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NOTICE
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apparatus, method, or process disclosed in this report.

In arriving at the preliminarv estimates contained herein, Fluor may have
applied specialized estimating techniques to information, including assump-
tions and projections, not within Fluor's control. While we believe that
the preliminary estimates contained herein will be reliable under the
conditions and subject to the qualifications set forth, Fluor does not
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assumptions or projections on which they are based. Anvone using such
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1.0 PURPOSE AND SCOPE

This Executive Summary document summarizes the study report on the
economic and technical feasibility of gasifying coal to produce a
substitute natural gas (SNG) for distribution to the industrial areas of
southern Brazil. The report includes data surveys, technology
assessments, process evaluations, and conceptual designs and analyses.
This study has been accomplished under sponsorship of the United States
Agency for Tnternational Development (Contract PDC-0000-C-00~1106--00).
The work has been carried out with guidance from the Trade and
Development Program of the International Development Cooperation Agency
(IDCA) and from the Secretaria da Industria, Comercio, Ciencia e
Tecnologia (SICCT), Sao Paule, and representatives of the Ministry of
Mines and Energy. The study contributes to the Brazilian Government
efforts to investigate feasible crude o0il substitution programs that
vill meet the nation's energy needs by utilizing domestic resources,
thereby reducing the severe negative impact of foreign crude oil
importatioa on Brazil's balance of payments.

This Executive Summary of the Feasibility Study comprises Volume I of
the report; the detailed report on the Study is issued as a separate
Volume II, and 1is itself composed of two major parts. Part I describes
the SNG Plant. together with related material on coal gasification
processes and Brazil's coal resources. Part Ii describes the Gas
Pipeline and Distribution System, including pipeline and route data.
Also included in Part II is an alternative energy transportation study
which evaluates the feasibility of locating the gasification plant
1000 kilometers farther north near Santos (the area of major gas usage)
and transporting the coal from the rines to the SNG Plant.

The primary goals for the study were to make the necessary preliminary
investigations and then develop a feasible plan to produce, transport,
and distribute SNG, utilizing Brazilian coal as feedstock. The gas
produced will be used to supplement the energy needs of Brazil through
1990 and beyond.

The Advanced Technology Division of Fluor Engineers and Constructors,
Inc., Irvine, California, in association with Jaakko Poyry Engenharia
Ltda. of Sao Paulo has carried out this study. The pipeline system
portion of the study was supported by Fluor Ocean Services, Houston.
Fluor Mining and Metals, Redwood City, California provided an overview
of the coal resource assessment. Jaakko Poyry provided information on
Brazilian coal, gas demand, product markets, site, pipeline route,
costs, economics, and general local data.

The SNG Plant location is proposed for the southern coal-producing area
of Brazil near Minas do Leao. The map in Figure 1-1 shows the southern
states of Brazil, and Figure 1-2 depicts the pipeline system proposed to
carry gas from the SNG plant to the State of Sao Paulo.

Fluor compiled and analyzed available dzta on coal resources and

potential gas demand, then used this data to select the gas plant site,
assess coal reserve areas, define coal characteristics, and set a

1-1



philosophy of design for the pipeline system that will serve the
prircipal areas with a potential for industrial gas consumption.

After determining the coal characteristics, Fluor screened various
gasification technologies with respect to their abilities to gasify the
high-ash subbituminous Brazilian coal. Then process engineers prepared
a conceptual process design for the gasification plant, based on the
technology selected by the screening study. Capacity-factored capital
and operating cost estimates were prepared for the plant. Using this
data, together with coal feed costs, by-product revenues and economic
data provided by Jaakko Poyry and Brazilian Government authorities,
Fluor developed a discounted cash flow analysis to show the required
plant gate price for the SNG produced.

The pipeline system was conceptually designed to distribute SNG and
imported natural gas to the industrial centers of southern Brazil. The
route was selected based on a macrosc..pic assessment of the route.
Order-of-magnitude capital and operating cost estimates were prepared,
and then used to generate a discounted cash flow economic analysis
showing the transportation cost of the gas from the plant gate to the
prcposed areas of industrial consumption.

Various cases were analyzed to illustrate the sensitivity of the
economic vicbility of the plant and pipeline to changes or uncertainties
in selected key economic variables.

The economic analyses for the coal gasification plant and the gas
pipeline are presented in Volume II, Parts I and II, respectively. A
combined economic analysis for the plant and pipeline is shown in
Section 6.0 of this Executive Summary.

Project schedules have been developed assuming an initial project
relezse date of January 1, 1983. Plans of implenentation for the SNG
plant and the pipeline are separately discussed in Volume II, Parts I
and II, and an overall project schedule is presented in Section 4.0 of
this Executive Summary.
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2,0 DISCUSSION

2.1 ENGLISH TEXT

2.1.1 Objective of Study

The objective of this study is to assess the technical and economic feas-
ibility of building and operating a coal gasification plant to produce
and distribute substitute natural gas (SNG). For the purposes of this
study, a "base case" arrangement was considered which assumed the gasi-
fication plant to be located near the mine mouth and in the general area
of Minas do Leao in the state of Rio Grande do Sul (Figure 2-1). The
gas produced by the SNG plant would be transported northward approxi-
mately 1000 kilometers by pipeline, and the bulk of the gas distributed
to the industrial centers in the Sao Paulo region. Figure 2-2 shows the
proposed location of the pipeline.

Fluor has developed technical and economic evaluations in sufficient
detail to provide the basis for a capacity-factored cost estimate for
the gasification plaut and an order-of-magnitude estimate for the pipe-
line system. Cost estimates are stated in terms of January 1982 U.S.
dollars.

The report also addresses the social and economic effects that may

result from the construction and operation of the mines, gasification
plant and pipeline.

2.1.2 Gasification Plant

The proposed gasification plant will gasify 14 283 metric tons per day
of coal to produce 3.61 million (3.61 x 10%) normal cubic meters per
stream day of SNG. This is equivalent to a higher heating value of
33 000 million (33 x 10°) kilocalories per day.

A major consideration in the selection of suitable gasification tech-
nologies is the high ash content and highly friable nature of the
Brazilian coal. Some gasifiers are not suitable for high-ash coals, and
some cannot handle coals with a high percentage of rines. By using a
combined Lurgi/ Westinghouse process it isg possible to conceptually
design the plant to handle virtually all of the ccal feed as received.
The coarse fraction of the coal (6.35 mm and above) will be gasified in
the Lurgi units, and the fines (below 6.35 mm) will go to the Westing-
house units. The plant design is based on 35 percent ash (dry basis)
coal from the Leao mines.

Lurgi technology is commercially proven; Lurgi gasifiers having proc-
essed cther coals similar to the Brazilian coal. The Westinghouse tech-
nology, while not commercially proven, appears likely to have a commer-
cial size plant operating in 1984. This is well within the schedule for
this project, allowing time for the process to be evaluated before final
commitment to the Westinghouse gasifiers. This is considered suitable
for the purposes of this study.

2~1



The SNG plant will be self-sufficient during normal operation. Raw water
will be obtained from the Jacui River. Ash and sludge will be disposed
of on-site. In addition to SNG, the plant wil) also produce 45.2 tons
per day of ammonia, 226.2 tons per day of sulfur and 109 600 litres per
day of naphta, all of which are saleable.

2.1.3 Priority Gas Demand Versus Pipeline Throughput

The present and projected needs for natural gas for Brazil's priority
industries substantially exceed the presently considered SNG output of
the coal gasification plant. Table 2-1 shows the projected gas consump-
tion for priority industries in the years 1985 and 1990 for all of Frazil
and for the State of Sao Paulo alonme.

TABLE 2-1

PROJECTED GAS CONSUMPTION

BRAZIL AND STATE OF SAO PAULO

Brazil State of Sao Paulo
YEAR 1985 1990 1985 1990
0il per yr (TOE)* 4.65 5.5 4.0 4.7
(mT/y)x108
Equivalent Gas 14.0 16.5 12.0 14.1
Nm>/Dx10°
SCFDx10°® 525 621 452 531

*TOE: Tons of o0il equivalent (@ 10400 kcal/kg oil HHV)

Nm®/D: normal cubic meters/day (@ 0°C, 760 mm Hg), based on
365 days/year

SCFD: standard cubic feet/day (@ 60°F, 14.696 psia), based on 365
days/year

2-2



The output of SNG from the gasification plant is 3.61 x 105 Nm®/D, while
the anticipated gas requirements for priority industries in Sao Paulo
alone are 12.0 and 14.1 x 10% Nm3/D, respectively, for 1985 and 1990,
Hence additional cources of gas are required to meet these projected
needs. It is anticipated that additional sources of natural gas will be
made available, both domestic and foreign. For the purposes of this
study it is assumed that 10.0 x 10.0® Nm®/D of natural gas will be
imported, added to the SNG from the gasification plant, and the combined
gases will flow northward in the pipeline. Hence, the pipeline is
initially designed to handle the output of the SNG plant, but is
expandable to accommodate the combined flow by the addition of inter-
mediate compressor stations.

The ultimate design throughput of the pipeline system is set at
13.61 x 10®% Nm®/D of gas (508 x 10® SCFD), established as follows:

Normal Cubic Meters/Day

Gasification Plant SNG: 3.61 x 10°
Natural Gas (assumed imported): 10.00 x 10°
Pipeline Design Throughput 13.61 x 10°

Most of the gas (86%) is needed in the Sao Paulo metropolitan area.

2.1.4  Viability

The distribution of 13.61 x 10° Nm3®/D (508 x 108 SCFD) of SNG and natu-
ral gas through the main transmission pipeline and the associated dis-
tribution system is technically viable and, of the alternates studied,
is the most economical system of transferring energy from the coal mines
in the south of Brazil to the consumers in the targeted industrial areas.

This pipeline system will be beneficial to the country as a whole,
because of multiple benefits that will be derived from development of
the subbituminous coal reserves to produce SNG. It will provide energy
needed to expand the economy of the nation, and the pipeline will
provide a base system that can be expanded to collect new sources of gas
and to distribute this energy throughout Brazil.

2.1.5 Operating Energy Source

The energy required for pipeline operations will be primarily electri-
city. Because of its availability and low cost (power lines already
exist along the pipeline right of way) electric power is selected to
drive the intermediate pipeline compressors. Furthermore, none of the
much-needed gas will be used to drive compressors. However, an economic
analysis must be made curing the engineering design phase of the pipe-
line to confirm the selection of electric motors over gas turbine
drivers, for this service.



SAO PAULC

PARANA

Ponta Grossa -

GURITIBAS,

- -

SANTA
CATARINA

CAXMS DO SUL

i ’s.cmdnsm Estelo

CANOAS
2 Adbvorada .

: HfOJ dl )

/ “Minss do Leso
—/“'

BACHDEIRA 0O SUL F &

. SOROCABA

SAO

' PAULO

\ Cuba'ratmhu.eté;)
CAMPINAS P

N
lr.damunh aba
Tauba(eo nng
e .

OCEANO ATLANTICO

¥ FLUOR
FIGURE 2-1

LEGEND

¢ REGIONS TO WHICH GAS
~{ CAN POTENTIALLY
- BE SUPPLIED

e PIPELINE
———p LATERAL
= == STATELINE

MAP OF DISTRIBUTION AREAS




NOTES

1 — PIG LAUNCHERS AND/OR RECEIVERS WILL
BE LOCATED AT EACH COMPRESS0R
STATION AND AT THE ENDS OF EACH RUN
OF PIPE OF UNIFORM SIZE.
2 — BY PASSES wiLL BE PROVIDED AROUND
EACH COMPRESSOR STATION
3 — MAIN BLOCK/CHECK VALVES WILL BE
INSTALLED AT APPROXIMATELY 32 KM
ALONG THE LENGTH OF PIPELINES
4 — BLOCK VALVES WILL BE INSTALLED AT

/

EACH TIE-INTO CITY SERVICES

KM-MG232 MOGI GUA

KM-MG-152 CAMPINAS

KM-MG70-SOROCABO

o { KMZI0PINDAMON HANGABA
&4 kmpn

KM-P171MOGI DAS CRUZES
]
KM-SP32 {Outer Ring Of 580 Paulo)

SANTO-MARINQUY
OISTRIBUTION CENTER

(7 KM-976-Sta. No. 7

‘I(M-EBLBDROER SAD PAULOD (STATE)

SAQ PAULO
~
7 KM-813-Sta. No. 6
KM-PG100 g" KM-774-CURITIBA
PARANA PDNTA GROSSA <] 4 «M.754

KNI o

RIO NEGRO

KM-651-S1a. No. 5

10"

SANTA CATARINA

P KM.529-SANTA CECILIA

KM-488-5ta. No_ 4

RIO PELOTAS

KM-325-5ta. No. 3

' KM-313.VACARIA
RIO GRANDE DO SUL

8R-115

)
(%)
<

[~) -

T e

S B { MK-213.CAXIAS DO SUL

o o

S F

e 3 KM-163Sta. No. 2

£ E § KM-159 DOIS IRMAOS
@w

KMo z KM-121-North DI Ca
P - . -Nont noas
— \/ 10"
- S ~
- S 5 PORTOALEGRE

o o

2 o

285

< a

o KM-J65 JOINVILE

XM-660-BORDER SANTA CATARINA

o KM-B125-BLUMENAU

KM-C30-CRICIUMA (Coal Regton)

KM-359-BORDER-STATE OF CATARINA

¥ FLUOR
FIGURE 2-2

SYMBOLS

{0 COMPRESSOR STATION
= «f — POSSIBLE IN COMING
GAS LINE

PIPELINE FLOW DIAGRAM

2-5



http:KM.813.St

2.1.6 Cost and Economics

The estimated capital, operating, and maintenance costs of the SNG plant
and gas pipeline system are summarized in Section 5 of this Executive
Summary. This cost information, together with the project schedule
(estimated to cover a period of 5.5 years from prcject initiation
through mechanical completion) and economic criteria established during
the course of the study, were used to perform the discounted cash flow
analysis for the project summurized in Section 6.

Economic analyses were performed separately for the SNG plant (to show
an SNG cost at thz plant gate), and for the pipeline system (to show the
gas transportation cost). For the purpose of economic analysis the gasi-
fication plant was assumed to operate 330 days per year (or approximately
a 90 percent on-stream factor). The pipeline is assumed to carry this
quantity of SNG plus 10 million normal cubic meters per day of natural
gas. The natural gas is assumed to have the same calorific value as the
SNG produced, and to be available 365 days per year (100 percent on-
stream factor).

The results of our economic analysis showed a plant gate price for SNG
of U.S. $31.22 per gigacalorie, plus U.S. $2.62 per gigacalorie transpor-
tation cost {pipeline), giving a required a total price of U.S.
$33.84 per gigacalorie for gas delivered to the Distribution Center near
Sao Paulo, to meet the base case financial criteria.

Sensitivity stul-es were performed to illustrate the impact of changes
in various key vaciables such as coal price, plant life, inflation rate,
capital cost etc., on the gas price. The resulcs of these studies are
included in the feasibility study report (Volume II).

For comparison purposes, prices quoted for some fuels presently used in
Brazil, effective January 1982, are as follows:

LPG: U.S. $23,21 per gigacalorie
Fuel 0il: U.S. $15.87 per gigacalorie
Town Gas: U.S. $37.78 per gigacalorie

All three fuels are government-subsidized.

2.1.7 Benefits to Brazil

Major benefits to the Brazilian economy and citizens would be derived

from the gasification oI Brazilian coal to produce SNG, and the dis-

tribution of the gas by the pipeline system. Some of these benefits are
discussed below.

2.1.7.1 Balance of Payments The goal of the Brazilian government is
to displace imported oil with energy derived from domestic resources.




It is understood that the federal government's 1985 target is to replace
500 000 barrels per day of oil by domestic energy sources. Implementa-
tion of this coal gasification project would reduce Brazil's dependency
on Middle East oil, which is politically volatile and an unstable source
of supply. Using coal as a diversified source of energy means a higher
degree of survival capability in the event of an energy crisis.

This proposed coal gasification plant can reduce oil import costs by U.S.
$233 million, based on 1.042 million tons of oil equivalent per year as

the plant output, which is about 6.85 million barrels of oil per year at
a world market value of a barrel of oil as U.S. $34.

The savings from reduced o0il imports will free investment capital in
Brazil, where capital needs are enormous. Money used to pay for
imported oil is, in effect, Jloaned back to Brazil by foreign banks at
prevailing interest rates, causing an ever-increasing debt,

2,1.7.2 Social. Completion of this project will have considerable
socioeconomic benefits for the country in general. It will contribute
toward greater employment and development of labor skilis, improve the
environment, develop industry, and increase technology in Brazil.

The availability of energy will allow the dispersement of industry to
areas that are presently depressed and will provide new economic vigor
where it is needed.

The present polarized trend toward increasing population in the Sao
Paulo metropolitan area may be reversed as gas becomes available in the
corridor between the SNG plant and Sao Paulo.

2.1.7.3 Energy Corridor. A potential 160 km x 1140 km energy corri-
dor, as shown in Figure 2-1, will be created along the main transmission
pipeline able to supply gas to present and future consumers. This
energy corridor will stimulate industrial development through the whole
area. The corridor will extend through the states of Rio Grande do Sul,
Santa Catarina, Parana, and Sao Paulo. In addition, the distribution
system will create a potential energy corridor north of Sao Paulo cover-
ing an area of 255 km (E&W) by 300 km (N&S). The direction of flow can
be reversed in any of the laterals in the distribution system, should
additional gasification plants be built in the future or should gas be
discovered in the southern States.

2.1.7.4 Existing Wells and Future Developmeni. Gas or associated gas
from the wells being drilled offshore north of Rio de Janeirn can be fed
into this base pipeline system. Natural gas is compatible with SNG.
Hence, sweet gas produced from new discoveries would reach the market-
place faster and cheaper with this base pipeline system installed and
operatiounal. Furthermore, the existence of such a gas distribution net-
work, able to accommodate new gas production, as well as allow redurtion
of imported gas flow, will stimulate field exploration and develsngment.




2.1.7.5 Environment. We expect the net environmental impact of the SNG
plant and gas pipeline to be minimal.

Discharges into the water and air from the SNG plant will be strictly
controlled within acceptable limits.

The pipeline will be buriud throughout its length, except for a few
situations where local conditions require the line to be aboveground.
However, there will in general be no aboveground structures except at
compressor stations and block valves. A l5-meter pipeline right-of-way
will be required to lay and bury the pipeline; this will parallel the
existing power line right-of-way in most places. The pineline right-
of-way will be temporarily disturbed during the construction period, but
would then be restored to its natural condition. Operation of the pipe-
line will produce no discharge to the atmosphere, since the compressors
will be driven by electric motors.

Industrial use of the SNG to replace fuel oil will impruve the environ-
ment in the industrial area, since the clean-burning gas will eliminate
the sulfur, particulates, and other pollutants produced by burning fuel
oil. Further, the anticipated dispersal of industry from its present
concentration around Sao Paul will have a diluting effect on the air and
water pollution produced by industry.

2.1.7.6 Industrial Development. The presence of the energy corridors
will potentially attract industry to the southern States and areas to the
north of the Sao Paulo metropolitan area.

During construction of the plant and pipeline system, unskilled workers
will gain various construction skills from working along with skilled
craftsmen and engineers. The operation of the plant will provide perma-
nent emplovment for about 500 engineers, operators, and other workers.
Additional jobs will be created in the related service industries - coal
miuing, for example. This must be an important consideration, since
Brazil needs 1.6 million new jobs per year to support the natural growth
of the present Brazilian population of 120 million people.

The SNG plant and pipeline will contribute to the development of the
following sectors of coal-related industry in Brazil:

o} Mining industry and technology
o} Synthetic fuel industry and technology
o} Coal handliug and transportation industry

o Gas handling industry, such as compressor stations and special-
ized instrumentation and controls
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o Industrial heat generation based on coal

o] Waste management

This prcject could be the beginning of a viable synthetic fuels industry
in Brazil, providing substantial oppoicunities for technology transfer.



2.0 DISCUSSAO

2.2 TEXTO EM PORTUGUES

2.2.1 Objetivo do Estudo

0 objetivo déste estudo & evaliar a viabilidade técnica e econdmica da
onstrugdo e operagdo de uma usina de gaseificagdo de carvdo para pro-
dugdo e distribuigdo de gds natural sintético (SNG). Com este propési-
to em vista, um '"caso de referé@ncia" foi considerado para o qual foi
suposta a localizagdo da usina de gaseificagdo junto 2 boca de mina de
carvdo mineral, situada na 4rea de Minas do Le3o, no Estado do Rio Gran-
de so sul (Figura 2.1). O g4s produzido pela usina de SNG seria trans-
portado por um gasoduto em direg3do norte, com comprimento aproximado de
1 000 km, e em sua maior parte seria distribuido aos centros industri=-
ais na regido da cidade de S3o Paulo.

A figura 2.2 mostra o tragado proposta para o gasoduto.

A firma Fluor realizou os estudos de avaliagao técnica e econdmica com
suficiente detalhe para o c4lculo estimativo dos custos para a usina de
gaseificagdo e de uma ordem de grandeza dos custos para o sistema de ga-
sodutos. As estimativas dos custos est3o estabelecidas em termos do
valor do délar de janeiro 1982.

0 relatério tamuew .rata dos efeitos sociais e econdmicos que poderdo
advir da construgdo e operagdo das minas de carvdo, usina de gaseifica-

¢do e dos gasodutos.

2.2.2. Usina de Gaseificacdo

A usina de gaseificagdo gaseificard 14 283 topeladas métricas de carvdo
por dia para produzir 3,61 milh3es (3,51 x 10 ) metros ciébicos normais por
dia de SNG. 5sto é equivalente em valor calorffico superior a 33 000 mil-
hdes (33 x 10”) de kilocalorias por dia.

Um fator especialmente considerado na seleg3do das tecnologias de gasei-
ficagdo foi a natureza do carvdo brasileiro, que & caracterizado por pos-
suir alto conteddo de cinzas e ser muito fridvel. Alguns gaseificadores
n3o sdo apropriados para carvdes com grande percentagem de cinzas e outros
ndo podem lidar com carvdes com alta porcentagem de finos. Utilizando-
se de um processo combinado LURGI/WESTINGHOUSE & possivel projetar-se
conceitualmente uma usina capaz de lidar virtualmente com todos os tipos
de carvdes. A fragao grossa do carvdo (com granulometria superior a

6,35 mm) seria gaseificada em unidades LURGI, e os finos (menos de 6,35
mm) iriam para as unidades WESTINGHOUSE. O projeto da usina foi baseado
em carvdo com 35% de cinzas (em base séca) das minas de Ledo.
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A tecnologia LURGI est4 comprovada comercialmente; gaseificadores LURGI
J4 processaram outros carvdes similares ao carvdo brasileiro. A tecno-
logia da WESTINGHOUSE, apesar de n3o estar comprovada comercialmente,
terd com grande probabilidade unidade comercial operando em 1984. Esta
data é compatfvel com o cronograma deste projeto, pcdendo-se avaliar este
processo ainda em tempo, antes de uma decis3o final sobre os gaseifica-
dores da WESTINGHOUSE. Isto foi considerado adequado para os propésitos
deste estudo.

A usina de SNG operar4 de modo auto-suficiente. A fonte de 4igua para a
usina seria o Rio Jacuf. As cinzas e lamas seriam descartadas no pré-
prio local apropiadamente. Além do SNG, a usina produzir4 45,2 tonela-
das diarias de amonia, 226,2 toneladas diarias de enxdfre e 109 600
litros/dia de nafta, todos eles perfeitamente passiveis de venda no mer-
cado.

2.2.3. Demanda Prioritdria do G4s versus Capacidade do Gasoduto

As necessidades, atual e futura, de gis natural das inddstrias brasilei-
ras consideradas prioritdrias excedem a capacidade de produgdo projetada
para usina de SNG. A tabela 2.1 mostra o consumo previsto de g4s para as
inddstrias prioritirias nos anos 1985 e 1990 para todo o Brasil e para o
Estado de S3o Paulo.

TABELA 2-1
PREVISAC DO CONSUMO DE GAS PARA 0
BRASIL E 0 ESTADO DE SAO PAULO

Brasil _ Estado deo S3@o Paulo
ANO 1985 1990 1985 1990
Tonelada de 6leo qui- 4,65 5,5 4,0 4,7
valente, ton/ano 10 *
Géi equivaéente, 14,0 16,5 12,0 14,1
Nm~/d x 10
Pés cubicosédia, 525 621 452 531
(SCFD) x 10

* = tonelada de 6leo equivalente (6leo com PCS de 10 400 kcal/kg)

Nm3/d= metro cdibico normal/dia (a OC, 760 mm/Hg), baseado em 365
baseado em 365 dias/ano.

SCFD: 'standard cubic feet/day" ( 60° F, 14,696 psia) baseado em
3265 dias/ano.
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A produgdo d¢ SNG seri de 3.61 x lO6 Nm3/dia, ao passo que as necessidades

de g4s previstas para o atendimengo sqmente das inddstrias prioritérias
em S3o Paulo sad 12.0 e 14.1 x 100 Nm™/dia, respectivamente em 1985
1990. Fontes adicionais de gds sdo portanto necess4rias para o atendi-
mento desta demanda. Considera~-se que a demanda venha a ser atendida
tanto a partir de fontes 8aci8nais quanto de importadas. Foi assumido
no estudo que 10.0 x 10.0° Nm™/dia de g4s natural serdo importados, a-
dicionados ao SNG produzido na usina de gaseificag3o, e que os gases
misturados serdo despachados em direg3do norte pelo gasoduto. O gasodu-
to foi, portanto, conceituado para atender no infcio somente & produgdo
de SNG da usina, mas podendo depois atender 2 vaz3o dos gcses combinados
com a adigdo de estagdes compressoras intermedidrias.

A vazdo fina16de grojeto adotada para o6sistema do gasoduto foi fixada
em 13.61 x 10" Nm~/dia de g4s (508 x 10  SCFD) conforme discriminado

abaixo:
Metros cdbicos normais/dia
SNG da usina de gaseificagdo 3.61 x 106
G&s natural (assumido como importado) 10.00 x 106
Vazdo de projeto do gasoduto 13.61 x lO6

A maior parte do gis (86%) seria utilizada na regifio metropolitana de
Sdo Paulo.

2.2.4 yiabilidade

A distribuigdo de 13.1 x 106 Nm3/dia de SNG e gis natural pelo gasodu-
to principal e sistema de distribuigdo associado & técnicamente viivel
e, dentre as alternativas estudadas, é a maneira mais econdmica de
transferir energia das minas de carvdo do sul do Brasil aos consumido-
res na regido industrial considerada.

Este sistema de gasodutos beneficiard o pals como um todo devido 2s
multiplas vantagens a serem obtidas com o aproveitamento das reservas
de carvdo do sul na produgdo de SNG. O sistema proporcionar4 a energia
alternativa necessiria 3 expansdo da economia nacional, e consistir-se
a2 num sistema inicial que poder ser expandido para coletar novas fontes
de gis e para distribuir essa energia a outras regides do Brasil.

2.2.5 Origem da Energia para Operacgdo

A energia necessiria 4 operagdo do gasoduto ser4 basicamente a eletrici-
dade. Devido 4 sua disponibilidade e baixo custo (j4 existindo linhas de
de forga ao longo do tragado considerado), a energia elétrica foi esco-
lhida para acionamento dos compressores das estagdes intermediérias.
Dessa forma, nenhuma parcela uo gds a ser transportado seria desperdiga-
da no acionamento dos compre. ‘rres. Quando do projeto de engenharia do
gasoduto, porém, uma comparagio economica deve ser feita para confirmar

a escolha de motores elétricos e ndo de turbinas a g4s para esta fung3o.
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2.2.6 Custo e Economicidade

As estimativas dos custos de capital, operagdio e manutenglo da usina de
SNG e do sistema de gasodutos est4 resumidas na segdo 5 déste resumo.
Estas informagBes sobre custos, em conjunto com o cronograma do projeto
(estimado para cobrir um perfodo de 5,5 anos desde infcio do projeto
até o término da construgdo) e os critérios econdmicos estabelecidos ao
longo do estudo, foram utilizados na an4lise econdmica do fluxo de cai-
x2 do empreendimento, resumido na segdo 6.

A anflise econdmica foi feita separadamente para usina de SNG (para
mostrar os custos de SNG na safida da usina), e para o gasoduto (para mos-
trar o custo de transvorte). Para efeito de anflise econdmica foi assu-
mido que a usina de gaseificagdo operasse 330 dias por ano (ou aproxima-
damente com fator de carga de 90%). Foi tambén assumido que o gasoduto
transportasse, além do SNG, 10 milhGes de metros cGbicos normais por dia
de gé&s natural. Adotou-se que o g&s natural tenha um poder calorffico
igual ao do SNG produzido, e que esteja disponivel 365 dias por ano

(100% de fator de carga.).

0 resultado de nossa anflise econdmica indica um prego b&sico para SNG,
na usina, é de US$31,22 d6lares por gigacaloria, mais US$2,62 délares
por gigacaloria para o custo de transporte por gasoduto, resultando num
prego total de US$33,84 dblares por gigacaloria para o g4s no Centro

de Distribugdo nas proximidades de S3o Paulo, para que sejam satisfei-
tos os critérios financeiros adotadons como base para o estudo.

Estudos de sensibilidade foram realizados para ilustrar o impacto das
mudangas em virios parametros-chaves, tais como prego do carvio, vida
Gtil da usina, taxa de inflagdo, custo de capital etc., sobre o prego do
gds gerado. Os resultados destes estudos est3o incluidos no relatério
do estudo de viabilidade (Volume II).

Para afeito de comparagdo, os pregos estabelecidos para alguns combust{-
veis presentemente utilizados no Brasil, efetivos em janeiro de 1982,
sdos seguintes:

GPL: US$ 23,21 por gigacaloria
Nleo combustivel US$ 15,87 por gigacaloria
G4s de rua US$ 37,78 por gigacaloria

Todos os trés combustiveis estdo sendo subsidiados pelo Governo.

2.2.7 Beneficios para o Brasil

A gaseificagdo do carvdo mineral brasileiro para produgdo de SNG e a dis-
tribuigdo do g4s através de um sistema de gasodutos resultari em beneff-
cios de monta para a economia e para a populaglo brasileiras.

Alguns desses beneffcios s3o discutidos a seguir:



2.2.7.1 Balanga de Pagamentos

Um dos objetivos do Governo Brasileiro & o de substituir petréleo impor-
tado por fontes alternativas nacionais de energia. O Governo Federal
tem por meta a substituigdo de 500.000 barrfs por dia de petréleo
importado por fontes de energia nacionais em 1985. A implementagdo
desse projeto de gaseificagdo de carvdo reduziria a dependéncia brasi-
leira do petr6leo proveniente do Oriente M&dic e de suas incertezas
politicas, aumentando-se assim o poder de sobrevivéncia econdmica na
eventualidade de outras crises energéticas.

Esta usina de gaseificacdo reduziria os custos de importagdo de petré-

leo em US$ 233 milhBes anuais, baseado na produgdo de 1,042 milhdes de

toneladas equivalentes de petr6leo por ano pela usina, que ec':’valem

a 6,85 milhGes de barrfs de petrdleo por ano a um prego de U3$34.00 por
barril prevalentes no mercado internacional.

A economia resultante da redug3o da importag3o de petréleo liberar4 ca-
pital para novos investimentos no Brasil, onde as necessidades de capi=

tal sdo enormes. De outra forma, o capital utilizado pelo Pafs no paga-
mento da conta de petrfleo & emprestado de volta ao Brasil por bancos
estrangeiros com altas taxas de juro, provocando o aumento contfnuo da

dfvida externa.

2.2.7.2 Beneffcios Soctais

Substanciais beneffcios de ordem socio-econémica poderdo advir da exe-
cugdo desse projeto. Ele contribuird para o aumento do emprego no
Pafs e treinamento de pessoal em novas técnicas, importar4 em melhoria
do meio ambiente, no desenvolvimento de novas inddstrias, tanto no se-
tor de bens de capital como da utilizag3io do g&s e outros insumos pro-
duzidos pela usina, e na oportunidade de absorver e desenvolver novas
tecnologias.

A disponibilidade de energia permitir4 a implantagio de industrias em
novas regides, o que resultari em desconcentragdo do crescimento
industrial.

A atual tendé&ncia de crescimento populacional concentrado em S3o Pau-
lo poder4 ser invertida permitindo-se o crescimento em diregio ao lon-
go do corredor de SNG.

2.2.7.3 Corredor de Energia

Um corredor energético potencial de 160 km de largura por 1 140 km de
extensdo, como mostra a Figura 2.1, seria criado ao longo da principal
linha de transmissdo (gasoduto principal) capaz de suprir gls para os
consumidores atuais e futuros. Este corredor se energia estimular4 o
desenvolvimento industrial de toda esta &rea colocando em disponibilida-

de uma fonte de energia limpa e confidvel.

Este corredor se extenderia desde S3o Paulo até o Rio Grande do Sul,
passando por Parani e Santa Catarina. Além disso, o sistema de distribui-
Gdo (ramais secunddrios) poder4 criar um outro corredor enmergético ao
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norte de S3o Paulo, de 255 km de extensdo (no sentido leste-oeste) por
300 km de largura (no sentido norte-sul). O sentido de fluxo de gés po-
derd ser invertido em qualquer ramal no sistema de distribuigdo caso no-
vas fontes de gi4s se tornen disponfveis ou novas usinas de gaseificagdo
sejam construfdas no futuro.

2.2.7.4 Fontes Atuais de G4s e Desenvolvimentos Futuros

G&s natural proveniente das reservas de Campos, no norte no Estado do
Rio de Janeiro, poder3o ser injetados no sistema de distribuigdo de g4s
aquf proposto. G&s natural & perfeitamente compativel com SNG. Assim,
novas descobertas de gds poderdo ter sua utilizagdo acelerada pela exis-
téncia desse sistema de distribuigdo j4 construfdo, representando um mf-
nimo de custos adicionais. Estas possibilidades estimular3o a procura

e o desenvolvimento de novas fontes de suprimentos de gés.

2.2.7.5 Meio Ambiente.

Os efeitos ecolégicos provocados pela usina de gaseificagdo e pelos ga-
sodutos serdo mfnimos. ' EmissGes para 4gua e ar provocadas pela usina
de SNG serdo submetidas a controles rfgidos e sua liberag@o ser4 feita
dentro das regras aceitas nos palses mais industrializados.

Os gasodutos serdo subterrineos em toda su extensdo, exceto em alguns
locais que requeiram sua disposigdo fora da terra. Contudo, em geral,
ndo haverd estruturas acima da terra exceto nos locais onde se encontra-
rdo as estagdes de bombeamento e vilvulas de bloqueio. Uma faixa de ter-
ra de 15 m de largura ser4 requerida para construgdo de vala e colocagdo
dos dutos. Esta faixa de terra, na maioria dos casos, correr4 em para-
lelo com as faixas reservadas as linhas de transmiss3o elétrica. O ter-
reno ao longo do gasoduto ser4 temporariamente pertubado durante o perfo-
do de construgdo, que 2 extremamente r&pido (100 km por més, tipicamen-
te), apés o que ser§ restaurado as suas condigdes naturais. A operagdo
do gasoduto n3o implicari em qualquer descarga para a atmosfera, pois os
compressores serdo acionados por motores elétricos.

A utilizagdo industrial do SNG como substituto do 6leo combustivel me-
lhorar4 sensivelmente o meio ambiente local, pois a sua queima @& prati-
camente livre de resfduos poluidores eliminando-se, assim, compostos de
enxofre, particulados e outros poluentes produzidos na queima do 6leo
combust{vel.

Além disso, a esperada desconcentragio do crescimento industrial, decor
rente da existéncia do gasoduto no interior, diminuir4 a poluigdo do

ar e 4gua produzido pelas inddstrias locais onde essas inddstrias encon-
tram-se j4 instaladas.

2.2.7.6 Desenvolvimento Industrial.

A exist@ncia do corredor de energia atrair4 inddstrias para a regido sul
do Brasil e para 4reas ao norte e a leste da regido metropolitana de
S3o Paulo.



Durante a construgdo da usina e do sistema de gasodutos, trabalhadores
seriam treinados nas técnicas especializadas de construgdo de gasodutos.
A operagdo da usina necessitari de cerca de 500 pessoas dentre engenhei-
ros, operadores e outros empregados. Novos empregos resultardo das ne-
cessidades de minerag3o de carv3do e nas industrias que se instalardo ao
longo do crrredor. Este desencadeamento do desenvolvimento econdmico re-
sultante da implementag3do desse projeto constituir-se-4 em importante fa-
tor social considerando-se a necessidade de criagdo de 1,6 milhdes de
novos emprégos por ano, no Brasil, decorrente do crescimentc populacio-
nal natural do Pafs.

A usina de SNG e os gasodutos contribuir3o para o desenvolvimento dos
dos seguintes setores industriais no Brasil:

o Inddstria a tecnologia de minerag3o;

o Inddistria e tecnologia de ccuwbustiveis sintéticos;

o Inddstria de transporte e manuseio de carvio;

o Inddstria de manuseio de g&s combustivel, tais como estagdes

compressoras, e os sistemas de controle e instrumentag¢3o es-
pecializados;

) Indistria de geragdo térmica baseada no carvio;
o Administragdo de resfduos.
Este projeto poderd significar o advento da inddstria maciga de combus-

tfveis sintéticos no Brasil, abrindo uma oportunidade {mpar de transfe-
réncia, absorgdo e desenvolvimento de sua tecnologia.



3.0 FACILITY DESCRIPTION

3.1 GASIFICATION PLANT

3.1.1 Location

Site selection was based primarily on the indication of a coal resource
adequate to support the gasification plant, together with water availa-
bility and transportation access. Based on these criteria, the study
considers a gasification plant located in the general area of Minas do
Leao, south of the Jacui River and approximately 100 kilometers from
Porto Alegre.

3.1.2 Coal Resource

Coal feed is assumed to be from the Leao mines. Coal resource and
characterization data were reviewed and, after consultation with gasifi-
cation process licensors, it was concluded that Leao coal, washed to
reduce the ash content to 35 weight percent ash (dry basis), should be
used as the "reference" coal for the conceptual design.

3.1.3 Gasification Process Screening

Candidate gasification processes were evaluated in relation to their
present or potential commercial application experience, and their
ability to handle high-ash Brazilian coal. This resulted in the
selection of a combined Lurgi/Westinghouse gasification process,
allowing the gasification of virtually all coal from the wash plant,
Because Brazilian coal is easily broken, we expect a high percentage of
fines in the coal from the washing operation.

3.1.4 Plant Description

The proposed plant will gasify 14 283 tons per strean day of washed coal
(containing 35 percent ash on a dry basis), and will daily produce
substitute natural gas (SNG) with a higher heating value of 33 000 mill-
ion kilocalories (33 000 gigacalories). This corresponds to 1.042 mill-
ion Tons of 0il Equivalent (TOE) per year.

Coal will be mined from one or more new or existing mines, washed to the
required ash specifications, and delivered to the gasification plant.
The mines and washing facilities are outside the scope of this study,
but we have allowed in the cost estimate for 15 kilometers of conveyors
to deliver the washed coal to the gasification plant.

Washed coal received at the plant is separated into coarse and fine

fractions, the coarse fraction going to the Lurgi gasifiers. Approx-
imately 70 percent of the fines will be consumed in the Westinghouse

gasifiers, with the remainder being fired in the plant boilers for the
generation of steam and power.
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Oxygen required for the coal gasification will be produced in an air
separation plant.

The raw gas produced will be quenched and cooled (after heat recovery in
the case of Westinghouse gasifiers) to condense the tar, oil, phenols,

ammonia, &nd water from the gas stream. These components will comprise
the gas liquor stream, which is treated separately.

The gas is then shifted in catalytic reactors to produce the correct
ratio of hydrogen to carbon monoxide for methanation-about 3.6 to 1.
Carbon monoxide is reacted with steam to produce the additional hydrogen
required.

The shifted gas is further processed by a low temperature methanol wash
in the Rectisol Unit. 1In this unit, all naphtha, essentially all sulfur
and a portion of the carbon dioxide are removed to prepare the gas for
methanation. The Rectisol off-gases are scrubbed in a Stretford Unit,
producing elemental sulfur for saleywhile the Stretford off-gases are
incinerated in the boilers to avojd emitting residual hydrocarbons and
undesirable sulfur compounds. The recovered naphtha from the Rectisol
Unit is stabilized to produce a by-product for sale.

The clean synthesis gas, after preheating and dilution with recycled
gas, is passed through parallel catalyst beds where carbon oxides react
with hydrogen to form methane. A final cleanup reactor reduces
remaining concentrations of the hydrogen and carbon monoxide and ensures
a higher BTU-product gas. The gas will be cooled and compressed and the
bulk of the remaining carbon dioxide removed in the Rectisol Unit. The
SNG thus produced is further compressed to 68.6 kg/cm? (abs) and
delivered to the pipeline at battery limits.

The gas liquor removed from the raw gas is passed through three stages
of gravity separation to remove the tar arnd oil. The phenols are then
extracted with di-isopropyl ether. The dephenolized water is stripped
in a Phosam-W still to remove ammonia and acid gases, and after
treatment is used as makeup in the cooling towers. Anhydrous ammonia
is produced for sale and the tar, oil, and phenols are used to fuel the
plant boilers and superheaters.

Raw water requirements of the plant, estimated at 1092 cubic meters per
hour, will be met by water pumped from the Jacui River. The plant will
be self-sufficient with respect to electrica; power requirements during
normal operation.

In addition to the 3.61 million cubic meters per stream day of SNG, the
plant will produce 226.2 tons per day of sulfur, 45.2 tons per day of

ammonia, and 109 600 liters per day of naphtha. Sulfur will be produced
in the form of solid blocks, and ammonia and naphtha, as liquids, will
be dispatched from the plant by truck tc the nearest rail connection at
Ramiz Galvao.

The only waste materials rejected from the plant are coal ash and
gypsum. These are conveyed to the on-site ash pile for disposal.
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The overall process configuration for the Lurgi/Westinghouse study
design case 1is shown in the attached Block Flow Diagram, Drawing
No. 836504-00~-4-0001. The plant, including the ash disposal area, will
require a plot space of approximately 1900 meters x 1280 meters, as
illustrated by the attached Plot Plan, Drawing No. 836504-00~5-050,

3.2 PIPELINE AND DISTRIBUTION SYSTEMS

3.2.1 General Description

The 960-psi pipeline and distribution :vstem is shown on Figures 2-1
and 2-2,

The 28-inch main transmission pipeline begins at Minas do Leao in the
state of Rio Grande do Sul and parallels Route BR 116 to the main line
distribution center located south of the city of Sao Paulo near the
FEPASA railroad (Santo-Marinquy). The lateral distribution lines vary
from 10 inches to 12 inckes in diameter, as shown on Figure 2-2. These
laterals, along the length of the transmission pipeline, supply gas to
Blumenau, Joinvile, Ponta Grossa, Criciuma, and Curitiba in the states
of Santa Catarina and Parana.

The distribution system includes:
o) Connection to high pressure system of the city of Sao Paulo

o The eastern leg to Cubato/Santos, S. Jose Dos Campos, Taubate,
and Pindamonhangaba

o The western leg to Sorocaba, Campinas/Aulina, and Mogi Guacu.

A conceptual design of the system was developed to meet the projected
needs of priority industrial centers for the years 1985 and 1990 and
beyond to 2000. Tt does not include allowance for nonpriority
commercial or residential users. The proposed system is readily
expandable. TIncremental expansions can be made to accept and distribute
additional gas as the supply of gas is increased to meet the overall
consumer demand. The additional high-BTU gas =7y come from new gas
wells, additional coal gasification plants, associated gas from oil
wells or from neighboring countries.

3.2.2 System Capacity

The 1initial pipeline system throughput design capacity 1is

13.61 x 10°Nm®/D (508 x 10° SCFD). The SNG Plant will produce
3.61 x 10° Nm®/D (135 x 10® SCFD) and the balance of 10 x 105Nm®/D
(373 x 10° SCFD) will be supplied from other sources. A conservative
design has been proposed by assuming that the gas from other sources
will be injected into the end of the pipeline at the SNG Plant and that
all of the gas will be delivered through the main transmission pipeline.
Six intermediate compressors are required to deliver the design capacity
flow to the distribution center south of Sao Paulo.
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The gas will free flow from the distribution center to each of the three
distribution legs. Conservatively estimated, the design flow of gas
will exceed 2.7 x 10°Nm®/D (101 x 10%° SCFD) in the Mogi Guacu leg and
2.4 x 10°Nm3/D (89 x 106 SCFD) in the Pindamonhangaba leg.

The pipeline system can be modified for increased throughput by adding
more compressors, looping parts or all of the lines, or by a combination
of each,

3.2.3 Gas Storage

Gas storage is considered in two categories, namely, that required for

seasonal and that for daily variations in gas demand. The gas industry
frequently handles seasonal variations by injecting gas into abandoned

wells for storage, and daily fluctuations by packing the pipeline, using
storage tanks, or by liquefying the gas and then storing the cryogenic

liquid in tanks.

The present and future priority demands for gas energy in Brazil will
exceed both SNG production and projected supply from other sources. 1In
addition, the current gas supply is allocated to industrial users who
require a relatively constant supply of gas and whose demand is not
materially affected by seasonal temperature variations. Hence, long
term storage will not be required until, and if, the gas is supplied to
nonpriority commercial and residential users. This contingency lies
beyond the scope of this study.

Gas demand for an individual industrial user will usually be on a
constant basis, for 330 days/year (minimum) or 365 days/year (maximum).
The variations in demand are anticipated on a day-to-day basis. The
pipeline system is designed to store in excess of a day's gas demand by
packing the line, which will more than adequately handle variations,
even if the demand in some plants is on an 8-or 12-hour-per-day basis.
Further studies during Phase 2 of the future pipeline project will be
required to evaluate the need for additional storage facilities, after
fluctuation statistics become available.

3.2.4 Supervisory Control (SCADA), Communications

The entire pipeline system can be fully operated from a remote central
control system located at Minal do Leao. This will be accomplished
through a microwave system which will send and receive signals to
control and monitor the system.

3.2.5 Pipeline vs. Barges

The scope of work for this report includes a study to compare the

relative merits of two methods of energy transport: (1) building the
coal gasification plant near the coal mines and shipping .the SNG by
pipeline to the Santos area; and (2) building the gasification plant
near Santos and barging the coal from the mines to the gasification
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plant. For this comparative study, the pipeline was sized as it would be
to transport only the SNG from the gasification plant, eliminating
"other source" gas as a variable in the comparisons. The study was
further expanded to include consideration of other modes of transporting
energy from Leao to consumers in the Sao Paulo metropolitan area.

A summary of quantitative and qualitative evaluations that were made is
shown on Tables 3-1 and 3-2, respectively,

The comparison showed that the initially selected pipeline system was
the least costly with respect to both capital investment and operating
costs. In addition, of the systems evaluated, it provided the most
advantages with respect to regional growth, national growth, social,
economic, technological, ecological, and political effects, national
secuvity, utilization of natural resources, safety, and manpower
utilization aspects.

Table 3-3 provides a brief summary of the relative merits of the Base
Case pipeline system and those of barging coal to an SNG plant near the
area of gas usage.
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TABLE 3-1

EVALUATION OF ALTERNATIVE TRANSPORTATION MODES

QUANTITATIVE
INVESTMENT ANNUAL ENERGY
CASE DEFINITION ($1000) RANK COST (51000) RANK
1. Case I-A Gas Pipeline System (Base Case) 322 440 1 1 934 1
NOT NOT
2. Case I-B Liquefied Gas Transportation DETERMINED - DETERMINED -
3. Case II-A Coal Barge Haul to Santos 373 658 3 64 576 3
4. Case II-R Coal Slurry Pipeline to Santos 521 740 2 6 453 2
5. Case II-C Railroad Haul to Santos 994 400 4 134 758 4
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TABLE 3-2

EVALUATION OF ALTERNATIVE TRANSPORTATION MODES

QUALITATIVE

CASE I-A GAS CASE I-B CASE II-A CASE II-B CASE 1I1I-C

SPECIFIC FACTORS PIPELINE LNG BARGE HAUL COAL SLURRY RAILROAD

SYSTEM TRANSPORTS AND PIPELINE PIPELINE COAL HAUL
1. Economic 1 - 3 2 4
2. Social Homogeneity 1 5 4 2 3
3. Technology 1 5 4 2 3
4. Ecological 1 3 4 2 5
5. Political 1 4 3 2 5
6. National Security 1 5 4 2 3
7. Utilization of Natural 1 4 3 2 5

Resources

8. Manpower 1 4 3 2 5
9. Safety 2 5 3 1 4

1). Master Plan Objectives 1 4 3 2 5




TABLE 3-3

RELATIVE MERITS OF TRANSPORTATION SYSTEMS

ITEM PIPELINE SNG BARGING COAL
National 0 More jobs available, 0 More jobs in Porto Alegre
Interest resulting in added tax and Santos (short term)
revenues in the southern
states (long term)
0 Improve upon the existing
telephone communications
network
0 Reduces the drain on the o High diesel consumption,
balance of payments to negating some of the gains
foreign countries from use of coal
0 Less maintenance and n A large operating organi-
operating problems zation would have to be
created
o Less intensive use of 0 More intensive use of
skilled labor general labor
Natural o Makes use of the vast o The land required to
Resource supply of subbituminous install the berthing
Utilization coal from the southern facilities in heavily-
states congested areas of Porto
Alegre and Santos could be
utilized to better econ-
omic and social advantages
Technological o More efficient use of o About 10%Z of the coal will
natural resources be lost during transporty
(Brazilian) creating pollution
problems
0 Training will uplift the
quality of manpower in
Brazil
Social o Makes gas available 0 Polarizes industry and
throughout the south- population growth in the
eastern part of country; state of Sao Paulo, in the
hence, the effect will be metropolitan area of the
to decentralize industry city of Sao Paulo
and population centers
0 More jobs will be created,

but return on capital
investment may not be
attractive



TABLE 3-3 (Continued)

RELATIVE MERITS OF TRANSPORTATION SYSTEMS

ITEM PIPELINE SNG BARGING COAL
Economic 0 Lower capital investment
Effects 0 Lower operating costs
o Lower investment in spare
parts
0 Lower routine maintenance
costs
0 Less sensitive to infla-
tion effects
o Less infrastructure
Environmental o Air pollution levels in 0 Air pollution levels in
industry areas would Santos would increase
decrease. The SNG plant with the installation of
will be located in an the SNG Plant
area where the pollution
levels would not be
materially increased
o There is a sufficient o Water from the Santos
water supply to run the Metro area would be
plant required to run the plant
National o Monitoring and security
Security control of buried over-

land distribution
system easier to manage
than comparable sea routes
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4.0  PROJECT SCHEDULE

The Master Schedule (Figure 4-1) displays the time relationship for the
engineering, procurement, and construction tasks for the coal
gasification plant and pipeline system developed in this study.

The schedule provides for a management review of the project, during
which preliminary design and a detailed estimate form the basis of the
review and decision to proceed. Activities prior to this review are
shown on the schedule in the Step 1 period. The first major activity is
a large-scale coal test to provide basic design data. At the conclusion
of this test, the project is released for Step l design and procurement
activities. During this period, the progress in engineering is directed
to supporting the development of the detailed estimate of both the plant
and the pipeline. Inquiries are issued for equipment during Step 1l but
actual commitment of the orders is deferred until after the management
review.

Mechanical completion is defined as the point when the plant/pipeline
have been turned over to the owner for precommissioning activities.

Start-up proceeds as units are completed and precommissioning activities
are accomplished by the owner.

The schedule assumes there are no delays due to complying with
governmental regulations and the obtaining of environmental permits.
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5.0  CAPITAL AND OPERATING COST SUMMARY

5.1 ENGLISH TEXT

The costs Fluor developed for the coal gasification plant and the gas
transport pipeline, expressed in instantaneous January 1982 U.S. dollars
and for the Brazilian location, are summarized in Table 5-1.

For the purposes of this estimate, a contingency allowance corresponding
to a fifty percent probability of underrun in cost is used throughout
the project. For more information on contingency, refer to Section 4 of
the Feasibility Study Report (Volume I, Part I).

Preoperating costs represent costs not customarily handled by the
coantractor. Items included are:

o Initial catalysts and chemicals
0 Warehouse spare parts

o Mobile equipment

o Building furniture, shop equipment, and laboratory equipment
o Royalties and license fees
) Owner's costs

Operating costs include the following:

o} Catalysts, chemicals, and coal
o Operating and maintenance labor
o Maintenance material

o} Overhead

Initial working capital and the cost of coal are discussed in the
Project Economic Analysis (Volume II, Section 6.0).
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Direct Field Costs
Indirect Field Costs
Office Costs
Camp Costs
Contingency
Subtotal Project
Preoperating Costs
TOTAL

Annual Operating Costs
(Including Coal)

TABLE 5-1

ESTIMATE SUMMARY
INSTANTANEUUS JANUARY 1982
U.S. DOLLARS (iillions)

Gasification
Plant

760.1
196.4
133.1
40.0
196.4
1 326.0
146.5

1 472.5

39.1

Pipeline
System

611.0
71.3
18.7
13.5

124.5

839.0

30.0

869.0

17.8

371.0
267.7
151.8

53.5
320.9

165.0

176.5

341.5

56.9



5.0 RESUMO DOS INVESTIMENTOS E CUSTOS DE OPERACAO

5.2 Texto em Portugués

Os custos calculados pela Fluor para a usina de gaseificagio e para o
gasoduto, apresentados em US délares instantdneos de janeiro de 1982 estdo
resumidos na Tabela 5-1.

Neste orgamento foi adotada uma reserva de contingéncias correspondentes
a 50 porcento da probabilidade de subestimag3o de custos. Para maiores
detalhes sobre esta reserva, ver capftulo 4 do Volume II. Custos pré-opera-
Gionais sdo custos geralmeuic n¥o administiados pelo contratante principal.

Por ejemplo:

) Carga inicial de catalizadores;

o Estoque de pegas sbbressalentes;

o Equipamentos méveis de transporte interno;

0 M6éveis, equipamentos de oficina e de laboratério;
o Pagamentos de patentes e ligencas;

) Custos internos do propietério.

Custos operacionais incluem:

o Catalizadores, produtos quimicos e carvio;
o Md3c de obra de operagdo e manuteng3o;

0 Materiais de manuteng3o;

o) Despesas gerais

0 capital de giro inicial e o custo do carvdo sdo examinados no capfitulo 6.
do Volume II.
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TABELA 5-1

RESUMO DOS CUSTOS
(D6lares instantd@neos de janeiro de 1982)

Usina de
Gaseificagdo Gasoduto Total
Custos “iretos de construgdo 760.1 611.0 1 371.
Custos indiretos de construgdo 196.4 71.3 267.
Custos de escritério 133.1 18.7 .51,
Custos de alojamento 40.0 13.5 53.
Contingéncias 196.4 124.5 320.
Subtotal 1 326.0 839.0 2 165.
146.5 - _30.0 176.
TOTAL 1 472.5 869.0 2 34]1.
Custos de operagdo anuais, 39.1 17.8 56.

incluindo carvio
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6.0 PROJECT ECONOMIC ANALYSIS

6.1 ENGLISH TEXT

Using the base case cost data developed in the study, Fluor performed
separate economic analyses on the coal gasification plant and on the
pipeline system. The gasification plant analysis was based on the plant
operating 330 D/yr and producing 3.61 x 10° Nm®/D of SNG (33 000 gigacal-
ories/D) while operating. This basis determined what SNG price would be
required at the plant gate. The pipeline analysis was based on pipeline
throughput of the SNG from the gasification plant plus an additional
10.0 x 10°Nm3/D of imported gas for 365 D/yr. This basis determined the
incremental SNG price required to cover distribution costs. Combining
the plant gate price and pipeline distribution cost results in a
delivered product price.

As shown in Table 6-1, the study indicated that a January 1982 plant
gate price of U.S. $31.22 per gigacalorie ($7.87 per million BTU) and
delivered price of $33.84 per gigacalorie ($8.53 per million BTU) would
be needed for the SNG produced by the gasification plant to meet the
target return on investment goal, based on the following principal
assumptions:

0 Ten percent general inflation (on U.S. dollars)

o} Three percent real escalation on materials and product price,
and five percent real escalation on labor

o Eight percent real internal rate of return (post-tax return on
investment)
o} Twenty-year plant operation lifetime.

Sensitivity studies were performed to illustrate the impact of changes
in key variables, such as coal price, plant lifetime, inflation rate,
capital costs, etc., on the SNG price. The results of these studies are
detailed in the tables and curves presented in Sections 5 and 16 of the
Feasibility Study (Volume II).
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TABLE 6-1

SUMMARY OF ECONOMIC ANALYSIS

BASE CASE COAL GASIFICATION PLANT AND PIPELINE

Million U.S. $ (January 1982)

Gasification Pipeline

Plant System Total

CAPITAL COSTS
Plant and Equipment 1 326.0 839.0 2 165.0
Preoperational Costs 90.0 - 90.0
Owner's Costs during Construction 56.5 30.0 86.5
Initial Working Capital 15.3 1.5 16.8

Total 1 487.8 870.5 2 358.3
ANNUAL OPERATING COSTS
Coal (at $32.90/ton) 155.1 - 155.1
Other 39.1 17.8 56.9

Total 194.2 17.8 212.,0
BY-PRODUCT REVENUES
Sulfur (at $140/ton) 10.5 - 10,5
Ammonia (at $177/ton) 2.6 - 2.6
Naphtha (at $0.161/1liter) 5.8 -= 5.8

Total 18.9 - 18.9

U.S. § (January 1982)
$/Gcal  $/Million BTU S/I1000 Nm® $/1000 SCF

SNG PRICE
At Plant Gate 31.22 7.87 285.30 7.64
Distribution Cost 2.62 0.66 23.92 0.64

Delivered Price 33.84 8.53 309.22 8.28

Gasification Pipeline
Plant System

REAL RATES OF RETURN
ROE 12.5% 12.87%
Pretax ROI 10.1 10.4
Post-Tax ROI 8.0 8.0



6.0 ANALISE ECONOMICA DO EMPREEDIMENTO

6.2 Texto em Portuguds

Foram executados pela Fluor, a pariir dos custos estimados para o caso base,
duas anflises econdmicas separadas, uma para a usina de gaseificagdo e
outra para o sistema de gasodutos. A andlise para a usina de gaseificagdo
baseou-se na usina operando 330 dias por ano € produzindo 3.6l x 106 Nm3
de SNG por dia de operagao (33 000 gigacalorias por dia). A an4lise determi-
nou entdo o prego a ser pago pelo gi&s na boca da usina. A an4lise do
gasoduto baseou-se em uma vazdo do gasoduto igual a produgdo de SNG da
usina mais 10.0 x 106 Nm3 por dia adicionais de g&s importado, durante
365 dias/ano. Foi entdo calculado o prego adicional a ser pago para
cobrir os custos de transporte. O prego final do g&s é a soma do prego

na boca 4a mina, mais o prego do transporte.

0 estudo mostra, como apresentado na Tabela 6.1, que um prego na boca da
usina (d6lares de janeiro de 1982) de US$ 31,22 por gigacaloria (ou USS$
7,87 por milhao de BTU), e um prego final do g&s de US$ 33,84 por gigacaloria
(Us$8,53 por milhdo de BTU), sdo necessdrios para consequir-se o retorno

pré-estabelecido sobre o investimento, baseando-se nas seguintes premissas:

) Taxa geral de inflagdo (em délares) de 10% ao ano;

) Aumento real de custos de materiais primas e materiais, e de

pregos de venda, de 3% ao ano, e de 5% para m3o de obra;

o Taxa de retdrno real sobre investimento (apés impSstos) de
8% ao ano;
) Vida Gtil de 20 anos para as instalagdes.



O impacto no: pregos de venda de mudangas em varidveis criticas, tais
como custo do carvdo, vida 4dtil, taxa de inflag3o, investimentos, etc.,
foi estudado por meio de andlises de sensibilidade. Os resultados das
andlises sdo apresentados em detalhes nas tabelas e gré&ficos dos capftu~-

los 5 e 16 do Volume II.



TABELA 6-1

RESUMO DA ANALISE ECONOMICA CASO BASE

USINA DE GASEIFICACAO E GASODUTO

MilhSes de US $,(Janeiro 1982

Usina de Sistema de
Gaseificacdo Gasoduto Total
INVESTIMENTO
Equipamentos e instalagoes 1 326.0 839.0 2 165.0
Custos pré-operacionais 90.0 - 90.0
Custos internos do propiet4-
rio durante a construgio 56.5 30.0 86.5
Capital de giro inicial 15.3 1.5 16.8
TOTAL 1 487.8 870.5 2 358.3
Despesas Operacionais (anuais)
Custo de carvdo a US$32.90 por 155.1 - 155.1
tonelada métrica
Outros 39.1 17.8 56.9
TOTAL 194.2 17.8 212.0
RECEITAS COM SUB-PRODUTOS
Enx6fre a US$140 por tonelada métrica 10.5 - -10.5
Amonia a US $177 por tonelada métrica 2.6 - 2.6
Nafta a US § 0.161 por litro 5.8 5.8
TOTAL 18.9 - 18.9
U.S.$ (Janeiro 1982)
$/GigaCal  §$/MilhZo de BTU $/1000 m'n  $/1000 SCF
PRECO DO SNG
Na boca da usina 31.22 7.87 285.30 7.64
Custos de transporte 2.62. 0.66 23.92 0.64
Prego final do g4s 33.84 8.53 309.22 8.28
Usina de Sistema de
TAXAS REAIS DE RETORNO Gaseificagdo Gasodutos
Retdrno sbbre o capital
prépio(ROE) 12, 5 12.8%
Retdrno s8bre o investimento,
antes de impdstos 10.1% 10.4%
Ret8rno sdbre o investimento,
(ROI), depois de impB8stos 8.0% 8.0%


http:US$32.90

