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PREFACE

In response to the request from the Government of the Federative Republic of
Braznl the Government of Japan decided to conduct the Study on Evaluation of
Environmental Quality in Regions under Influence of Coal Steam Power Plants in the
Federative Republic of Brazil and entrusted the Study to the Japan International
Cooperation Agency (JICA),

JICA sent to Brazil the Study Team, led by Mr. Masaaki Noguchi of Suuri-
keikaku Co., Ltd. (SUR) and organized by SUR and Tokyo Electric Power Environ-
mental Engineering Co., Inc., to Brazil five times from June 1995 to July 1997,

The Team held discussions with the officials concerned of the Governments of
Brazil and of related States, and condueted field surveys. After returning to Japan, the

Team conducted further studies and compiled the final results in this report.

I hope this report will contribute to the future evaluation of énvironmental

quality and to the enhancement of friendly relations between our two countries.
I wish to express my sincere appreciation to the officials concerned of the
Government of the Federative Republic of Brazil and the States of Santa Catarina and

Rio Grande do Sul for their close cooperation throughout the Study.

September 1997

/éﬂwfjff/ e g E’/

Kimio Fujita

President

Japan International Cooperation Agency



September 1997
Mr, Kimio Fujita |
President

Japan International Cooperation Agency
LETTER OF TRANSMITTAL
Dear Sir:

We have pleasure of submitting to you the Final Report of “’I‘he Stud_s on
Evaluation of Environmental Quality in Regions under Influence of Coal Steam Power
Plants in the Federative Republic of Brazil”. This report preésents the monitored and
evaluated influence by the three coal steam power plants located in the state of Santa
Catarina or Rio Grande do Sul upon ambient air of the regions within 20 km of the
plants, and proposes countermeasures drawn from the evaluation.

The report consists of the summary and the maln volumes, The summary
voluine gives esserices of the study results, and the main ‘volume contains all the
methods employed and results obtained. The main volume is attached with necessary
information such as the detailed data, analytical and evaluative methods, ete.

On this 6ccasion, we would like to express our deep appreciation and sincere
gratitude to all those who extended their kind assistance and cooperation to the Study,
in particular the officials from Centrais Electricas do Sul do Brasil S.A., Corupanhia
Kstadual de Energia Eletrica - RS, Fundacao do Meio Ambiente SC, Fundacao
Estadual de Protecao Ambiental - RS, Agencia Brasileira de ‘Cooperacao,  and
Ministerio de Minas e Energia, We also would like to extend our acknowledgments to
the officials of your agency, the Ministry of Foreign Affairs, the 'Mihistfy of
Inteérnational Trades and Industnes, the Japanese Embassy in Brasilia, and the
Japanese Consu]ate General in Porto Alegre.

We hope the report will realistically contribute to the development of the
Brazilian coal steam power plants and Brazil itself.

Sincerely yours,

_ Lﬁ/mél & Q,V/Z

Masaalu N’oguchld
Stud_y Team Leader
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CHAPTER 1 INTRODUCTION

1.1 Background

This is the Dralt Final Report of the Study on Evaluation of Environmental Quality in Reglons

under Inflience of Coal Steam Power Plants in the Federative Republic of 8razil (the Study). Coal

power p'!ants in Brazil have' been concentrated in its southern staleé,'Sanla Catarina and Rio
Grande do Sul. The Ministerio das Minas e Energia (Brazil) has planned to expand coal power
planls in the future to oompensale”fo? the graduai!'y decreasing avaitability of hydraulic sources.
The M1msteno sohcued assistarice (Appendlx 1-1) from the Govemment of Japan {GOJ) in
evaiuatlng the a:r quahty of the regions surroundlng the coal power plants.

In response to this requesl GOJ appointed the Japan International Cooperatlon Agency (JICA) as

the executlng agency. it ooncluded the Scope of Work for the Study (Appendsx 1.2) in January,

1995, with the Brazifian executlng agencues Centrals Electricas do Sul do Bras:l SIA
 (ELETROSUL) and Companhia Estadual de Energia Eletrica (CEEE). '

JICA setup the JICA Tea'm oompo'sed of members from the p’rivate sector, for implementation of
the Study. The JICA Team commenced the Study by joining the Brazitian srde in discussion of its
Incéption Report in June 1995 '

' The Brazilien govermmental policies of privatization, poliution prevention, and natural gas

utifization in refation to’ power generation have become clear during the course of the Study.

Accordingly, the 3e)_cpansion p?an ofih'e'c'andioia 1l Coal Steam Plant was cut back from 2100 MW

10 350 MW. ConStruction at the Jacui | Plant is still under suspension. Meanwhile, the one

;% remaining expansmn ‘plan of Jorge Lacerda IV was oomp!eted durmg the Study at the end of 1996
and has been in operation since then. ‘ '

The Repdrt is composed of the Executive Summary and the Maln Report. The latter is separated
* iiito the main body and Appendices' documents, data, methodologies, elc. prepared in relation to
the Study. Quoled sources of dala, literature, information, etc. are identified with a # number in
parentheses in the Report and listed in the References section.
1.2 Study Overview
- 1.2:1 Objectives

The objéctives of the StUdy were to evaluate the environmental quality'of air in regions under

“1:1



influence of coal steam power plarits, and t6 contribute to the planning for development of coal
steam power plants by transferring related techriologies to Brazilian personnel.

1.2.2  Study Regions and Pollutants

The power planls concerned were Jorge Lacerda, Charqueadas, and Candiota as in Fig. 1.2.1.
Individual units in the plants are listed in Tabte 1.2.1 including the known future plan. |

Yable 1.2.1 u'n'n';o, in'Power Plants 's'tudied g

NameofPower Pianl “Unit - Re.ed ) Year in

(Operator) - -} Code | Capacity . | Operation -
Jorge Lacerda Al-1| S0MW | - 1961
(ELETROSUL) ~ [A 12| 560 1963

' ; TAu3 [ 65 . 1972
Ana| 66 | 1972
BI5 | 126, | 1977 -
-BHis6 | 1256 4977
| v 350 | 127199
Charqueadas 1 |1 18 . 1856 ¢
{(ELETROSUL) . - |.. 2 1. .18 1 -1956.
- 13 | 18 1956
S 4 18- ] 11088 -
. ©1dacui 1 350 | 121898 .
Candiola (CEEE)  J0A4. | 63 | 1974
. A2 .| 63 1974
mBA4 | 160 .| 1986 -
mB2 | 160 | 1986
m- ] 350 (9/2003)

The study regions encompassed roughly 20 km around each of the three p!an_ts.-'The pollutants
that the Study concentrated on were sulfur dioxide, nitrogen oxides, and particulate matter in
ambiént air and stack gases. Also the main ion ingredients and acidities of talr and soluble dry
precipitation were monitored at one point in each region, and a_s_@g!l asin Apegué a1thbﬂ§h it was
located fore than 20 k from the Gandiola Power Plant, Eight elements in particulate mattef, air
and stack gases, were analyzed under subcontract to a local I_aborét_dr_y. _

1.2.3 Task Organizations
Members of the JICA Study Team are listed in Fable 4.2.2. The names and ro!es of the members

of the two Brazilian teams, and the sections they belong to are given in Table 1 2 3 The :
supervision of the CEEE Team was altered from the middie of 1996.
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O’ . . 100' km URU(‘UM-) Pdrl.o Alegee

e City
4 Power Plant

" Fig. 1.2.1 Location of Power Plants in thé.St'udy
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*Table1.2.2  JICA Study Team

.

- NAME ' : MAJOR ROLE
Masaaki Noguchi . | Supeivision ) o . -
Takeo Akizawa " | Asslstant Supervision, Conteol Measures, Pewer Plant.
Haruo Kikuchi . | Alr Quality Evaluation, & Air Quality Monitoring Plan
Kenji Takahara Air Quality Monioring
Tamild Umezawa | ditto . .
Tashiki Nagasawa | Stack Gas Monitoring & 115 Ptan
Yoshifumi Zama -] Stack Gas Monitoring & lts Plan
Toshio Nakajima . | Chemlcal Analysis
Akeo Fukayama - | Numerlcal Analysis

FIELD WORK

- Future Alr Quality
- Effect of Pollution Control Mzasures
- Moaitoring System

* Technology Transfet by OJT, Classroom,
Seminar, and soon

" - Planning, ete. of Monitoring System
- Operation, Inspection, Maintenance
of ICA Equipment
- Analysts of Collected Data
- Dispersion Simufation Model

- * Diseussion of [nception Report * lavestigation of Available Resources
* Collection #nd Compilation of « for Air Monitoring .
Bxisting Data and Information - for Stack Gas Measurement
: - for Sample Analysis
— - .
* [nstallation & Tuning of JICA Equipment . i
ANALYTICAL WORK
* Monitoring, Messurement, Analysis - -
* Specification of JICA Equipmient
~ FAmbient Air- Continuous Monitoring -} * Analysis of Collectzd Pata
1 & Simple Measuremeat y -
T| Surface Metecrology * Monitorsd Data Analysis
- - - - * Understanding of .
E| Stack Gases * - Dispersion Mechanisa
. * Modeling of Dispersion
M Acid Rain : :
Sample Analysis - Heavy Metals, eté. . ["‘ Prediction of Future Air Quality
* Major Discussion “} |" Planning & Recomn‘iepda!iod of
: . Moniicring System -
- Qurrent Air Dispersion Mechanism

Ambiant Air and Stack Gas
* Evaluation of Planined Alr g
Pollution Countermeasures

A Continuation, Addition, & Elaboratio
{ by Brazilian Side foe Coal Power Plan

e Monitoring of Ambient Air

" and Stack Gas

* Assessment of Air Quality
i * Pianning of Air Quality Control i
i * Training of Human Resources :

Flg. 1.2.2 - Outline of Study
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1.24 Work
The Study progressed as scheduled (Table 1.2.4). it consisted of field work and analytical work
as in Fig. 1.2.2, these béing respectively divided into five and four stagas. The major tasks of

each stage weie as follows;

1) First Field Work Drscussron of the lnoeptron Report, and

' colleclron of data & mformatron for rnc.eptron of the Study
2) First Analytical Work | Preparatlon for specrﬁcatrons of the JICA Equrpment
3) Seeohd Field Work ' Commencement of air and stack gas monrtormg
4) Second Analytical Work Preparatron of the tnterim Report (1T/R) _
5) Thlr‘d Field Werk Discussion ofthe ITIR and contrnUation of monltorrng
6) Third Analytical Work ~ Preparation of air drspersron model _
7) Fourth Field Work " Checking of the J[CA Eq urpment and technology transfer %
of the drspersron model , ‘
8) Fourth Analytical Work Preparation of Draft Final Report

1.2.56 JCA Equipment

The Study utilized equipment possessed by the Brazilian side {Appendix 1-3) and supplied by _:_
JICA in accordance with the requisites stipulated by the JICA Team (Appendix 1-4). Some of the _
equiprnent was purchased in Brazil by JICA. '

Arnong the JICA Equipment, the ambsent air automatrc S0, analyzers had lroub!es wrtrr their '
optical filters after around six months of operatnon The manufacturer mveshgaled tne reasons for
ihe matfunclron and supphed newly desegned filters. Ourlng the rnveshgatron data was not taken
for one 1o three months at several rnonrtonng stations Also one prlot tube velocrty meter had its

sensor broken for some unknown reason. The JICA Team reparred it in Japan and brought it
back to Brazil. Other equipment was_ mobifized in place of the v_eTocrly meter during the repairs.

1.2.6 - Technology Transfer

All the measurements and monitoring at the sites were carried out with the coeperatioh_ of the -
Brazilian Teams. The JICA Team transferred necés’sary léchnblOgies’ to thé Brazilién side be:?ore '
commencement of the monitoring by Iectures and at the srtes by on- the job tralnrng workrng
logether side by side. Once the transfer was comraleled the J!CA Equrpment was operaled and
maintained by the Brazilian Teams. The detarls ‘of the transfer were set forth m Append:x 1-5
cited from the Interim Report of June, 1996, and in additional matenals
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CHAPTER 2 SOCIOECONOMICAL CONDITIONS
 PERTAINING TO THE POWER SECTOR

" 2.4 Gutrent Socioeconomics 'éh'd'l’)evg!dpmem Plans
2.1.1 oﬁt;ine of Bré'zu' (#bae,#oe?) -

(1) Format country name.: fh'e Federative Républic of Brazil
(2) Location and Area

Loéation : From 05°  16' 20" in north lat. to 33° 44’ 32" in south lat.

~ From34° - 47° 30" in west long. to 73° 59’ 32" in east long.
Area: 8,511,965km? (22.5 times as large as Japan)

(3) Geographicat Features : -

Brazil is roughly classified to the Guiana Highland, the Brazilian Plateau, the Amazon Plain,
the Paraguay Plain and the seaside plain. -About 60% of the country is at or higher than
200 meters'abo'vé the's'e'a level, while the 'pe‘roent'ag‘e of heights over 900 meters above the
" sea Is only 3%: The highest peak is Mr. Pico da Neblina, 3,014 meters above the sea.
The country is blessed with rivers with a plenty of water which are important traffic means.
" Length of rivers where navigationis possible reaches: 44,000km. Among them, the
- Amazon is a long river ranked the second m the world. Area of this river basin in the
+country, 4, 778 372km accounts for 56% of the territory of Brazil. Tolal length of the Sao
: Francisco Rwer is 3, 161 km and runs between the centra! heights and the Atiantico heights.
The Parana Rwer has many wateifalls such as lguazu andis nc_h in water power resources.

© 1 (4) Climate :

~ As the counlry is vast, 'climate in each district is different. Clitnate is that of tropical rain
“forést in the north sectuon (the Amazon zone etc.), subtropicat climate in the central heights
and the seaside plam (Brazulra Rio etc. ) semi-desert dry climate in the mountainous zone in
the northeast sectron and tem perale climate m the south section (Sao Paulo and southward).
“The' avetage annua! precupntatuon ranges from 700mm in the dry area to 3, 000mm in the
* tropical rain forest area. -

(5) Population : 159 million {estimated in 1695)
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“(6) Administration :

" The four-year president system is employed. - The country is divided to 26 states including
the Brazifian Metropolitan area and oné federal district. Governors and assemblies are
selected by direct election.  Two stales with the districts covered by this investigation, Santa
Catatina and Rio Grande do Sul, are located at the southernmost end.

(7) Language: Portuguese (official language)
(8) Religion

Brazi! is lﬁ'e_'e'targe:s‘l Catholic country in the world. About 90% of the people are Catholics
and the percentage of Protestants is approximately 7%.

2.1.2 Economic Summary and Poficies for Economic Development
- {H)Ecoriomic Policies

In December, 1993, the economic stabitizing opératioh was sel out by Cardoso, Finance
 Minister at that time (the present President). Later, the pfan was named the "Real Plan”
after the name of new currency. - The result has brought a great tuning point in Brazil. The
Federal Government acted firmly to maintain monetary stability by credit restriclion, the
maintenance of high interest rates, change in the exchange rate poficy with the creation of
currency bands, the limitation of the import of goods, etc: it changéd the nidné_tary unit' from
the Crusado ta the Real on July 1, 1994. Notably the policies génerate a strong reduction in
“the market liquidity, cooling of the growth rate of industrial expansion and the control of
inflation. Annual inflation rate of 2,668.5 % in 1994 was reduced to 23% at the late of 1995.
During the Study, the monetary conversion of one U.S. Dollar has been changed
substantially in the small rate from R$ 0.895 i June, 1995 to R$ 1.035 in March, 1997.

-(2) Movemients after Introduction of New Currency (Real) - -
- Policies for finance and excﬁangé are a key {o 'mainlair_rstabi!ity_ of present -Bra:zil:i'an
economy. Backed by rapid increase in-domestic demand, the great growth have been

maintained after introduction of Real. 'In the meantime, due to & series of tight-money
actions by the Goverament, dectine of production activities became remarkable in the
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second half of 1895,  Although the rate of economic grow In 1985 was 4.2%, uncertainty
about the future Is still remained.

@3) Characterislics of Biazilian Economy: fram the past to the present

® Brazilian economy sticcessfully ranked among middle devetOped countnes in the latter half
 of 1970 asa result of high ecénomic growth from 1960s to 1970s

@ However, the industnal structure betame buased and so—called support:ng industry was
changing wuthout being mature due to rapid mdustnahzahon In addition, monopolistic and
oligopolistic featires was formed.  For example, the nucieuses of main industrial
depariments were limited to national enterprises and to a part of large native capitals and
'fore:gn~aff liated cornpanies In addition to payment of obltgations to foreign countries, ‘
‘expoil incentives were fequtred to realize the trade surptus to be used for the' payment
Furthermore, public fi nance had resuited in suffering chronic deficits because fi nanmatly
supptementary pa_ymenl_s 10 national enterprises increased due to the policy of relatively
lower public ulilities rates regardiess of increase in costs.

@ In 19903 .t'was'decided' thal what would be aimed at should be policies for
"I:beral:zat;onlopemng of economy by, for. exampte, ptaemg national enterprises under
private management and by- Irberahzmg import.  The first organization placed under

_ private management in October1991 was Usiminas fron Mill. Orgamzattonsmthe electric

| . power department are also betng ptaced 'under pnvate management now.

@ In the electnc power sector a bltl o establish the Electnc Power Agenc:y was passed in the
" Lower House and sent to the Upper House in Juty 1996 The purpose of tha Agency IS to
coordinate, probtems regardmg pnvate management in the electric power sector such as
Electric Power Public Corporation (ELETROBRAS) As to ELETROBRAS it was known
thal, in late July 1996, a tender was made for consulting works to place five thermal efeclric
power planis, five hydroelectric plants, and Manaus and Bolivista Electric Power Systems
under private management. - All of them are parts of the‘ ELETROBRAS organization.,

® 'Brazit held the tenth place in the worid GNP in 1893, and now takes the position following
‘advanced countries wtth G?’countries as a center. GNP and GDP of Brazil are shown in
Table 2.4.1. In consideration of the vast teritory, abundant underground resources,
blentiful'labor'eto. there"ate Iim_tttess possibilities regarding its future.
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Table 2.1.4  Gross Product in Braztl
- (# 046, 055, 056 062)_

{ , Gr_oss National Product: {  Gross Domestic Product
[US million § in 1993 . Ab58504 507,353
_ - ditto in 1991 ' 442,698 - 405,771
luss per capita in 1995 X N
1993 - 2930 3,242
“dito in 1991 _ 2,920 2,677
diftoin 1990 - 2680 semmsis
Average growth in 1983-93 | __26% 2.2%
N diﬂo in 1980-014 : 2 5% 2.5%

Note Dnstnbutaon of Gross Domestac Produchon (#055)
- Agnculture 11%, Induslr:es 37% and Sennces 52% in 1991

" 2.'1_7.'3 Edergy ahd_Resefves in Brazil

The energy and reservés in Brazil is shown in Table 2.4.2

Tabte 2.4.2 Energy and Reserves in Brazil (1994) (#050)

unit |Measured/| Inferred/ | Total - | Annual | Annual | ~Ratio -
Indicated/ | Estimated| Reserved | Consumpt- | Product-
_ _ Inventoried|. (T - don_ | ion (A} (T)!(A)

Petroleum | 10°m° | 658,906  349,228] 1,008,134 74,418] 38,766 28
INaturat Gas | 10°m® | - 146,476] -~ 86,915 :233391] - 5,136} . 7,756 730
Shate Oil . | 10°m® { 445,100} 8,402,000 9,847.100| ~  nal  nal n.a.
Coal 10°t . 10,157] = 22239 32,396| see below, see below] - n.a.
Steam Coal |  10°t naj n.a. pal o B421 519 6,242
Metal.Coal”? | 10°t . na n.a. " pa. 10.61 - 0.05 n.a.
- [Hydraulic  [GWyear]- 827 = 518 13459  ~ nal - 28] 438
Nuclear tons-U*|  192.540] 108,950] | 301,490 U0 0 na.
Peat 107 t 129,330]  357,960] - 487 200 " naj - na. na.

Note:

1) Metal. Coal: for meta"urg:ca! use, almostlmpoﬂed

2) The Iargest poten’ual power generated dunng the worst hydrologlcal penod
3)na Pot avallable in the referenice SR S o

2.2 Electric Sector’ih’ 8razil

2.21 General Overview of Electric Sector in Brazil -~ -

(1) Organization

The electric sector In Brazil has been controlied by Centrals Electricas Brasileiras (ELETROBRAS)
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subject to the jurisdiction of the Departamenio Nacional de Aguas e Energia Elétrica (DNAEE),

which is. one of orgamzatlon in the Mmlstry of Mine and Energy (MME). DNAEE has the rights of

controlhng and overseelng transmission and distribution of electric power including making plans for
generation p!ants, !lcensmg. setting up electric price, etc: Accordingly, ELETROBRAS makes solid

“plans and executes the plans, and raises funds for the execution. ELETROBRAS has four regional

electric power companies under its  direct control; ELETRONORTE, CHESF, FURNAS and
ELETROSUL, which cover respectively from the north, northeasl, southeast and south of Brazil. The
regional companies sell their product o state power companies which sell it to end users in each

B s_tate_.kThe state power companies can also generate electric power in their own planls. Besides the
- public power plants controlied by ELETROBRAS, :th'er'e are planls generate power for self use. Fig.
2.2.4 shows the organization of the electric sector in Brazil.

ELETROSUL covers for four states, i.e. Parana, Santa Calarina, Rio Grande do Sul and Mato
Grosso do Sul. CEEE is for the state of Rio Grande so Sul.

I*Mh;e |

| ELETROBRAS | | onaee ]

EetroNonTe] [ cHesF | [ Furnas | [EteTRosuL]

:,....._. .................... e T X Y

[ ceEse Jl CEEE I'I" COPEL | [ ENERSUL

GenefaI o o PRIVATE POWER COMPANY
i Supemson Gmdance elc. Lo :
——— Control exeo_mon p4ans etc
......... Eiecmmy Supply eIC .

- ”_Fig._z.z.j "'o__rg_anizaucsh‘ of Electric Power Sector in Brazil
(A part of the organization which does not relate to the Study is omitted)

(2) Power Generation

" The generated and consumed amounts of électricity and generation capacity by energy
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sources are respectively shown in Table 2.2.1 and 2.2.2. The hydréuli'c’: sSource generates
about 93% of all eléctricity in Brazil. Table 2 2.3 shows installed capac:ty of power plants.
"~ Again the hydro power accourits majonty of the capacnty 87%. '

‘The ltaipu - Plant mentioned in" Table 2. 2.3 was the hydraullc power plant constructed
cooperatively by Brazil and Paraguay. Brazil has arightto use 50% of the total generation. The
itaipu Plant has a installed capacity of 12, 600 MW and generalion capacity of 70,000 GWh.
- The nuclear plant given in Table 2.2.2 has been in operation from 1984 and the maximum
producllon in the past was 3381 GWh in 1985 which was 5% of lhe mstalled capacﬂy Annual
- averagé load factors were 55.5% for hydraullc ang 24, % for thermal in 1994 inall of the
public and private plants. ' B ' '

~Table 2.2 Electricity in Brazil

Year |Public Power| Private Production Import | Expor Loss & Total -~

~{- Plants . Plants 4 . | Adjustmient [Consumption
|1980 | 210,913 11,907 | 26545 | -7 -31,701 217,657
1992 | 228,711 13,020 | 24,022 -8 -35,273 230,472
1994 | 245,593 16,089 - |- 31,657 -0 _-41,830_ |}~ 250,509

Unitin GWh (#050)

Table 2. 2 2 Etecmclty Generatlon by Sources in Braznl (1 994) (#050)

Sources Pubhc Plants anate Plants '

, GWh % GWh Yo
Natural Gas 0 . 418 . 276
|Coal L '3.405] - 1.26] . 214 ~1.42
. |Firewood . - Lo 91 640).
- IBagasse - : ] c-| 722,348] - - 15.58]
" IBlack Liquor -l - 1,807] - 11.98
|Other Waste - - 1,7521 118
. |Diesel Oil 1,841 0750 - 0319 211 -
Fuel Oil 1389 0.57 L 2017 13,37
{Coke ' -l 543 3,60
. {Nuclear . b5 - 0.02 )
Hydraulic 330203 97.40] _ 3.714] 2461
Others - 1,038 .. 6.88
Total 245.593] 100.00] 15,089 100.00]

{3) Counterpart Power Com'paniés

ELETROSUL is a subsidiary of ELETROBRAS as descnbed before CEEE is a company
owned by the Stale of Rio Grande do Sul. The electnc;ty generatton amounls of
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 ELETROSUL and CEEE are given in Tahle 2.2.4.

Table 2.2.3 Installed Capacity of Electric Generation in 1984 (#050)

- Thermal ) ' Nuclear | Hydrautic Total in MW

Public Plants | 4,155 657 | "49.304 54,116
Private Plants | ~ 2,900 0 | - 624 3524
Tolalin MW | 7,055 _ 857 | 49,928 | 57,640

" Note: 1) includes half of italpu Ptant {tola! installed capacity 12,600 MW) -

ELETROSUL selis its generated power to FURNAS (a subsidiary of ELETROBRAS) and the
 four soi}théfn' state companies of Parana, Santa Catdrina, Rio Grande do Sul (CEEE) and

Maio Grosso do Sul; around 36 % of its production to CEEE. On the other hand, CEEE
' "generate eiectncuty in its own power plants, and dislribtite and sell it together with the one
purchased from ELETROSUL to mdustnal commeraal rural and residential customers in
| almost 98% of Rio Grande do SuF Its sales amounts was 13 268 GWh in 1993 (#036)

Table '2.'2.'4 Po»izer Generation by Counterpart Companies -

“Installed Gapacity in MW (1993) | Generation in GWh
N _ Coal | Ol |Hydraulic] Total |Coal & Qil{Hydraulic| Total
[ELETROSUL | 554 | 66 | 2602 13222 {1,787 [13,469 | 15256
CEEE | 446 | - 820 11,266 | 2483 | 3,758 | 6,241
' Souirce:1) Generation data in 1994 for ELETROSUL (#051) and 1993 for CEEE (#036)
-2) Installed capacity dala from (#036, and 057) '

“Thie two companies are the exceptions in' Brazil who generate electricity from coal in
: ‘substantial arounts. -

(4) Coazl fbr Power Genération

" Coal power genération in Brazil not only shoulders a supplementary role for hydraulic power
o geﬂe"ra'tion,' but also b‘onth’b_utes to keeping coal business in this country. Although the coal
: consum_btidn is still fow in terms of the amount of energies supplied in whole of Brazil, being
- 5%, it is expected thal coal will be increasingly used mainly as a fuet for thermal power
 generation in the future, according to steady growth of electiicity demand. Table 2.2.5 is to
E sh'ow c_oal' reéeryes and p'roductidn in Brazil.

Total coal reserves in lhe Whofe of Brazil are identified to be about 32 3 bitlion tons, -and of
this fig gure aboul 17. 1 bslhon tons have been marngaIty indicated to be mined for. Coal fields
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are concentrated in the States of Rio Grande do Sul and Santa Catarina, the southeérn parts
of Brazil. Allhough there are small mines in the States of Parana ang Sao Paulo, their
reserves and producuon are negligibly $mall. Appendlx 2-1 is t6 show coal production in
Brazﬂ and its sulfur conlents '

‘tn 1993, about 4.7 mitlion tons of coal were produced, and all of them were consumed
domestically. The Brazilian coal is low grade coal with generally such properties as high ash
content, high oxygen, Iowoaloriﬁo value and lack of oaking.- It is used mainly os a fuel
(#046,049)

Table 2.2.5 Coal in Brazil (#053) -

.‘S"tale_ Measured/ E'_s_limated “Total R’es'erves-' T Productnon in 1993

Ind[catedf - C . . L

tons 10° | tons 10° | tons10%-] % tons 100 [ %_ o
Sao Paulo 4,50 400 . . 850 ., 003 - spal o -
Parana 101.54 265 104.49 - 0.32|- -~ 155.18 33
Santa Catarina 2.321.60] 1,041.40 3,363.00 1042 -2,102.63 44.6
Rio Grande do Sul| " 14,644.14] - 14,169.30] 28.803.44] - £9.23| " 2 452.48| . 52.1
Total Brazil : 1?.07'1 78 15,20?.3_5 32,279. 13 100.00 100.0{

- 4,710.27

The total energy. consumptnon in Brazil in 1994 was 199 134, 000 tons on!—equ:valent (toe),
| whereas 1 ,938,000 toe was suppned by coal- power generatlon being 1% or less in 1994
(#050). Coal is expected to be used mcreasmgly as a fuel for power generatlon in the future,
riding alony steady increase in e!ectncaty demand in diffi culty of hydrauhc power source
development, and giving secunty of power supply in shortage of rain.: The Slate of Rio
Grande do Sul which has 86% of ihe coal reserves of Brazil, has expected to increase coal
participation in energy generation to be 55%. Coal mining is the major means of living for

near-by people.

Meanwhile, the Rio Grande do Sul State Mmlng Corporation is propos:ng the partnersh:p
with-a private sector for the expioitatlon of the chemical-industrial comptex of Candlo!a
{#052). Candiota reserves amount 3.0 billion tons of coal and produces aver 200, 000
tonsfmonth by open mining.

(5) Gas for Power Generation
The state of Rio Grande do Sul has alrea'dy'i agreed with the ‘Afge’ntineaﬁ_ ﬁalionél__bil a2
- company, YPF, for undertaking a project to oonslr_uc_t 440 km gas line to Urguaiana, the

_ border city between Argentina and Rio Grande ‘do Sul. The state government intends to
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" have arranged concessions for the construction and operation of the 316 MW single cycle
{or 450 MW combined cycle) gas power station in Urguaiana by private entrepreneurs
(#052}. Natural gas is also coming from Bolivia through 500 km exiension of lines from Sao
Paulo to Porto Alegre, the capilat of Rio Grande do Sul, for industrial and public uses.

2.2.2 Policy for Power Generation
(1) Generation expansion plan

In 1992, ELETROBRAS set forth a ten-year(1993 to 2002) expansion plan. It was estimated
in this plan that the annual growth rate of the eleclricity consumption would reach 5.5% in
1692 to 1997 and 5.7% in 1997 to 2002, respeclively. Although the plan has been promoted
enthusiastically, it is delayed considerably because of shortage of funds, influence of
suspension of credit granted by international financial institutions, etc.

(2) Privatization

The monopoly in general is no longer in accordance with demands imposed by the
economic reality which has market regulated price and quality as a basic competitiveness
factor. The federal government begins to privalize various seclors, no exception of the
electric sector. iLis expected to undergo great changes. The Ministry of Mines and Energy is
planning to have international consultants for the services of remodeling the Brazitian
electric sector. Actually, ESCELSA (the State of Espirito Santo) was privatized with the
transfer of the controlling shares to thé private sector.

‘The legislative assembly of Rio Grande do Sul approved to offer 49% of shares to a private
enterprise (# 052). CEEE is now studying the shape of the company, involvement of the
state government, etc. With regard to the Candiota Hi (the new unit), CEEE has been
decided that the 33% of its whole shares will be hold by private hands, the 33% by

' ELETROBRAS and the rest by the state in accordance with the decision of the state
congress. The specified time limit for inviting tenders is now postponed because no private

_ company has participated in tender for the consortium (deadline August, 1996) at a present.
Following are' the scheme CEEE has in mind:

" a) One thermal power plant is to be held by divided ownership of private company, MME
(ELETROBRAS or ELETROSUL) at the state (CEEE).
b) Three electric power distribution dépaﬂments : two of them are 1o be s01d to private
“hands and the reralning one is to be placed under the states’ management.
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.¢).One hydréulic power piahl and one power fransmission depariment are to be
‘continued operating and their rights of management are to be maintained by holding
51% of shares by public hands and selling 49% the rést to private hands:

ELETROSUL is also fooking for a partner of some projected plants' ownership. As for
construction of the Jacui plant, ELETROSUL is planning fo introduce private funds (U.S.
companies etc.) and to purchase electricity from the newly established company (JACUI
GENERATING COMPANY) on a 20 years contract.
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CHAPTER 3 Environmental Air Regutations
3.1 Environniental Policy in Brazil

‘Envirenmental fegistation in Brazil dates back to 1973 arid was imodeled mostiy after U. S.

law relying heavily on its_étandards and zoning. At that time, Brazil established a national
Spedial Secretariat for the EnVirOnmént within the Interior Ministry. Beginning in 1974, some
St_ate Environmeht_al' Protection Agencies were created.

The natlonal envuonment management framework has since Undergone peI’IOdlC re\nsnon
in 1981, the Governmem estabhshed the Natlonal Enwronmenl Pian and the Nahonai
Environment System (S!SNAMA) ~ Law 6938!1981 In 1984, a Nat;onal Environniént
Council (CONAMA) was establlshed to oversee SlSNAMA 1988, the federal agencies were
mtegrated into the Braznlian lnshtute of Enwronmen! and Natural Résources {{BAMA), which

maintains a supenntendency in each state and focuses mainly on resource managemenk
and conservation issues. Immedaately after the promu!gahon of the Constitution, in 1989
while the spirit of mobilizatin in defense of the environment still prevatled the program “Our
Nature was launched consnstmg of a set of proposa!s for legisiative and institutional

' mprovemenl in 1994 -a National Ministry of Environment, Water Resources and Legal
Amazon (MMA) was established of which IBAMA Is now a pait.

-The federal legal framework is designed to provide overall guidance and to set broad
ambient quality objectives and minimum compliance requirements. Legistation explicitly
recognizes the right of states to set tighter poliution standards or to issue supplemental state
legislation. At the national level thete are the PROAGUA {national water quality) program
% ' .+ and:the 'P_RO_NAR.__ (national alf quality conltrol) - program.. Most of the supervisory and
- enforcement functions including licensing, monitoring and fines are left to the states; Yet in
‘ ‘(’:asee where a state agency cahnot assume these responsibilities, the federal agency
(IBAMA) must theoretically intervene. : '

3.2 ‘Envirenmental Air Quality Standards

 3.2:4 Environmental Air Quality Standards

The environriental air quality standards (Regulation No.231:in April; 1976 and Decision
U No.3 in-June,” 1990) '(#01)' stipulated -By the federal government is shown in Table
- 3.21.These are the allowable maxamtim concentrations of air pollutanls which may affect
: '-ithe human health, safety and we:fare of inhabitants, and also may damage ihe general and
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habitat environment of animal and plant if one of them would be exceeded.

Table 3.2.1 Environmental Alr Quality Standa_rds In Brazil

[ Poilutants

M'e'asurin.g Methods: givenor e'qui'vale_nl :

Averaging | Primary . [Secondary , jiven
Time Criteria Criteria approved by CONAMA
TSP Annual 80 60 H:gh-volume airsampler :
. ’ 24 hours* 240 - 160 . |difto - :
Smoke Annual . B0 - 40 Reﬂeclance
‘ 24 hours* 180 .| 100  Iditto -
Inhatant Annual 50 | - 50 Inemalseparatlon ang ﬁilratlon
Particulates | -24 hours* 160 .| 150 [ditto. . = L
SO, | Annual ‘80 | 40 |Para- rosambne
24hours* | 365 | 100 l|ditto’
co. . | 8 hours* |:10,000 7*]10,000 : {Non-dispersion infrared absorption '
- . CSthour* | 40,000 ..140,000 |ditto . : . o ‘
Qs “fhour* | . 160 - 160 - Chemllumlnescence
NO, ““Annual 400 © t - 100 '|Chemiluminescence
' thour || 320 1. 180 iditlo - :
Unitin microgramslm (25°C 760mmHg)(#01)
- Notes:

‘1) The alr guality with * should not exceed the limit shown in the abcve more than once a year. .

2) The pnmary citeria indicates the maximum concenirations of air pollutanis which may affect the human
health of inhabitants if excéeded. It is a short and Inletmedla!e term target.

3) The secondary criteria indicates the maximum concentrations of air potluianls under which damages to
the welfare of inhabitants, and habitat and generat environment of animal and plant are expecled to be
minimum. ' ' ' '

4) Measuring methods should be those shown in thé table or equivalents.

Each State has the 'responsibiiity to assign the area crileria. Acwa?ly. t"he brimary criteria is
‘in vigor. There is no such area ass:gned as the’ secondary cntena as of June, 1996. State of
Santa Catarina has requested the TSP measuremenl frequency 10 be 24 hours in 6 days.
There is no such requirement in the Federative. ' '

For reference, the Brazilian air quality slandards'are compared with those of Japan and the
Guidelines of World Bank (WB) and World Health organizauon' (WHO), in Ap‘p'e‘ndix :'*.’.,1 A,

The warning levels of air quahty are also shown in Table 322 (#01) The warning means

-the advent of high concentration in a short time as a resuit of meteorological condltrons_ '

unfavorable for the dispersion of poi!utants It w:ll be declared in conmderat:on of such

factors not only concentrallon of respectwe poliutants, but also meteorological forecast, elc.

Three levels are determined 10 judge the dec!arat:on K- cautaon alert, and. emergency

§ 3_2
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The emergency level will be declared when it is expecled that meteorologicat conditions are
unfavorable to the dispersion of poliutants for 24 hours or more, and at least one of the
" conditions in Table 3.2.2 appears.

~ Table 3.2.2 - Levels for Warning Declaration

~ Poliutants - |Averaging . _Levels :

'. Time Caution Alert | Emergency
rsp o v I 24hours | . 375 | 625 - 875
Smoke . . | 1 hour 250 420 | 500
Inhalant Partrculates 24hours | 250 420 -~ 500
SQ, . 24hbouis | . 800 .| 1600 2,100
GO - c | 8hours 17,000 34,000 - | 46,000
Qs o L Ahour. | . 400 | - -800 1,000
"INO; - . 1. thour S 1,130 2260 | - 3,000
TSP x SO, 24 hours 165,000 261,000 393,000

Unit:micrograms/m® (25°C, 760 mmHg) (#001)

I case the 'Emergency is declared, in order to improve the air quality, an environmental
orgamzatron of the state calls for rmmedaate reductlon of pollutant emissions lo each public
| corporatron and prrvate companres by means of cutting. oﬁ their produclron and changing

" fuel used to high quality one.

3.2.2 Emié_sion S_ton_dards
(1) Ermission standards in Brazil

The emission standards of poliutants from external combustion sources determined by the
| ‘federal government (CONAMAOOB)(Decree No 8,in December 1990 #02) are summanzed

‘ wrth the potenlaal nommal capacﬂy of sources. the category of area and the fuel burnt, and
are delermined as lhe quantrty of pollutants emitted per heat mput to the source.

 The categorized areas are as follows in the Decree No. 5 de junho de 1989 (#03):

Classl Natronal parks slate parks ecosyslem preservatlon areas mrneral spring areas,
secure areas such as troplcal waters leisure spots and sightseerng resons:
Al quahty of thls area must be kepl at a level as closely as possrble not to be
affecled by any human activity.
" Class Il - Areas where the degradation level of air quality is restricted by the secondary
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criteria. . : _
Class lli: Developmental ateas where tlre degradatlon fevel of air qualrty Is restrrcted by
the primary criteria,

Table 3.2.3 Emisslon Standards of Pollutants (#02) -

Fuel [Output] -~ Area | TSP Smokeaeolor %] S0;: Arf)nu'lal:
: : . [ rael

MW [Classification| g/10° | Ringelman- | -g/M10° |consump-

o | keal |'. Scale -1 keal - | tion . 4)

Sod<7o | ¥ | 120 | <200rNo.1.§:2000 |- 3,000¢

Coal AW ] 1500 | <250rNo.1 | 5000 | —- '
S0V m | 7800 | <200rNo.1 | 2000 | —
<70 | P 7420 [ <200rNo. 1 [ 2,000 | 3,000

Oil AL 350 | <250rNo.1 | 5000 —
C>7ot | i | 120 _<_20'or'No".1' ~2,000 | —

Noles 1) Sources more than 70 MW are not attowed to mslall in Area C!ass I
2)No economrc actrwly which causes air pollutron is altowed in lhe area where air
qual ty should be preserved The grven emlssmns are allowed only in lhe area

where alr qualrty should be’ conserved ‘stich’ areas as l'or lersure lounst

altraction, mineral water and hot spring.

3) Except for the cases of clean:ng and of marntenance of the source _

4) Approval is mandatory from the State Enwronmenlal Agency for the annuat
fuel oil consumption of more than 3,000 tons, and for combustion of other fuels.

(2)Emissio_n Standards for Counterpart Power 'Plants\ -

CONAMA's emlssron standards wrll be applred to new and oxpandmg thermal power ptants
Therefore, the exlstrng facrlrlres of three coal power plats in Jorge Lacerda, Charqueadas
and Candiota are excluded from the appl:catron ol CONAMA’s emrssron standards.
However, as a condrtron of operalron permrssron of new and expandlng power plants. the
power corporalrons have concluded agreements with FATMA or FEPAM to controi
emissions of totat suspended partrculate ‘nitrogen oxides, and sulfur droxrde lrom their
stacks rncludmg lhe exrslrng l‘acrlmes besides new and expandtng facrlrtres, under the

emlssron rates specrf ed in the agreements in order lo prevent arr pollutron The agreed '

emission rates applred to the above—mentroned power plants are as shown in Table 3 2.4.
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Table 3.2.4 Emission Allowance Agreed with State

T [ [ | Reled | CONAMAs FATMAFEPAM 's T
Power Plant { Unit [ No ‘?:1‘3}‘)‘. Standards | ‘Allowance. Remarks
S = R e - TSP I_SOz TSP |; NOx l_S_Oz
Al |1 ] 5. o C
_ . 2 50 . ) Total amounts of sulfur- in
Jorge . Exist A:['I 3T '6’6: —{ NotAppiicable | coa at' any output rate { 1/1997
Lacerda 3 66 should be less than the
o sulfur equivalent to 2.2%
s8Il |5 126 contents in average coal at
L 6| 1256 _ the full rated output.
B [ | 350 o
_ B 1 48 » _ _
queadas 3 is Not Applicable N r”;!ih’l of 2005
4 18
140mg/m°N
1+ | =] 350 (2t 280MW) | 620mg/ | 1500 | atthe time
.| exp. ' gsmatm’N | mN mgs | of
Jacui (at 175MW) m'N operation
1 400mg/ . 400 b the. year
A 2 gg _ 80mg/m®N | m*N mg/ o¥ 2004
: s ppli : m'N
Candiotd | et 1 160 Not Applicable 680mg! | 2100 | by the year
B > | 160 Undecided | m°N mg/ | of 2002
265mgim°N -
. - - (at 280MW) | Undecid | 2000 [ at the timie
Exp. il 350 100mgm®N | ed mg/ | of
{at 158MW) TN operation
{0,= 6%)

Severer emission allowance rates are applied to the existing units than to new and
expanding units in Charqueadas and Candiota, although the existing units have smaller '
capacities. Small-sized old units reduire high cost for modification and have lower
efficiency than that of targe-sized ones. it seems not rational to apply severer emission
rates (concentration standards) to the existing units than to the new ones, because the
influence of poliutants on surrounding environmental air does not depend on the
concentration of emission from stacks but on the amount of emission for an unit time.

_In géneral, even if the concentration is low, the targe-sized units influence more, and even
if the boncent'rat_ion is high, small-sized units influence less on the surrounding regions.
: :Thérefore, it is more :advantagéous'i’n the aspect of investment cost to apply severer
émi'ssid'n standards to new large-sized units and, if doing so, influence on air quality will be
~ able to be reduced.



CONAMA s stendards value, 10° Kcai is equwalenl to about 1 ,600m°N of the amount of
flue gas w:lh residual Oy concentrat:on of * 8%. Accordlngly, TSP 8009!106 Keal is
equivalent to 500mg/mN, and SOz 2.000g/10° Kcal to 1,260mg/m*N, respechvely The
exact amounl of flue gas is determmed by the composmon of fuel coal and the amounl
combustlon air (the amount of resuiual oxygen).

 For tefefence, a comparison among the emission standards of coal combustion in Brazil,
Japan and Guideline of World Bank (WB) is shown in Appendix 3.2.1
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CHAPTER 4 CURHRENT AIR QUALITIES
1 - Meteorology
411 Measuremient Method -

The netradiation was measured at one station in each region. Data on wind direction, wind
" speed and solar radiation were obtalned through the ex:slmg instruments(Table 4.1.1). The
location of the: meteorology monitorlng stations are shown along with the location of the
automated monitoring stations in Figure 4.2.1, and the exrslmg rnstrumems and the list of JICA
~ owned instruments are on _Appendsx 1-3 and 1-4. The measurement was conducted from
" March 1996 to February 1997, and all observed values are organized as hourly data
- (Appendix 4-1). ‘

Table 4.1.1 Meteorology Monitoring Stations and Measured items

o o . Wind Direction,
Power Plant Net Radiadtion Wind Speed, and
S - : ' L Solar Radiation
Jorge Lacerda Capivari - Power Plant
Charqueadas = | -DEPREC ~ Jacui
~_Candiota : _Airport ~Airport
Note : Sotar radiation values of Airport (Candiola) wére abnormal, therefore not
used for further analysis.

412 Mete_oro[ogy Characteris_tics

':Calm frequency was high (11 5 %) and the average wing speed was 2.0 m/s al Jorge Lacerda.
h The wmd was the weakest at Jorge Lacerda. On the other hand the wind at Candiota was
.ihe strongesl and lhe calm frequency and the average wind speed were 3.7 % and 3.4 m/s
respectrvely At Charqueadas the extent of wind speed was the meddie of the other two
regions, and the calm frequency and the average ‘wind speed were 7.0 % and 23 m/s. The -
fr_equen_cy of the most frequently observed wind direction was 12.0% in easterly (E) at Jorge
Lacerda, 25.5% in south-easterly (SE) at Charqueadas, and 15.5% in easterly (E) at Candiota.
The highest fréquency occtired al Charqueads in south-easterly (SE) direction (Figure 4.1.1).
‘Wind roSe’ dia'gram by month is shown on Ap pendix 4-2.

The hrghest frequency of wmd speed class was 1.0 to’ 1.9m/s in Jorge Lacerda and
Charqueadas, and 4 0 l0 4.9m/sin Candiota. - High frequency observed at high wind speed in
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Candiota is a distinctive feature (Figure 4.1.2).

Ttie atmospheric stability was determined frof_n data on wind speed, solar radiation and net
radiation. However, as the solar radiation data at Candiola showed abriormal values; the
stability was détermiried from wind speed and net fadiation. Estimation process of the
 atmospheric stability i on Appendix 4-3. General featurés of stability In these reglons were
high frequency of strong stable conditions {G} and slroﬁg unstable cOnditiohs_ {Atlo B). High
frequency of strong unstable conditions means the potential high impact from the tall stack of
power plams to the ground conceniratlons The irequenc[es of sirong unslable conditions
were .19.4 % al Jorge Lacerda, 183 % at Charqueadas and 13.3 % at Candiota The
‘ frequency at Jorge Lacerda was the h:ghest (Flgure 4.1 3) '

Al three regions have common daily patlern, high values during daytime, for wind speed, solar
radiation, and net radiation. No clear seasonal change was observed by monthly pattern of
wind speed, but observed high Solar radiation in'summer and low in winter (Appendix 4-4).

As results from the consideration above, the meteorological conditions at Jorge Laceda with
{he weakest wind ahd the highest {req'uency of unstable conditions tend 10 cause air pollution,
and Gandiola has the less possibility of air pollution because of the strong wund and the low
frequency of unstable conditions.

42 Automated Continuous Alr Quali'ty. Monitorin‘g
4.2.¢ - Measurement Method

Each three automated continuous monitoring stations were installed af Jorge Lacerda,
Charqueadas, and'Candiota Sulfur d|ox;de (802) concentranons were momtored at each
three stations, and nltrogen ox;des (NOX, NOz, and NO) ooncentranons at each one stallon in
each regaon '('i'abié# 2.1, Figure 4.2. 1) Instrument cal!ed infra red absorpt:on was used to
measure SO,, and chemnummescence was used to measure NO, More__de_tasls_ of the

measurement insiruments are shown in Appenchx 1-4
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s s = 2.
n/sec ¥=6915 n/sec N=5663

CANDIOTA

——— Frequancy of Wind Direction
— -~ Average of Wind Spead
Calr: [ass than 0.5 m/sac

U=: Ave, of wind spood [m/sec)
N=: MNrder of sapls

Figure 4.1.1 - Annual Wind Rose - Year: 1996 (Mar. to Feb.)
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Jorge Lacerda Power Plant

@
.60 -
' "LACERDA
RIS
;"_‘l 4
g *5-""5 :
oyl
gloo ,ii o IS tosti r'_"
AABBBCCCDanDE F G
Charqneadas Po“er Plant
{x)
60 [
JACHI
L T
.Hir _ -.ii'ﬁ‘ﬁ'ﬁé ?1"
ommhﬁﬁﬁ AR
A AB

BECCCDODDE F ©

Candioia Power Plant

®
e

© AIRPORT
40}
20t - N |
ommﬂmnmriiﬂu
AMBE C(dsDE F ¢

Figure 4.1.3 Stability Frequency

4.5

Year 1986 Mar 1o 1997 Fed



j L 22~ L2 o> L AW -2 i 3
— ———-@— 3 8 TN A S S ' — \ ) _Tﬁ'?rﬁ‘r
® X I . . .
!
I & G
1 . N N _
% @ ==
-~ | ite Capvanly, /g7 o2
] AW
l.
Tubzzas
18O\
119/
, ' AN
¥% :Power Plant ' e o - - IO(km)
A:Automated Continuous Monitoring Stations
® :Simple Monitoring Statiens
Code Siation Name Code] -~ Station Name Foresl
~ 1 |Banhado da Estiva "11 JEseola Jose Botega: o B
2 [Tgreja de Sao Sebastiao 12 JEstrada Geral Treze de Maio |- E:I Agricuttural
3 [Campo dos Bandeirantes 13 [Colegio Gallotti : ; _
4 JTuarist Hotel 14 VCapivari e '/ L '
o o ‘ : 7 Paddy field
5 [Ribeirab da Pescaria Brava 16 |Oficians . . ////7/ : y
& |Sao Bernardo : 16 |lhota Grande ' : manarove
7° |Domingo Saviatto/Ceramica = | 17 |Cachoeira Segunda h 9
8 |Pasts do Gado RFFSA | 18 |Escola Cristinu Avita Wendhausen | . D P
9 |Vila Moema {19 |Lactuba L marshy area
10 |Monte Castelo _ 20 [Cabecudas S E o
Noteé: Stations in bold & italic letters are simply and contmuouslymomtored ‘ _ Village and Town

Figure 4 2. 1(1) Monltonng Stahon Locatlons (Jorge Lacerda)
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A\ :Automated Continuous Monitoring Stations

® :Simple Monitoring Stations

Code| -~ .. Station Name Code| . ' Station Name -
1 JOBJA (Jacu)) 11. JCORSAN
- 2 \Arranca Tovo 12. JAdi Campos Cornelio
3 |DEPREC 13 Mose Manoel
4" PAntonio Camboim | * 14 |Gilberto Kuball
"6 |Edcola Barao do Jacui 16 |Fazenda Capororca
6 _|Otoli Panta 16 JCOPELMI
"7 |Bscola Vasconcelos Jardim 17 [Pedro Ferreira
8. TelomdM'achi_'i ' i 18 Per_ii_tén'ciaria Est. do Jacui
9 |Estola Afonso M. Coelho- 1 19 |Inelio da Rosa
" 10 [Hospital Sao Jeroninio 20 fFernando Kroeff

- Note: Stations in bold & italic letters are simply and continuously monitored.

Genera 3, ,
= . Camar 9 | 7 / i
; 0-TYCARNN £ B o2t
4 D g 1 a %\ . ’
¢ Sao I 0 B\ ,,
' CondaJéronimo = |/~ : < .
. . f/ )
' 0
"
// 2 i
@
54 :Pow«;r Plant " 0 O 10le

' 'Forest

-Paqdy field
Fruitis farm

: Laké

- Rio Jacui

Mafshy area

"Vittage and Town

Figure 4.2.1(2) . Monilpriﬁg Station Locations {Charqueadas)
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QVi!'aOperaria E
N .';Vtia'séqs

1 "»Cén‘iént f;'a__c'lory_
a ¢
"'t :Power Plant | | q . lQ(km)

A :Automated Continuous Monitoring Stations

® :Simple Monitoring Stations

Code - Station Namie .~ = Code] - - ' - Station Name .
1 }Trés Lagoas | 11 {Passo do Tigre

2 \Airport - 12 |Barao do Itaqui

3 |Candiota IIT | 13 |8 de Agosto

4 |Brigada Militar : 14 JCORSAN

5 {Lago | 18 [oao Geraldino

6 [ETA. Colegio - | 16 [Pedras Atlas

7 Hereja , 17.|D, Pedro 11

8 [Passo do Arroio B L JOSB_Otai'ioT 7
9 [Hulba Negra ' | 19 |Pinheiro Machado *
10 |Tunet | 20 |Acegua -

- Note: Stations in bold & italic letters are simply and continususly monitored. .

" "Figure 4.2:1(3) Monitoring Station Locations (Cand

.. -Cerﬁent Factory

iota)




“Table 4.2.1  Automated Continuous Monitoring Stations and Measured items

Powef Plant | 1 . -St_afion T .I.tem
S Capivari - | SO;, NO,.
. Jorge Lacerda . | Vila Moema .80, -

Sao Bernardo S0,
' DEPREC S50,, NO,
'Charqueadas Jacui S0,

Arranca Toco | + SO,
Airport | S04 NO,

 Candiota .| Candiotalll.|. - SO,
_ Tres Lagoas S0, .

‘422  Characteristics of 'Pollutant Concentration by Automated Continuous
‘Monitoring of Air Quality :

(1) Comparison with National Criteria
“Annual average values of SO, and NO; are shown in Table 4.2:2, and maximum of daily
o av'étage values and hourly values, afso, cumulative distribution 6f each monitoring slations and

- each items measured are shown in Ap pendix 4-5.

Table 4.2.2 - Results of Automated Continuous Monitoring

Item . - 80, o ' NO, .
- |Station " - |- Averdge Daily Max. | Hourly Max.| Average | Daily Max. | Hourly Max.
_ o+ | Capivarn } 61 .| 36 | 336 b.7 11 ] 44
8 . |viaMoema| 80 54 | 322 - - -
S © " [SaoBernardd 5.2 63 438 - - - -
DEPREC 1.9 o1t 120 3.0 1 - 37
- Jacui 3.7 18 108 - - -
Arranca Tocol - 6.1 39 173 - - -
" Airport | 3.5 A7 182 14 7 20
Candiotalll| 4.5 27 - | 113 . . -
Trés Lagoas] 4.2 - 18 2129 P - .
Standard | 30.56 13944 -~ 53.15 ~ 170.08 |

Unit: ppb
* All ‘the values were much lower than the National  Primary’ Criteria ‘for annual average

(80uG/m*=30.56 ppb) and 24 hours average (365ug/m’=139.44 ppb). The annual average
‘concentrations of S0; at Vila Moema of Jorge Lacerda was thé highest among others to be 8.0
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ppb. - The maxifum concentration of SO, daily averages was the highest at Sao Bemardo.
Generally, SO, concentrations of Jofge Lacerda dre highert than the ones in the other regions.

The annual average concentratton of NO; and the maximum concenlration of NO, hourly
values were the hlghest at Capivari of Jorge Lacerda “The NO, poncenlratlons in Jorge
Lacerda and Charqueadas were almost i in the | sqme range, and the concentrations in Candiota
were lower than the others. Maxi'mum values 6f NO, were also much lower than the Primary
Criteria for annual average (100 ug/m*=53.15 ppb) and hourly value (320 ug/m®=170.08 ppb).

TSP measurements were carried gut using with existed high volume samiplers at each three
~ points in Jorge Lacerda and Charqueadas, and one point in Candiola. Only at Capivari of
Jorge Lacerda, its concentration exceeded the Primary Criteria of 24 hours a’irerage (240

ug/m?) by three times in ohe year span. Measured values of each reg|ons are shown in
Appendix 4-6. '

(2) Analysis of Diurnal Change

Diurnal changes of SO, showed one peak du'ring the daytime, and this phenomenon would be
caused by the tail stacks of power plants because the atmosphere is unstable in the daytime
by solar radiation. - Accordingly, the effect from the tall stack could réach to the ground level,
but contributions from ground-leve! sources like automobiles are weakened by dilution.  Other
low altitude emissions such as vehicle éxha’ust. may have influenced the small peak of Vila
Moema at early evening (Figure 4.2.2).

On the contrary, diurnal changes of NO had two peaks in the mormng and lhe evening which

indicated the pattern to be related with’ traff‘ ics. The contnbulnons from power plants to NO,

concentrations might‘be relatwe!y low, This charactenstlcs a{e esp_ecla_lly_ observed in _

Capivari (Figure 4.2.3).

Common characteristics ‘of monlhiy change of 80, were riot OBSewed "(Api)'eh'&ikﬁ-i-?) but
NO, was high concentration in winter. The result also prove the Iow alutude emissions as the
major pol!utant source for NOx(Figme 4.2, 4). '

{3) Analysis of Relation with'Meteorology

To analyze the relation of amblent air quality and meteorology average concenlration by wind
. direction, and average concentration by stab:hty were used B :
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The analysis of average concentrations by wind directions at Candiota showed good
coincidence between high concentration difections and upward directions of the power plant,
although the concentrations were low (Appendix 4-8). This indicates that the contributions
" from the power plant to the stations is relatively high at Candiota. * Such kind of coincidence
‘was nol clear at Jorge Lacerda. Many other pollutant sources except the power plant would
be there to contribute the poliutant concentrations at Jorge Lacerda.

The averag'e S0, concentrations were :e?_aiivély high under unstable conditions. The tall stacks
would be the reason (Figure 4.2.5). The average NO, concentrations were reia!?Vely_high
urider stabla conditions and may be caused by automobiles. However, the NO, concéntrations
at Capivarl also increased under unstable conditions and some conlributions from the tall
stacks should be considered (Figure 4.2.6).

(4) Current Condition of Ambient Air Quality

As results, SO, and NO, concentrations are much below the criteria and not problematic at
present. - The power. planis could contribute to SO, concenlrations in all regions, and the
confributions from the power plants to NO, concentrations are relatively small compared with
‘the ones from automobiles. The contributions from the power plants 1o TSP concentrations
will be discussed based on the simulation results later. |
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43 Simple Measurement
43.1  Measurement Methods
“In order to supplement monitoring of the ambient air with the fixed automated continuous

analyzers, absorption methods were employed in 20 sampling points around each power
ptanl. Equipment used are listed in Appendix 1:4 and analysis methods are shown in

Table 4.3.1.
.Table 4.3.1 Simple Measurement Methods
Substance L ‘ Absorbent Ana}ysrs Method
| SOzand NO2 | tri ethanol andine - ion chromatography method
% : [NOx .| triethanol amine +PTIO - ion chromatography
. method

in the reg:ons ooncerned 802 in the atmosphere had been measured by the Pbo;_r melhod
| {minimum limit of determrnatlon 6. 25mgl exposure trme) As its concentration was so low,
the method could not detect it at all. -in the Study, used is the ion 6hromatography method
which is 1,000 times more seneitive th’an the PbO, method for detecting SO,. The

" minimum limits of determination in this method are shown as follows: |

. éO’z 0 005mg ! exposure time
NO, 10, 004mg / exposure time
NOx  :0.004mg / exposure time

| 'However, after the actual measurement it was tound that the concentratron of the measured
* subslances was !ower than these ‘minimum  limits. Therefore the measurement was
| performed Wi’ 5 times ‘more sensrtrvrty by increasrng the amount of sample in the ion-
chromatography “The minimum limits of determination of this measurement aré shown as

follows.

' 'S:O;_{' T OOtmg / exposure time
NO, 0 0008mg Iexposure trme

NOx coutd not be measured because rts peak overlapped thal of sam pling matier by PTIO

_ " diie to the hrgher sensrtmty oblained. NOx concentratron was also very fow and it was not
e detected by lhe measurement Wwith 0. 004mg / exposure tinie as the mlnrmum deteimination



limit. In the end, the measurement was performed only for SO, and NO,. “In light of the
need to prevent the column’s deterioration of the ion chromalography, it is believed that
these minimum limits of determination are the limitalion of the analysis.- Even with these
minimum limits, theré were few measuring points where the measured substances were
detected over 7 days of exposure time as originally determ_ined.- ' Therefore, the exposure

time was efongated to one month not only to obtaln the data, but also to improve the
accuracy of the measurement. The results are tabutated in Appendix 4-9A.

4.3.2 Regional Concentration Distributio_n :

The absorptron amounts at the automated contrnuous statrons were compared with the
average concentratrons of SO; and NO, during the same perrods to obtain regression
equations (Appendrx 4-9!3} The absorptron amounts of the samples were converted to
annual average concentrations of pollutants.” However because the corelation’ coeﬂrcrents
for 802 were very low, 302 absorptron amounts were drrectly evaluated. .

Figure 431 shows the annuat average absorptron amount of SO; and annuat ‘average
concenlratron of NOQ of each station.

The regions with high SOz absorptron amounts (0 4 ug per month) spread in WSW to SW and
with the distances of 5 km to 15 km from the power ptant at Jorge Lacerda. Addrng to that,
the wind frequency of E to NNW wére high and the potential inﬂuenee by the power plant
should be considered. The regions with hrgh NOz concentratrons (more than 5 ppb) were
located at SW and E to NNW from the power p!ant

The regions with hrgh 302 absorptron amounts were in two locations of Charqueadas One

was located al NW to W with drstanoe of 10 km to 15 km from the power plant, and the other at
E to ENE wrth the drstance of 1 km to 10 km The former regrons may be tnﬂuenced by the
pow/er plant because the marn wmd drrecuons were SE to ESE. NOe coneentratrone at only
one point near the power plant were high

In Candiola, the regions with high SO, absorption widely spread in$ 'Witti the diat'ancee of 1 km
to 20 km from the power plant, and NW to N wrth the drslances of 5 km to 15 km The other
unknown S0, sources can be suspected. N(}z ooncentratrons were generatty Iow _ '

Some of the Ioeal regsons may be mﬂuenoed by the power ptants and the other poilutant

sources may also be affecting ambrent air quatmee Potlutant sources should be eonsrdered
for locations of momtormg stations, if the new network is ptanned for the air qualrty momtonng
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4.4 Chemical Analyses
- 44,1 Analysis Methods -

“In addition to' the ion-chromatography analyses for the simple air monitoring, several
chemical analyses were applied at the Charqueadas plant laboratory. The  elemental
analyses were entrusted to a local research institute aftér six similar laboratories were
investigated f_or'their instrument in possession, capability, elc. The analyses and equipment
used were as shown in Table 4.4.1 and Appendix 1-3 and 1:4..

Table 4.4.1 Chemical Analysis Methods

Measured Item _ ‘Chemical Analysis Method
Anions and Catiois in rain Ioni-chromatography method (Dyy precipitation
water and dry precipitation after being dissolved unto 500 ml water)
| pH of xain and dry precipitation | pH meter (glass electrode method)
Electric conductivity of ditto Elécti‘o-écinductivity meter
Elements in airborne dust 'Atomic absorption
"I and stack gas particulate : B

4.4.2 Samples
One sample of air borne pariicu!ates and one sample of stack gas particulate (dust or‘ﬂy ash
~_in the Reporl) were collected at éach power plant. - Twice a month for one year, each one

- sample of rain water and dry precipitation were collected at the following sites.

"a) Jorge Lacerda’ . Weather Station

'b) Charqueadas - . - OBJA
¢) Candiota : - Aeroporto and Acegua

- 4.4.3- Results and Evaluations
Fbr rain and- dry precipiiatibh, Appendix:4-10 (analytical data) and 4-11A & B (Data

corre?anon) were. prepared Also Appendix 4-12 was done for the elemental analyses.
Folrowmg are the evaluatuon of the data
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{1} Rain Water and Dry Precipitation

lon balance (ug equivalentd) and theorefical pH value {pHc) were calculated from the
results of analyses for rain water and dry precipitation, and each correlaiiOn'be_tween 1) pH'
and pHe, 2) anions and cations, and 3) total ions and electric conductivity (EC) was
“examined by 'correialion'coeﬂicients (). Also the correlation between Na and Cl was

examined.

The data which are obviously oul of the regression lines are regarded as abnormal values.
The ‘correlation coefficients (%) excluding thesé abnormal data are also shown in
~ Appendix 4-11 B.” :

Réin Water

Cahon (mc!udmg hydrogen ion to balance lhe measured pH) and amon rauo of rain
water is one indéx for accuracy of chemical analysns ‘and the rano should be between
0.8 and 1.2 according to the Japanese gurdehne of acid rain measuremenl (Appendix
4-11C). The sampies satisfying the guideline were only 4 out of 25 at Jorge Lacerda,
1 6ut of 26 at Charqueadas, 2 out of 26 at Gandiota, and 1 out of 24 at _Acegua. The
number of the samples were too small to represent the annual averages of acidity of

rain.

By enlarging the range of the Cation/Anion ratios 10 0.5 and 1.5, thefe remain 17 at

Jorge Lacerda, 9 at Charqueadas, 2 at Candiota, and 4 at Acegua as acceptable data,

of which annual average pH with rain volume weighted were 4.5t, 5.2, 6.31, and 5.91.

The acidity levels wé‘re similar with thosg in Japan (pH 4.3 to 5.2 during fiscal 1988 to-
1990) as Appendix 4-11 D.  Continuation of the measurement with accurate melhods

and well maintained equipment is hrghly recommended

pH and pHe were not correlated for any of the 4 sampling points nor for the 4 eérhpli_ng
points as a whole. in terms of ion balances, the amounl_ of cations generélly eXCeeded
that of anions (distributed around the ‘upper part of the correlation 'g"'raphs' (see
Appendrx 4-11 A)) and pHe was calcutated as alkahne. whn!e measured pH this time -
showed acidity on almost every point. However the anions: whlch shou!d caUSe the
acidity were not detected. Pure water's pH is about 5.6 in an ordmary state, with a
stable equilibrium of CO;, in the atmosphere. However, that of rain waler is affected by
pH buffer actions due to acid gases, alkaline dust fike sand particulates, and the salls
contained. The results of this measurement can be considered 1o be affected by
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these reactions.

Anions and cations were strongly correlated for each of the 4 sampling points and for

- the 4 sampfing points as a whole. The 2 data for NH, at the Charqueadas plant were
~ abnormal values for the 4 sampling points as a whole.

Total ions and EC were also strongly correlated for each of the 4 sampling points and
for the 4 sampling poinis as a whole. The 2 data for NH; as mentioned above, and EC
at the Charqueadas plant were abnormal values, and the EC had abnormal values for
the 4 sampling points as a whole.

b) " Dry Precipitation

pH and pHc were not correlated for any of the 4 sampling points or for the 4 sampling
points as a whole as was the case with rain water, and it was also believed that the

- results were affected by pH buffering actions due to salts.

Anions and calions were correlated but not strongly. There were points at which their
correlation was strong, excluding abnormal values, but considering the 4 sampling
poinis as & whole, the relation between anions and cations was not established with

- dispersion. -

Total ions and EC were not correlated for the Candiota plant {No. 20 Acegua). In this

area, r_neas‘ureme'nt errors tend to occur because of the fow total ion concentration and
low EC. It is befieved thal it causes this dispersion. The 2 data for EC at the

- Charqueadas plant were abnormal values for the 4 sampling points as a whole.
¢} - Correlation between Na and CI

- They were slrongly corcelated in rain waler for each of the 4 sampling points except for

i piece of data. It is believed thal microscopic sea salt and rock salt parlicles
containing NaCl were scattered widely into the almosphere and were caught by rain

water.

* They were not correfated in dry precipitation except near the Jorge Lacerda plant. Itis
- believed that particles of sea salt and rock salt ele. big enough to be caplured as dry

precipitation were not sCattered' wide enough to reach the sampling points.

ft seems thal the results for Jorge Lacerda were affecled by sea salt particles because
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of its seaside location.
‘(2) Elements in Airborne and Dust

 The fesults of the a‘na'tysi's conducted by the local research inslitute are shown in
Appendix 4-12 (1) with the original reports. Pb and £ were detected from almost every
sample, but other elements were scarcely detected. It was quite sirange that the coal fiy
- ash contained too much of Pb, and Ni low fo the detection limit of the atomic absorption
- spectrometry. I - |

 Therefore, ¢oal fly ash samples from the 3 thermal power plants taken in the 3rd Field
Study period were analyzed in Japan to confirm the previous results. it was found that alt of
these samples contained less Pb and more Ni (see Appendix 4-12 (2)) than the previous

results. A'gain, the samples,; the counterpart trainee (Ms. Rita -Tissol)' brought, were
-analyzed in Japan. The results were also given in Appendix 4-12 {3). It was indicated that
the substantial amounts of Ni were contained in the fly ashes: Pb contents in the fly ashes
were one order fower than those in the aitborne samples. The local analytical results of Pb
contents in the airborne samples were in the same order with those carried out in Japan.

* Surface fayer of the silicate shelf of the earth contains chemical elements in the following
rniumbers in average according to Clarke et. al. (Source: Chronologicat Scientific Tables,
Japanese National Astronomical Observatory, 1895):

Pb (13 mg/kg), Ni (75 mg/kg), Co (25 mg/kg), Be (2.8 mg/ka), and Fe (50,000 mg/kg).

In comparison with the above so calfed'Cfarke' Number, girborne Pb in-the analyzed
samples seems probably from unnatural sources. World Health Orgagnization set up the

guideline of Pb contents in the airto be 0.5 10 1.0 .1t g!r‘h3. Pb contents in Appendix 4-12
(3) are in the range of 0.019 to 0.156 1 g/m®, indicatirig lower than the WHO guideline.

. Airborne Co and Fe come probably from soil; except Fe in ‘Arranca Toco samipled on 18
- May, 96. ' ' ' '
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CHAPTER 5 CURRENT STACK GAS QUALITES
5.1 Coal Steam Power Plants
5.1.1 Location of the Power Plants
The Jorge Lacerda and Charqueadas plants of ELETROSUL are respectively located in the
State of Santa Catarina and of Rio Grande do Sul. The Candiota plant of CEEE is in the State of

Rio Grande do Sul. All the planls are mme -motth operahons Fig. 1.1.1 indicates locahons of all

the three plants.

5.1.2 Specifications of Existing Plants

Table 5.1.1 gives the general specification of existed power plants. The plants fire tow grade
coal excavaled near-by mines. All the units in the plants are equipped with electrostatic
precipitators. However, there are no other facilities installed in the plants to remove SO2 nor
NOx.

5.4.3 Operaling Situation of Existing Power Generation Facilities
{1) Pulverized Coal Firing Méthod
Puiverized coal firing method is employed al all the units in the three plants. In this process
fuel coal is pulverized with r;n_‘m.: th:e'n blew in(o a furnace together with carrier air by burner, and

combusted. As pulverized c;da_! is combusted by suspension firing with pulverized coat bumer,
ignition and combustion "tirrie'. ié"éx'tr'émely shdrte’ned It makes 'odal possible to burn in the

very simitar form o oil or gas combustnon In companson with fire grate incineration (Stoker),
' puivenzed coal firing has advanlage shown as follows; '
Requsres a small quanhty of excess air and results high oornbusllon efficiency
“» Easytlo adjust firing rates and COI'Id:UOnS, possnb!e to |gmte and extinct in & short time
* Easyto operate with aulomallc control
- Possible to burm coal W|th hquad of gas fuel
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(2} Coat Combustion Control

For complete combustion of fuel, it is réq'uired to add a proper guantity of excess air depending
on the state of fuel, i additioh to lhéo‘felically required air volume. In case of pulvérized ¢oal,
'.more excess air {air ratio of around 1;3) is necessary than that of burning oil or gas fuel.
Residual oxygen concentration is usually around 5 - 6 %.

Aocording to the monitored data, the residual oxygen concentrations were 8 - 11% at Jorge -
Lacerda (excluding 0,=19.2%, a ‘measured value on February 23, 1996), 7 - 10% at
Charqueédas 10-16% at Candioia respectively.  High value was obtalned in all cases.  This
_ indicates that the excess air was fod and, as a result, it causes a lowermg of comprehensive
thermal &ff iciency of the power plant. It Is considered that the reason is combustion with a
- large quanmy of excess air due to low heat value of fuel and to high ash content of around 50%.

Also it is possible that air is leaked from the air heater or else.
{3) Annual Availability Ratio of Existing Facilities

The annual availability ratio of each power bian't from March of 1996 to February of 1997 was as
follows; at Jorge tacerda power plant, 45. 8% of Unit A1, 45.2% of Unit A2, 42.6% of Unit A3,
| 40.8% of Unit A4 59.9% of Unit A5, 67.0% of Unit A6 and 53.8% of power plant as a whole; at
Charqueadas power piant, 52.4% as a ‘whole; and at Candiota power plant, 9.8% of Unit A1,
"~ 35.1% of Unit A2, 35'3%. of Unit B1, 31.9% of Unit B2 and 30.5% as a whole. The avaitability
ratio of Candiota power plant is extremely fow.
"_rhoughr the avail'ability ratios of Jorge Lacerda and-Chatq'ueadas power plant are different in
. 'th‘e'ir level, both are high in winler season (from May to ‘October) and fow in summer (from
:"f November to Apnl) As for Candlota A tine, the avaliab;hty ratio is high in winter season and

low in summer and Candzota B Line vice versa.
(4)Environimental Measures for Existirig Facilities

Almost afl the exustmg e!eclrosialrc precapnators (EPs) are relroﬁtted to the plant in order to
remove par!:culate emlssion wﬁh hlgh collechon eh’c;ency Olher are mstal!ed gradually
1mp!emenhng addlttonal measures a! every time of expanslon

It seems that fﬁaihténanrﬁe 'én.d_check of fétiliﬁes. and repairing and mending are not carried
out ehough 'in all three tll-'le'rn‘ial pbwer plants. - Moreover, it is considered that the performances
of erectrostatlc preclpualors are fairly low, judgmg from the situation of stack gas, though the
collectuon efficiencies of all EPs are mofe than 99% in their speoiﬁcabons This tendency is
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remarkable al Charqueadas and Candiota power pianls'. It also can be judged er'rn scattering
of fiy ash on and off power piant premises, as well as from leakage of flue gas from flue.

Although coal is stored as open air storage at coal yard without any device for preventing
- measures such as wind break net, water Spray‘syslem;'etc., coal's effects on surrounding area -
are slight, comparing to that of fly ash. ‘
5.1.4 - Coals in Power Plants

(1) Properties of Coals

Coals burnt at the three power plants have low heating values, high ash contenls high oxygen.
_ " Table 5.1.2 lists the coal properties Used as the design basis, The sulfur contents are rather low.

However, because of low heating values, SO2 emission in the stack gas becomes higher than
expecied. Appendix 2.1 gives locations of mines, production rateés, sulfur contents as mmed
and after washed in the states of the southern Brazil. '

Table 5.4,2 Propetrties of Coal Used In Power Plants

' 3 L Power Plants R
ltem (Unit) . _ | Jorgs Lacerda | Charqueadas | Jacun ]  Candiota
ICaloric Value {Kcal’kg) _ 4300 4700 | 2945-3255 | 3600-3800 3027-3572
Fixed Carbon (wt%) . : “33-40 FCNC<1.2 FCNC<1 5| 245-281
Volalile Component (wi%) _20-26. '21.5-235
Ash [(wids) ' 3944 53-56 45-48 49.1-53.5
Total Carbon (wi%) 43-50  §.. - - | - 28.0-30.0
Hydrogen (wi%) 2731 - - _ 1.8-2.4
Sulfur {wi%) ' 1823 ‘213 07 | 0815
Nitrogen (wi%) ezt b L ] 0407
Oxygen {(wi%) 35-80 e el 874100
Water (wi%) 6-10 . 4245 | <48 |0 10.0-184

(2) - Coal Transportation to Power Plant

The Jorge Lacerda plant receives coal by rail road frorn mmes 60 to ?0 km apart The coal is
stock piled at storage capacity of 1 000 000 tons in the plant sﬂe Coat {0 the Chatqueadas
plant is shipped by tracks from mines 30 km apart. A belt i conveye_r ;s used to transport coal to
the Candiota plant at the raté of 600 Uhr from the distance of 2.5 km. The Candiota plant have a
coal storage of 300,000 lons which is equivalent to 30 days consumption. |
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6.2 Stack Gas Moniltoring
5.2.1 Moniloring Methods

‘Stack gases of all units of three power plants were monitored of their pollutant emissions.

‘Monitoring instruments employed are fisted in Appendix 1-4 as SO, analyzers, NOO;

analyzers and dust analyzer systems. Their principles of analyses are sumniarized in Table

5.2.1. Locations of measuring points for each stack gas emission and monitoring points in
~ the measuring profile are shown in Appendix 5-1.

Table 5,21 Principles of Stack Gas Monitoring Methods

" Analyzer " Method Standard Appiicd
& 30, T Tnfrared absorption JISB7981-84
(Portable automatic analyzer)
NOx “[Chemituminescence JIS-B7962-68
{Portable automatic analyZer) _ :
0, [ Zirconia - JISB798394

_ _ _ | (Portable automatic analyzer)
Concentration | Dynamic pressure balance '
of dust (Cylinder filter-paper method) J8.Z8808-92
Dust _ _{ (Dust sampler)
Water content | CaCl; absorption
Velocity of flow | Pitot tube
Temperature - | Thermocouple

5.2.2 Monitoring Data and Evaluation

%

(1) Summary

. Stack gas monitoring was carried out once to four times at each unit degending on its
: Availability. . The monitored data at all power ptants are shown in Appendix 5-2. By
plotling SO, NO, and dust ernission rates per outputs on each monitoring day in Appendix
_6-3, abnormal values are eliminated from further studies. Velocity and temperature
distributions of exhaust gas, and dust distribution maps are shown in Appendix 5-4.

i In Appéndix §-3, excluding abnormal values, the amount of dust emissions was 0.4~12.4

-+ Kg/h-MW, that of SO, was 19.9~52.4 Kgh-MW and that of NO, was 1.1~4.5 Kgh-MW.

. The rangs of the amount of dust emissions is very wide. = It Is believed that this is because
“ash contents {n coat change greally or because EP operations are different from expected.
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Appendix 6-5 shows the various correlation plots between siich as 1) power generation
output and the amount of fuel use, 2) output and the amount of exhaUst'ga_e. end 3) output
“and the amount of SO, emissions. As the amount of fuel use was calculated on the basis
of known output values using the data from the power plant side, it is natural that the
correlation between output and the amount of fuel use is plotied on a tinear.” However, it
was not found at Charqueadas. At Jorge'tacerdas; a good _cbrre!'atiorr of output-exhaust
. gas and output-SO, emission was found as in Figure 5.2, and the reliability of the
mOnrtoring data was demonsirated. ' Because there was no difference"'in output at the
" Chaiqueadas plant, and data at only two outputs were obtained at the Candiota plant, their
correlation curves are straight. . From now on it is desirable to monitor at different outputs.
If these correlation curves can be established, they will be used for forecast of the amount of

' pollulant generaled as wel! as for checking of monrtored values
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x 1000 Or.tpul u‘mk €18 Flow Bate ]
o8 =
Sl 4
0
4
1 600 t
550 A
F 400 __,;-'
Loz gt
: . 203 t--
00
*E ) & B 1% it
T Outpt
Jotge bacerds -
X 1OY Qutmet s, 50T Floe Tate
B I‘ ] -
. ] LX
s 3 s
Q
H ] . PR ]
] TR 4
3 - .
'.i - ¥ T 13 Y T H T T T
% 40 &0 8 i - | ¥21]
Dutput

Fig. 5.2.1 Output MW vs. Stack Gas & S0, Flow Rates -

The percentages of the calculated stack gas or the theoretical SO, emission rates to the
measured values are shown in Table 6.2.2. Refatively good coincidence was found as
shown in the table, with 66.5~134% in the case of stack gas and 59. 6-+136% in the case of

'S0,. This proves that measurements were carried out with high accuracy The calcu!atron
details are given in Appendix 6-6. :

As to the amount of NO, generated fror power plants, low \ralrres'were genera'ily obtained at
“all the units of all the plants, possibly becaus'e boiler combustirig temperature is' low due to a

great deal of combuslron alr, etc. As shown in Figure 5. 2.2 (#058) the raté of NO generatron
- to temperature increases shaiply when the temperature reaches 1,600°C or hrgher
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Fig. 5.2.2 Theoreticat NO Generation vs. Combustion Temperature (#058)

. Table 5.2.2. _Per‘c‘eniage_s of Calculated Values to Measured Data

; : : _ %
Jorge Lacerda Charqueadas Candiota
, 1. Range | Average | -~ Range | Average | Range Average
Stack Gas -1 69.1~97.7 | 845 96~134 | 125 66.5~89 76.9
' 80; 59.6~102 776 1'80.4~136 107 70.4~133 103

Appendix 5-8 shows comparisons between the monitoring results (dust and SO;) and the
ctirrerit_;emis_si'dn standard in Brazil (#02) on the assumption that similar plants would have
cO‘rié"tfu'_cted now. Dust emissions of dust from the bigger units seem to exceed the national
 standards. SO, emissions from all units except some units at Charquedas largely surpassed
 the standards. - - o

? -Table{ 5.2.3 lists the ralios of the measured values to the ones in the agreements wilh the
State of Rio Grande' do Sul (Table 3.2.4). The ratio over than 1.0 means that the current
"emission does not satisfy the agreement. Emissions of dust and SO; at all units in the list do
not conform _{9 the agreemel)l when the expanded units are in operations. Also NOx
L#;‘ﬁ_ié?;io;fs’frbfh_ Candiota At and 2 units are slightly higher than the agreement rate.
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(2) Dust
1) Jorge Lacerda Plant

The concentration of dust was in the range of 0.083~1.2’61'gfm3N. Although there were a
small number of data, the comp_arisdn in pseudo-condition- with the national standard
indicated that measured values at all tnits except Unit 5 conformed to the standard.

Analysis of dust distribution was carried out for Units 1, 2, 3,4 and 6. Gas velocity at Units
1 and 2 was faster in the upper part and slower in the lower part; and the velocity at Units 3,
4 and 6 was shown to be almost uniform.  Sampling should be made around the center part

in order to obtain typical values at all units in the Jorge Lacerda plant.

Table 5.2.3 Ratios of Measured Values to FEPAM Agreement

Power Piént

Units -

bus!

SO,

~ NOX

1 - 13.6 - 0.9
5.0 9.1 0.9
o 7.0 93 0.7
Charqueadas - 2 oo 12.7 06 .
-1.0 105 0.5
14 11.1 0.6
13.5 10.1 0.6
"3 65 1214 0.9
4.8 - 81 - 0.8
5.7 82 0.8
4 6.6 89 0.8
: . 7.9 99 008 0
At 19.1 TS 10
' 125 186 0.9
Candiota | AZ 116 151 12T
L 11.3 153 1.3
Bl - 29 1.0
B2 - 3.0 0.7
- 32 0.7
- 3.3 09
2) Charqueadas Plant

The concentrallon of dusl was in lhe range “of 0081~1 081glm°N In pseudo-condmon
comparison walh the natrona! slandard it was tndtcated tha! the emissions from aII tnits
conformed to the standard. In comparison w:lh the FEPAM agreement of 80 mg!m’N the
measured vatues were 1.0~ 13.5 times higher. It wil be necessafy to Improve fac;lttles in
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~ order to achleve the agreement values by 2005.

Analysis of dust distribution was carried out twice for Unit 1. At the central point of Unit t,
the data were close to the averagé with = 10% or loweér of deviation. - Therefore, the center

_ point is régarded as the representative point. - Distribulion analysis of gas velocity showed
that the velocity was almost uniform.

3) Candiota Plant = -

The concentration of dust was in the range of 0.929~2.052g/m°N.  In the pseudo-condition

- comparison with the national standard, the measured values were higher at larger units (B1

- and 2). In comparison with the FEPAM agreement value of 80mg/m®N, the measured values

:we':e about- 10~20 times h‘rgher.: "1t will be necessary to improve facilities in order to
achieve the agreement values by 2002 or 2004.

‘Analysis of dust distribution was conducted for Unit A1 only. The largest deviation was

around:=:50 % and the distribution was narrow. - Therefore, for dust sampling, one sample

each-at . two central - positions . of sampling nozzles is enough (C-2 and D-2 nozzles:
Appendix 5-4), and then those values should be averaged to obtain representative data.

Distribution ‘analysis of gas velocily indicates that the ve[ocity is faster on the side of

Sampling Nozzle Line (A) than that of {F).

(3) S0,
1) Jorge Lacerda Plant -~

SO, concentration was in the range of 5,829~8,371mg/m°N by conversion to 6% Q,. In

pseuod-comparison with the nationa! sfandard, the standard was not met at any units. In

the comparison be_tween’ calculated exhaust gas volumeftheoretical volume of SO5 emitied
~ from the power plarit, and measured values (Table 6.2.2), the percentages of the calculated

va'lue_s to the measured values were 84.6% and 77.6% respeclively on the average, ang

relatively good coincidence was indicated.  If the amount of coal use is measured with a
'conveyor scale, et’c.; nearly 100% of the agreement will be obtained. This will enable
: understanding" of ih‘e volume of -SO; émissiOns by means of calculation.

"Accordmg to agreement with FATMA the max:mum adcceptable value of total SO, emission
genefated from the power plant mc!udmg that from Unit IV, is 20.4Yh. As the maximum
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total within measurement of existing boifers is 12.2uh, Unit IV has room for 8.2th. - This is
equivalent to 2.2%S at 100% load, while what has been agréed with FATMA I 2.2%S,

2) Charqueadas Plant -
$0; concentiation was in the range of 3,257~5.429mg_fm"‘N by conversion to 6% O;. In
" pseudo-comparison with the national standard, except Unit 4, all others did not mest the
standard although the differences are small. 1n comparison, any unit could not satisfy with
the FEPAM agreement rate (Table 3.2.4). '
In comparison between calculated stack gas or SO, volumes and measured ones emitted
from the power plant (Table 5.2.2), the percentages of calculated values to'me:_as‘u’red ones
were 125% and 107% respectively on the averags, and great coincidence was shown.
-3) Candiota Plant
SO; concentration was in the range of 6,057~7.457mg/m’N by conversion to 6% 0,. In
pseudo-comparison with the national standard, the standard is not conformed at-any units.
The FEPAM agreement value is neither satisfied at any units. s '
(4) NO,

1) Jorge Lacerda Plant

NO, concentration was in the range of 264~750 mg/m*N (6% 02 conversion valugs).

2) Charqueada‘s Plant

NO; concentration was in the range of 166~368. mg!m N (6% 02 conversuon vaiues) The
FEPAM agreement value is niet at all units. :

3) Candiota Plant

NO, concentration was in the range of 370~663 mglm3N (6% O conversion values) In
companson with the FEAM agreement, those of Units A1 B‘i ‘and B2 conform to the
agreemenl while thoss of Unit A2 are shghtly over it As Units A1 and A2 have the same :
structure, appropriate measures agamst NO, will be requued for both un:ls lhe future.
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(5) O;

Q; conceniration in exhaust gas was generally high. 1t was supposed that there were leaks
from air hé_ale'rs elc. in addition to an excess of combustion air. Residual O, was 8.12~
10.7 % at Jorge Lacerda, 6.7~9.8 % at Charqueadas, and 9.6~16.2 % at Candiota.

With excess O3 in the stack gas, a boiler thermal efficiency decreases. As shown in
Appendix 5-6, the difference in the thermal efficiency between the operations with 6%
residual O, and the operaﬁdn'with 10% Q,, is almost 3%. In consideration of power
generation thermal efficiency of ‘around 30%, this loss is large. While, low-oxygen
‘combustion is also used for restraint of NO, generation as well as for improvement of the
thermal efficiency. However, as excessively low oxygen combustion causes incomplete

* combustion which then:results in promotion of generation of the unburnt combustibles such
as carbon-dust; CO, and hydrocarbon, it is necessary to take sufficient care.
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