsewe wind down to lower velocity accurately This is to
simulate pollutants dispersion more aocura_t_ely with accurate meleoro!oglcal data.

. 845 Discussion on Individual Region
(1) Jorge Lacerda

Jorge Lacerda IV has been in opefations from “January' 1997. The monitofing system
should be improved rather quickly. The necessafy mprovemen! ttems are as follows, and
tabulated in Table 8.4.2.

a) The Sao Bernard monitoring station shal! be relocated about 2 or 3 kmi "toWard the North,
smce the impact concentration from the power plant wull be at the htghest there wnhm the
region according to the s;mulatron ‘

b) The Vila Moema station shall also be relocaled about 1 or 2 km toward the East, if
possrble The station monitors. amblent alr quahty of Tubarao the most popu!ated town in @
the reg:on ‘and where the zmpacl from lhe power p!ant seems to be relatwely htgh One
anatyzer should be added to momtor lhe SPM concentrallon there , .

¢) The Capwan station shall be kept for momtormg around Vala Capwan and Jorge Lacerda, ‘
because the conceniration from the power plant will be the second h_l_ghest_a_round there
above the region. One SPM analyzer should be instalied additionally. - | .

d) If possible, a new monitoring station shall be‘estabtished around Se'rtao do Santiago
which is Iocated about 3 km m NNE dlrecl:on from the power plant for suwellrance the
habitants and the agncuﬂural Iand around there because the ooncentration from the power
plant is relatively high. This new addmon can be oons;dered aﬂer knowing the mcremen!a!
trends of one poliutant concentration in the existing three monatonng slation
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Table 8.4.2 Improvement of Monitoring Stations in Jorge Lacerda Region
Station |, .~ Condition Ground Improvement
S | Present | Future B _ .
Jorgé Lacerda QO ‘O - | Observation of Change wind vane
. . Meteorology -
Sao Bemard O O | Signified (Cmax) Relocate 2-3 km to
: concentration Area | North
Surveillance of the
S 1 . _agricultural land L _
Vila Moema 0 O | Surveillance of Relocate 1-2 km to East;
R I R | Tubarao - - _ | Add SPM analyzer
| Caplvari e O Survelilance around Add SPM analyzer
' Vila Capivari and
D | Jorge Lacerda L i .
Sertaodo . . @ | Surveillance of the After knowing the trends
Santiago habitants and the of poliutant  conceri-
. agncullural fand | lration at other stations

Legend O Kept momlormg @ New!y established, if possmTe.

Table 8.4. 3 summarrzes parameters to be monltored at the monitoring stations afound the

: Jorge Lacerda’ p!an!

" Table 8.4.3 Pian of Monitoring Parameters at Jorae Lacerda

Monitoring

Paramelers

Status

o - |'s0, [ NOx [sPM | TSP | wD- | SUN-
Stton | T ws | Newe | P
Jorge Lacerda | Presenl | - — — -~ O O O
S Fotuwre | — | — | — | — 1.0 O O
‘SaoBernard | Present | O — = o | - - __
VitaMoema | Present | . O = = O — - —
o pFawe ltO ) — [~ | O ] = - -

Capivari: Piesenl | O | O — O — - —
o [Rawe ] O T ol el 0o = - -
" Sertaodo | Present | — | — — - — - —
- Santiago | Future | © | — — © - -~ —

Note: Parar'netér’s Bold are measured by' automalicaliy ocnti'n:u'ous method
WD and WS: wmd direction and speed SUN and NETR solar radiation and net
raduahon and A-P: precipttanon
Legend O; Kept monitoring, @;Newly equipped, [J; Exchanged for new equmen!
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{2) Charquéadas

Because exrstmg facilities at the Charqueadas plan! are to be regulated when the Jacul

plantisin operatrons the impact &oncentration will be reduced because of the observatlon

of lne agreement and the hrgher chamney at Jacu: Momtormg shall be contrnued as in
" Table 8.4.4.

Meanwhile, there is a plan to'mo_nit'or ambient air quality of the greater Porto Afegre region,
because the region has many indUstries' such-as paper pills, oil refi nery, petrochemical
factories, steel mﬂls power pran!s efc. Also motorization becomes heaviér in lhe region.
The monitoring syslem of the Charqueardas region shoqu be mcluded in the planned .
_system and be managed by one control center. FEPAM seems the best organrzatron in
- charge of its planning and operatron . : o ' 7

a) Jacur shall be kept for the observatron of meteorology and for the surverllance of the
concenlration around the Jacuiplant. . ‘

b) DEPREC shall be kept for the suwe:llance of resrdence Vrla Marra because the impact
concentration from the power plant will be of the highestin the region.

¢) Arranca Toco shali be kept for the surveallance of residence Charqueadas, the most
populated town in the region. One SPM analyzer should be mstalled_ additionally.

Tabls 844 Improvement of monrt'o'ring Stations in Charqueadas’

“Station | - Condition Ground ) _' . Improvement

_ | Present | Fulure ' ' e
Jacui | o | O ObservatrOn of Meteorology, Change wind vane -
. :' 1| Surveiliance around Jacul - T
DEPREC O | O |sSignified (Cmax)

: concentration Area
Surveillance of Residence

N N - | VitaMaria . : ST Ay

| Arranca O | O |Svuiveillance of Resrdence Add SPM analyzer
Toco.. f Cnarqueadas S R

Legend.O Kept monitoring

Table 8 4 5 summarizes parameters to be momtored at the momtormg statrons around the -
Charqueadas-&acur plant ' :
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Table 8.4.5 Plan of Monitoring Parameters at Charqueadas and Jacui

Parameters. .

Station ‘Time B
a $02 | NOx | SPM | TSP | wp-ws | sun-netr | A-P.
| Jacut pPresent | O | = ~ ] O] O.|OBGUN)| —
L Fuwe | O [ - | ~ | o] 0o [osunm]| -
DEPREC Present’] O o | - - - Omer) | O
| Future ol|lo | -] -] - Oper) | O
Arranca Toco Présént o |l = |- ]O. — I M
“Fuwe [ O | - loe ]| o | - C —

Legend O Kept monatonng. ©;Newly equipped,

{3). Candiota

D;E'xchangéd for new equipment

Because Candiota I will be in opérations sometime in' 2003, monitoring system shall be

- improved until that time. The ﬁecessary improvement items are as in Table 8.4.6.

Tabie_s._gl.é Mbnitoring Stations at Candiota

Stiation Condition Ground Improvement
_ Present | Future _ .
Ajrport ‘ol © | Observation of Meteo- { Change wind vane.
. . fology; Surveillance of
o : Residence around
“jCandiotam | O ~ O | Surveillance around
A Treslagoas | =~ O O | Signified (Cmax) Relocate 34 km to
. concentration Area West.
Surveilfance of | Add SPM analyzer.
| T Agricultural Land e
Acegua .. | - O . O | Surveillance of Rain & | Add wind vane.
) T Dry Precipitation
Legend:O;Kept monitoring

a) Airport shall be kept for the observation of metéd'rblogy'and for the surveillance of the
' res;dence Vila Sao Emmo, Vila Sao Simao, Vila Euimaraes and Vila Operaria.
_ 'b) Candfola m shall be kept for the suwe;l!ance around the prewous Candlota E[! ‘site.

| c) Tres Lagoas shall be kepl for survesllanoe of the agncultural land because the impact

concentralron from the power plan! will be the hsghest around there in the reglon i shall
be relocaled about 3 of 4km toward lhe west '
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" d). Acegua shall be kept for the surveillance of rain and dry precipitation, with an additional




wind vane to a'naly'ze.the felationship betwéen precipitation and wind. -
Table 8.4.7 summarizes parameters to be monitored in the Candiota reglon.

" Table 8.4.7 Plan of Monitoring Parameters at Candiota -

Station Time 7 _ Parameters

SO2 [ NOx | SPM | TSP | 0 ue SUN- . A

L . o x -NETR -

Airport_ | Present | O | O ~-{to ]l o | ol o
lewelo | -] -lol o | o]o
Candiota I | Present | O | — - 10 L - -
' | Fwe | O | — | = | O — - -
Tres Lagoas | Present | O — - - - - -
~Futwe | O O j© | = = | =] -

Acegua Present | =~ | ~ | — | — | = .| — _' O
Fuwe | — | — | ~ ] - | @ e IRe

Legend:O; Kept monitoring, @ Newly eqmpped [J;Exchanged for new equi'pment
' 8.4.6 Observation of Upper Alr Wind

The wind condition varies as the allitude becomes high. Obse;rvation_ of up’per ait wind is
important for analyze the relation between the aif quality and the meteorology, especially
by the diffusion simulation model in the future. The ideal aliitude to obseive Is the same
height with the top of the chrmne,’ However. it will becomie difficult to mamtain the
equrpment there. itis better to install the wand observatton equupment w:th a taii pole on the
power ptant roof. The type of equrpment shall be as the same as that is used for the
surface wind observation, '

8.4.7 Measurement by Simple Method
Three monltormg stataons are not enough number for momlor:ng wrde area around powerﬁ
plant. Therefore the sm‘:phf ed measurement sha!l be oonlrnued to reairze the transmon of

air qua!rly in the course of years in the Wlde area It shall be enforced once or twrce ayear.
and sampimg points shall be the same as used by the Study ' '
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8.4.6 Monitoring Staff

In‘order to malntain 'thé equipment in godd condition and to managa the monitoring system, _
itis necessary to keep permanent staff. The staff member shall be educated and trained
perlodically to catch up technical advances In the monitoring field.

8.4.9 Cost

Cost of the new equnpment are as in Table 8.4.8. Cosls of spare and consumable parls
-for one year operahon are as follows in Japan (1996 US $1=¥120).
.80; Analyzer US $ 3,600
" NOX Analyzer US $ 3,600

Table 8.4.8 Costs of New Equipment

o Eqmpment : ) - Catalogue Price in Japan/one- -
SPM Analyzer (Beta Ray Absorptlon} US § 30,000
S0, Analyzer . - US$ 36,000
Propelier wind vane and anemometer : = US$13,000
Data Logger 5 _ ~US $ 12,000

' 8.4.10 cMé Method

The CMB {Chemical Mass Balance) method is a type of receptor model to estimate the
| contnbut:on from sourc:es to amblent SPM/TSP concentration. Chemical elemental
. prof Tes of assumed sources and amb:ent SPMITSP are necessary for the CMB method.

One element In ambient air SPM/TSP results from conlributions from various sources.

This relation have to be established in a set of linear equations for each elements to get

the contributions from each source.

Generally, more than 30 heavy metals are analyzed by Neutron Activation, with high
accuracy. Adding to the ambient SPM/TSP, the particulate matter emitted from the
assumed sources like power plant, cement faclory, autorobile, soil and so on should be
analyzed for the CMB method. During the evaluation by the CMB method, source-
ép‘éciﬁc tracer elements are determined to obiain good answers.

The to!ai cost of the CMB method is roughly estimated as US$ 400,000 assuming the

_ chemical analys;s and the CMB evaluation to be carried out in Japan. This investigation
“should be conducted by FATMA in charge, because many local industries are involved.
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Appendix 8-5 explains briefly how the CMB method can evaluate contnbution of each
sources lo the anborne partlculate : ‘ '

8.4.11 Summary of Air Monitdring Recommendation -

Table 8.4.9 sumimarizes the recommendations proposed in this section.

"Table 8.4.9 Summary of Alr Monifofing'Rebomm'e'n_'dation e

826

- ltem Descnptson . Cost = | Year Remarks
SPM Newly install at monitoring statlons lnvestment 1998 '
‘| Analyzers | Capivari, Vita Moema, Arranca Toco $120 000 |
Tres Lagoas. :
| cMB Contributions to airborne parhculate Analys_es, .| 1989 | FATMA

Evaluation | of emission sources avaluation | .| in charge

_ . L $400,000 .
Relocation ' | Sao Bema_rd ~3KkmN; - -- | for better

of Monitor. | Vila Moema - 2 km E, “{ monitoring
Stations Tres Lagoas -4 km W N

Wind Change the all existing wing meters $13 000: | -- . jbeforeto
Mater 1o a propelter type. - for simulate

Add one at Acegua. one set . 1 again

Greater | Transfer the Charqueadas momtor -- - ] when _
Porto system to the management of the emerged by
Alegre Greater Porto Alegre System. FEPAM :
Continuat- | Continue . monitering in all three - --

ion regions and publish the data, - . - P : i
New Monitor TSP and SO, at Sertao do _SOz meter =~ .| whenair
Station Santiago ©1$36,000 | ‘| becomes -

' o ; S deteriorated




8.5 Stack Gas Monitoring System
8.5.1 Purposes of Stack Gas Monitoring

The mostimportant air poliutants emitted in industrial exhaust gases are SOz, NO,; and dust.
_ The amount of pollutants generated depends on the operaling conditions of the boiler (such

as operation capacity, fuel-air ratio and combustion temperature), properties of fuel, etc.

Therefore, il is necessary- in compiling data to measure continuously and repeatedly the

amount of these poliutants generated and related operating conditions. The purposes of
the stack gas monitoéring system are as follows.

‘® ¥o oblain: quantitative dala which provides reliable basis to examine the Impact of
~ exhaust gas on air poliution. - '
% @ To determine the main sources for emission controls, in case that there are many
sources of exhaust gas. ‘
® To afford data for se!ectuon of appropnate exhaust em!ssmn control devices, and to help
evaluation of the effects after such measures are conducied
@ To be used for combustson control and management

8.5;2 Monitoring Plan
(1) Basis

in accordance with the plan to expand power plants, bolh ELETROSUL and CEEE agreed
with FEPAM on the measures for pollutaon Exhaust gases from the Charqueadas planl
should be monitored autornatically and continuously by 2005. In Jacui and Candiota Il
plants the same methods should be applied for monitoring from the beginning of their
operation. In Candiota, the same should be put into place by 2004 for Units A, and by 2002
for Units 8. '

* The balch measurement adopted in the Study is to be conducted during the intermediate
" period beforé adoption ‘of the automatic continuous measurentent.  After that, the batch
measurement will also be required for measurement of dust concentration, exhaust gas
volime, and water content. -
" (3) Measured ftems, Methods and Frequiencles

~ Measured itlems are determined as follows:
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Measured items are determined as follows:

@ Balch measurement (manual analytrcal method)
- Tw:celyear Also every lime after changing lhe kind of coai and after alteration of
* boiter and EP operational conditions. '
- ltlems 10 be measured: Amount of dust, Flow velocrry Gas Ternperature Waler
Contents, SO, NO,, and O, '

- @ Automiatic continuous measurement (installed type) - :
- tems to be measured Dust concentration, SO;, NO,(, 02, and Gas Ternperature

“As for flue gas momtonng the measurmg methods hsted in Tablé 8, 5 1 are appropriate in -
‘lghi of the JICA Equipment used for the Study ' SR

Table 8.5.4 S_tack Gas Measuring Methods -

Measured lten o Measurmg Pnncrple :

Amount of dust _ Dynamrc pressure balance or
_ _ .- | Photo extinction type . '
Flow velocity / Temperature. | Pitot tube / thermocouple
- Water content | CaCl, absorption method
S0, _ infrared-absorbing method
NOy Chemiluminescence method
or Infrared-absorbing method
O, | Zircon type or Magnelic type
(3) Analyzer Location

O Batch measurement (manua? ari:atytic'a! method): {he same as ones emefoyed in 1t-he, Study
@ Contintious measurement

As shownin Figure 8.5. 1 the gas analyzer is generally composed ofa gas samplrng probe
which is inserted drrectly rnto the duct a gas analyzer (mcludrng cubicle), and a condurt
which connects them. '

a. Location, point and tap of gas samplrng _ o
ltis very important to determine the samphng peints of exhaust gas in |ts ﬂow channel to
the stack through the duct. To oblain accurate resulls the followmg pomts shou!d be
selected; '



- where distribution of gas concenlration is uniform
- where flow velocity of gas is slable
- where flow velocity is the largest

b. Piping _ _
Short gas piping is necessary to avold drain deposits. The pipe should be heat-traced
s0 as not SO, to be absorbed into the drain.  Heating of the pipe is not required for
analysis of NO, and Q.

¢. Main body of analyzer
Location is to be determined {o isolate radiation heat from direct sunlight and heat
sources (ambient temperature 40T maximum). '

b2z 7 7227
4 e ane UG ] i
¢ R _Gas sampling probe
‘BT 5_;::5¢,.—1"a :
Js. & Fa g /) . \
‘ e N © . Main body of gas analyzer
: “f (inéluding cubicie)
Gas conduit

'Figure 8.5.1 General Configuration of Continuous Stack Gas Analyzer
. (4) Maintenance Automatic Analyzer

“Regarding maintenance and checks on the batch measuring device, see the manufacturer's
-manual.  The automatic analyzer, as equipment now to the Brazilian side, is especially
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referred to here. There are several mainlenénce routine practices. - The purpose of daily
checks is to ensure the contlnuous operation for the automatic analyzer under normal
conditions and also t6 replace and supplement parts if necessary. - The purpose of annual
checks is to ma:ntain the measuring accuracy of the analyzer to prevent faulty
measurerment cavsed by faulls and breakdown and to- replace detenorated patts. The

- puipose of emergency checks is to deal with abnormal operations and-faliures of the
analyzer immediately and in emergencies.

The contents of maintenance and checks commonly adopted fof analyzers and the checking
frequency are indicated in Appendix 8-4, while the mslructlon manual should be referred to

i for the mdw:dual items of each analyzer

(5) Data Records

itis desirable that the records of measurements by automatic analyzers be kept at least for 3
years, since they are valuable as a future reference to reconﬁrming the measured values

elc.
(6} Operation and Maintenance'drganiz'élio'n '.

Itis necessary that the organization should be established for'cpeféticn and ﬁiéintenance in
o;der to operate the automatic analyzer in stable cond:tlons for a long time with high
accuracy and secuie reliable measuremenl values as well as to make use of the data
promiptly. Staff members who are proficient in maintenance and data. management of
analyzers are essential. Recent improved and advanced high-performance analyzers
require more technology and high-level knowl'ed_ge. Therefore, itis necessary that the proper %
education and training for the staff members in charge be appropriately carried out and that
they leam the latest technology and information. : For this purpose, requests to
manufacturers for dispatch of technical experts as well as dispatch of staff members
concerned in practical operations for tra"‘fni'ng (toa fcr'éign'pOWer plant for data management,
and {o the manufacturer for a'n_aiyief maintenance) are most desirable. '

(7} Entrusted Jobs
it is possible to enlrust a specialized company outs:de with’ part of a job concerning the
operation and maintenance of analyzers Unfoﬂunately, as thefe are few speciahzed'_ :

- companles in Brazil, staff members of the thermal power ptants have to conduct the daily - :

and regular checks on analyzers., - HoweVer, itis |mpossmle for these staff members to -
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* overhaul and repair damaged paris of analyzers in the daily checks, as their technical skills

- are limited. As ovérhaUIin'g -and repairing ‘are very critical for collecting data with high
'accuracy contmuousty fora Iong time, these jobs should be entrusted to a technical expert of
the anatyzer manufacturer.

(8) Cost of Analyzer

The initial investment costs {Catalogue price in Japan) of analyzers are as follows:
'S0;, NOx, and O, Co’ntinuous Analyses inone case US$ 67 ,000
TSP Contanuous Ana!yzer (Re!atwe Concentrataon) Us$ 43,000
L _ Total © ¥S$110,000
A shelter and an Aur Cond:tsoner are mctuded in the above.

The costs in Japan for consumable and tepair parts (exctudmg repair pails in case of
o trouble) requ:red for one anaIyzer per year are shown below. The costs below show those
for one analyzer and should be Stmpty muittptled when more than one analyzer Is involved.

7 Regularmspectlon o = Us$ 2,500
| Except reg_ularmspedtion = Uss 2,000
3 cylinders of standard gas = Us$ 1,300
3 oylinders of,ze"r_o gas = us§. 500

(8) Analyzer manufacturers

Analyzers 6btaihable in Brazil are listed in Appendix 8-2 based on the research by the

“Study Team. In the table, some analyzers can be applicable in place of the JICA

% " Equipment for thé_ batch measurement, when the JICA £quipment becomes unable to use.
Some of imported automatic continuous analyzers are also available in Brazil.

(10) Special Notation on Dust Analyzer

There are two types of autbmatic dust monitoring instrument. One is the type that brings

N "fsample gas from the suction nozzle | in the duct into the detector outside of the dudt, through
o a connectmg pipe. The other is the type that a sensof is installed inside of the duct. Also
{7 thete are two kmds of the instrument actual mass analyzer and relative analyzer as in Table
k '852 White the mass: concentratton anaiyzer has advantages of rapid and real- tame
measuremenl lt has been falted in commerc!ahzatlon in Japan ‘Even, the relalive
concentration anatyzer requ:res a lot of attention because deposrtlon of dust inside of the

" connecting pipe causes the increase of blank values and chokr_ng of the suction system.
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Acidic gas causes corrosion of the detector; etc. The'dust monitoring in‘Strument UiIS A
1308} is Installed in almost every thermal power plantin Japan However it is mostiy used:
for combustion control or as a supportmg equ:pment for the dust momtonng When the
refative concentration type is applied, the baich dust sampler system shali be frequently
mobilized to measure the actual dust loading in the stack gas in order to calibrate the relative
value to the aclual one.

Table 8.5.2 Methods and Principles of Varlous Continuous Dust Analyzers

~ Methods Meé'suringprinciples o . Meaéured Q'aldes '

Pholo extinction | Measure light attenuation by dust particles | Relative concentration
type ‘| passing across the paralle! luminous flux. . | S et
Light scattering | After irradiation of luminous flux to exhaust | Relative concentration
method gas, detect the light scattered by dust
: particies with the definite scattered angle. ' ()
-1 Place semiconductor or conductor in flow of | . e _ &
Conlacl chargmg exhaust gas and measure the loading travel | Mass concentration
type 1 on the contact surface of semiconductoror| '
1 conductor sensor and dust particles,
. Dﬂuent Dilute with the definite quantity of air and o o
associated measure by instrurnent as for atmosphenc  Mass concentration
method : pamculate matter. L :

US EPA mentions the specifications of photo extinction typé relative concentration analyzer
in its Code of Federal Registrations - 40CFR60.

8.5.3 Summary of Recommendations on Stack Gas Monitoring
Table 8.5.3 summaries the recommendations mentioned in this section.

Table 8.5.3 Summmary of Stack' Gas 'Mon'ito'rin'g Recommendations

‘Plant or Unit N Descnptlon C . S Year - | Cost
All Existing Continue the batch monitoring twice a year or| - - :
Units occasionally when operating conditions changed, -

-_| untii continuous monitoring systems haveinstalled.. | - |-
Charqueadas install 4 continuous monitoring system =~ - | 20085 | $440,000
Jacui install one continuous monttonng system before the (1998) $110,000

| startup of operations - RSN R

- | Candiota A Install the continuous monitoring system total2unlts _2004_; $220,000
Candiota B | dilto, total 2 units =~~~ | 2002 | $220,000
Candiota fll | install one continuous. momtonng system before the (2003) $110,000

: | startup of Operallons ' - Lo R
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. CHAPTER 9 CONCLUSION

-The Brazilian power industry entered the transitional period of privatization during the
' Study'p'eri'od.: The 2100 MW expansion plan at Candiota was reduced to 350 MW. This
unit is in the process of privatization, as is the Jacui'plant where ‘construction has
suspended for a long time. Although hydraulic power supplies about 93% of Brazil's
electricity, coal power industries aré jmportant in the two southern states where almost
- all Brazilian coal is deposited. Coal supplies electricity in the dry season, and supports
local people in mining, washing, and transporting. ELETROSUL generates about 10% of
- jts power by burning coal-and CEEE does about 40%. The key operational issue for the
privatized coal power plants would be to endure severe competition with the hydraulic

power plants without jeopardizing ambient air quality.

"Oné:year" of continuous monitoring in the Study'fo'Und that the ambient air qualities of
SOz and NOzin the Study regions did ot exceed the National Standards of the primary
¢ritéria in annual or shorter (24 hours or one hour) average times. Also dispersion
simulation projected that SO0z NO: and SPM concentrations in the future aftér the
planned expansion of 350 MW on each power plant would still be under the National
Standards, if there ﬁ'ere no more expansion or introduction of other industﬁes‘. TSP
- concentrations measured at the three'-power plants were also under the - National
* Standards, except at Capivari. The reason of th.e Capivari phenomenon seems not to be
-caused by the po&vefi'plant. The acidity values of precipitation measured at the three
: pofwer:'pl'an'ts and at Acegua, a border city with Uruguay, were in the normal range,
" although there 'was a question remained unanswered about the accuracy of the

" measuréments. .

Table 9.1 summarizes proposed recommendations, as the results of the Study, to be

" ecarried out by the Brazilian side. There are agreéments on items re]ated to stack

. emissions” befween the power compames and each local state agency (FATMA and
' FEPAM) fo¥ the operations.- FATMA and ELETROSUL have agreed on keeping SO:
emlsslon “from Jorge Lacerda plant below an aniount equivalent to the emission when
g burmng coal of 2.2% sulfur contents at full-rated load of the total unit generation capacity.
o As all the units in the plant are burmng 1.8t02.3% sulfur coal, 80z emission agreement
. can ea_suly be mei; by controlling the sulfur contents or generation capacities. All the units
of Charqueadas and Candiota in the stat:e:'of_ Rio Grande do Sul have to meet the
'agréé’mént_s With'FE?M{_“Whe)‘l{ each individual expansion unit {(Jacui and Candiota IiI)

“comes into operations. Stack gas treatment processes are recommended.
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The monitoring of stack gas emissions shall be carried out in meeting the agreement,
Although there is no agreement with FATMA, it is recommended that the unitsf in the
Jorge Lacerda plant monitor TSP, SOz, and NOx using the JICA Equipment at least twice
~~a year. Units in Charqueadas, Jacui, and Candiota are requested in the agreement with
- FEPAM to momtor TSP S0;, and NOx contmnously and automahcally

It is recommended that the CMB méthod be employed to evaluate the source contribution
“and- an automated 'continuous SPM monitoring instruinent bé installed in the Jorge
Lacerda region, in order to clarify the TSP incident at Capivari' Also each one of the SPM
instrument should be installed in the remaining two régions to record the trends of SPM

. concentration changes

The ambient air quality shall be continuously monitored by the automated three stations
- arorind each power plant with ‘focus on any changes in the quality. “The mbnitoring
stations around Chargqueadas’ Pov#"er Plant shall be combined with the Greater Porto
Alegré Monitoring Plan when the Plan is materialized, and the collected data shall be

managed, for example; through a telemeter system by its monitoring center.

In Brazil; local states have‘ziu'tlio_rit'ies in making 'envitonmental policies. The before-
mentioned agreements wére coricluded after long discussion between FATMA Or'F_‘EPAM
and ELETROSUL and CEEE. The principles of the agreements were niot readily available

to the JICA Team, becausé there may have been delicate political and fechnical issues

involved. Both power companies reported to the state agencies occasionally on the
progress of the Study or invited their representatives to the sites of the Study. The JICA
Team felt that the purpose of the Study would be more effectively sat:sﬁed if they were

1nv1ted as Study Team members from the beginning.

“The Brazilian counterparts were all eager to learn technologies from the JICA Team:. In
addition, they were also eager to- cooperate w:th the JICA Team. Espemally during the
"Second Field Work period, they sacrificed part of their Carnival summer vacations for the
“custom ¢learance, mstallatmn start-up ‘of the JICA Equipment, ete. Without their
sacrifice and cooperation, the JICA Team would not have been able to lmplement its tasks

so smoothly and to achieve its planned objectwes $0 ﬁrmly The JICA "Team very niuch

i appreciated their efforts for the Study "1t hopes that the clean air would be kept forever

in the regions as it is.
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"Table 9.1 Summary of Recommendations?

No. Items Description Background - | Investment® | Substitute Plan Plan Startup Remarks
1 | Power Plant | One train of wet FGD unit in Jacui Agreement $35x 108 | Separate SOz and see (E/1999) | Immediately to start design,
Dust Removal Remarks depending on the start-up date
2 | Power Plant | Decision of the fate of Charqueadas Plant Small and Old — 2 Wet FGDs - 2005 ] Investment of the ‘substitute
i Agreement plan: § 12 x 108
3. | Power Plant | One train of wet FGD in Candiota A Agreement $17x% 108 — 2001 2004
4 | Power Plant | Low NOx Burners in Candiota A Agr t Stack Gas Recycle | 2003 2004
5 | Power Plant Two trains of wet FGDs in Candiota B Agreeniént $64 x 108 - 1999 2002
6 | Power Plant | One train of wet FGD in Candiota I11 Agr t $40x 105 | Dry FGD 2000 (9/2003)
7 | Plant Strict operation and maintenance managenient of'| Save Energy, - — Always —
Manag t | boiler, ESP, etc. at all power units ‘| Remove Dust
8 | Stack Gas Batch monitoring at all units until another | Social — — QOccasion —
monitoring system installed Responsibility -ally
9 | Stack Gas Continuous monitoring of SO, dust, and NOx at | Agreement $110,000 — (1998) | (E/1999)
Jacui
10 | Stack Gas Charqueadas - se¢ Item 2 - — Auto. Continuous — 2005 | Investment of the substitute
B Monitoring plan: _$440,000
11 | Stack Gas Continuous monitoring of SOz, dust, and NOx at | Agreement $220,000 — — 2004
Candiota A
12 | Stack Gas Continuous monitoring of SO, dust, and NOx at | Agreement $220,000 — — 2002
Candiota B
13 | Stack Gas Continuous monitoring of SOz, duist, and NOx at | Agreement $110,000 - - (9/2003)
Candiota I1I
14 | Air SPM analyzers 2 in Jorge Lacerda Area, each one | Violation of TSP |  $120,000 — 1998 —
Monitoring in other areas, total 4 units Air Quality
16 | Air CMB evaluation of SPM sources in Jorge Lacexda | ditto seé — 1999 2001 | FATMA’s Project;
Monitoring Area Remarks hshmated total cust $400,000
g analy in Japan
16 | Air Move monitoring stations slightly in J. Lacerada | Better — — — - 4 sets of Wind meters
Monitoring and Candiota; Change or add wind meters Monitoring $52,000
17 | Air Transfer the monitoring system'in’ Chaiqueads } Cooperate with — — — Not Dis- | FEPAM's Project
Monitoring Area to the Greater Porto Alegre System the State closed
18 | Air Continue monitoring in all three regions and [ Social — — Always —
Monitoring report the results to the public and authorities Responsibility .
Note: 1) Eliminated those items to be ¢avrieéd out in unknown future or ones related to undisclosed details of new or expanded units, such as ESP and low NOx Burners.

2) Japanese catalogue prices for hardware only; Conversion rate: $1.00=¥120
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